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Abstract 

Aim  

The aim of this study was to assess whether or not increasing levels of antibacterial 

polylysine (PLS) and monocalcium phosphate (MCPM) within dental composites can 

reduce Streptococcus mutans biofilm formation on surfaces.  

Methods 

Five experimental composites were prepared with PLS (4,6,8 wt. %) and MCPM 

(8,12, 16 wt.%).  Control samples were commercial materials Z250 (3M), Activa , Fuji 

II and the same experimental samples with no PLS or MCPM.  Set discs (10mm 

diameter and 1mm depth) were immersed in 1 ml BHI broth with 1% (w/v) sucrose 

and 5*106 S. mutans then incubated in air with 5% CO2 for 24 hours.  In each 

experiment, 3 discs with the same formula were tested 3 times (n=3x3).  Biofilm 

thickness and mass on material surfaces were determined using confocal microscopy 

and crystal violet (CV) staining.   

Results 

CV optical density decreased when MCPM and PLS concentrations were 

increased. Composite formula with MCPM 16 and PLS 8 showed the lowest 

level of bacterial reduction.  Biofilm thickness was between 120 and 150 

microns for all the commercial materials and the experimental control.  With 

4% and 8% PLS, biofilm thickness declined to 70 and 40 microns whilst 8% 

and 16% MCPM gave an average thickness of 60 and 50 micron, respectively.  

Biofilm mass decreased by 55% when PLS was increased from 4% to 8%, 

however, increasing MCPM from 8% to 16% did not affect the results. 

Conclusion  

Doubling PLS content in composites caused a greater reduction in biofilm growth on 

dental composites than doubling MCPM. 
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Impact statement 

Dental caries is a global problem and the focus has rightly been towards 

prevention.  Early Childhood caries though is on the rise with a worldwide 

prevalence of 63% in 5-year-olds who would potentially require dental 

treatment. 

 

This thesis is part of a number of theses aiming to develop a novel dental 

composite material that surpasses the weaknesses of already existing 

materials and provides novel dynamic features to the routine process of 

restoring a cavity.  Self-etching, antibacterial and demineralising materials 

exist in the literature but are not yet commercialised.  The aim of this work is, 

therefore, to produce SMART composites that are commercially viable. 

 

If SMART composites manage to pass the clinical trial phase and become 

released to the market, they will provide a more aesthetic, reliable option for 

young, anxious paediatric patients who do not cooperate for chairside dental 

treatment.  This would gradually have an impact on the number of patients 

undergoing dental treatment under general anaesthetic.  This would lead to 

major money savings for the NHS that could be spent in other domains in 

need. 

 

The material only requires a dental professional to identify the tooth, basic 

moisture control with a cotton roll, ideally a hand excavator, the material and 

a light curing device.  

 

Last but not least, another group of paediatric patients that would benefit from 

such a material would be that of underdeveloped low-income countries that do 

not offer dental care through their national health systems.  It should keep in 

mind that conventional dentistry as practised in developed countries, is 

expensive.  It requires a lot of expensive technologically savvy gadgets, 

training and materials in order to restore tooth and this cost is too much in 

some parts of the world.   SMART composites would offer an alternative in 

such countries where the only solution would be extraction. 
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Chapter One: Literature review  

1.1 Dental caries  

1.1.1 Definition and morphology 

 

Dental caries are caused by demineralisation of hydroxyapatite crystals by the action 

of acid formed by bacteria from the fermentation of sugar.  Fermentation end-products 

are organic acids consisting of acetic, lactic and propionic acid  (Kianoush et al., 

2014).  Dental plaque on tooth surfaces acts as a reservoir of these bacteria 

(Loesche, 1996).  After cavity formation, unprotected collagen fibres are prone to 

enzymatic degradation by bacteria (Kianoush et al., 2014). 

The morphology of the enamel and dentine carious lesion involves a sequence of 

demineralised layers combined with re-mineralised zones.  In the outer enamel, the 

initial carious lesion which forms is known as a white spot lesion (WSL).  WSLs extend 

through the whole enamel thickness and are susceptible to spontaneous healing. If 

healing does not occur, the cavity reaches the dentino-enamel junction (DEJ) and 

passes through the dentine layer and penetrates the dentine tubular structure. At a 

very early stage of caries formation (enamel only), the lesion is reversible.  

Afterwards, enamel breaks down and an open cavity is formed.  Some carious lesions 

are active, and some are inactive (arrested lesion).  Active carious lesions cause 

defects in the surface zone and subsurface porosities, which give a soft leathery 

texture.  Arrested lesions on the other hand, are hard in nature.  However, there is 

mineral loss in the subsurface (Bjørndal, 2008). 

When food accumulates inside the carious cavity, reaching the circum-pulpal dentine, 

bacterial colonies increase in density (Kidd and Fejerskov, 2004).  Progression of the 

dentine carious lesion continues to invade adjacent structures to reach the coronal 

dentine and the coronal pulp.  Another type of dentine known as reactionary dentine 

is formed when the cavity reaches the pulp (natural defence mechanism to protect 

the pulp).  In addition, when the pulp is exposed, reparative dentine is formed to fill 

the perforation.  Again, early pulp response is limited and reversible.  However, once 

progression increases, absence of reparative dentine will occur, pulp will become 

necrotic with the presence of apical pathology (Kidd and Fejerskov, 2004; Bjørndal, 

2008). 
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1.1.2 Epidemiology 

 

According to the Child Dental Survey 2013, the prevalence of dental caries is 

decreasing at a slow rate.  The survey determined that 31% of 5-year-old children 

experienced dental caries in England.  Another key point is that 28% of 5-year-olds 

and 39% of 8-years-olds suffered from untreated dentine caries.  Dental caries is 

known as the disease of deprivation – that is, the lower the economic status of 

individuals, the more caries they experience.  However, dental caries still remains a 

problem in Europe especially in deprived areas  (Eaton, 2012a).  The prevalence and 

severity of tooth decay remains extremely high worldwide, reaching up to 90% of 3-5 

year olds in some countries (Manton, 2018).  

 

Moreover, this disease has an effect on individual quality of life on one hand and is 

associated with rising healthcare expenditure and thus in economic costs (Eaton, 

2012a).  In fact, annual oral health expenditures in the European Union were valued 

at €79 billion in the years 2008-2012, this is estimated as greater than the money 

spent on cancer and respiratory disease (Eaton, 2012b).  Worldwide, dental treatment 

is not covered by the Universal Health Coverage (UHC), and it is estimated that dental 

treatment is around 5% of health expenditures and an extra 20% are paid from the 

budget (Kyu et al., 2018).  Oral disease is associated with significant morbidity 

described with increased pain and anxiety, eating and sleep disturbances, thus, 

leading to an impaired quality of life (Eaton, 2012a). 

 

According to the World Health Organisation (WHO), around 350 million children are 

diagnosed with dental caries every year (Assembly, 2012).  Moreover, Global Burden 

of Disease in 2017 stated that untreated dental caries is the commonest health 

condition (Assembly, 2012). 
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1.1.3 Aetiology 

 
There are three main causes of dental caries; bacteria, diet and susceptibility. 
 
1.1.3.1 Bacteria  

 
Biofilm is a three-dimensional structure comprising of diverse species like bacteria 

linked together and embeded in exopolysaccaride matrix.  In addition, biofilm 

formation occurs in three phases.  Firstly, salivary molecules such as proteins, 

lysozymes and mucin attach to the enamel surface.  This mechanism forms what is 

known as acquired enamel pellicle (AEP).  AEP works as a foundation for biofilm 

development, and it starts to form immediately after the teeth are cleaned.   Secondly, 

bacteria attach to the AEP via a mixture of specific cell-to-cell interaction.  Lastly, 

other bacterial species link to primary colonisers again with cell-to-cell interaction.  

Subsequently, biofilm continues to grow until it gets distorted by prevention methods 

such as toothbrushing (Forssten et al., 2010). 

 

Caries formation starts on the biofilm, commonly known as dental plaque.  Dental 

plaque usually accumulates on the hard structures of the oral cavity like teeth and 

gingivae (Zero et al., 2009).  The metabolic activity of microorganisms produces 

acids, as a result of carbohydrate metabolism.  Due to this activity, recurrent 

fluctuations in the oral cavity pH occur.  This recurrent fluctuation in the pH makes 

the teeth hard tissues prone to caries formation.  The critical pH is 5.5.  This means 

that when the pH in the oral cavity is below 5.5, teeth will start to demineralise and 

when it’s above 5.5 they will remineralise (Takahashi and Nyvad, 2011). 

 

There are three main hypotheses that explain the role of bacteria on the 

aetiopathogenesis of dental caries:  the specific plaque hypothesis, the non-specific 

plaque hypothesis and the ecological plaque hypothesis (Aas et al., 2008).  The 

specific plaque hypothesis suggests that only specific bacteria such as Streptococcus 

mutans and Lactobacillus can cause the disease.  In the non-specific hypothesis, all 

plaque bacteria have a role in the initiation and progression of caries.  Both of the 

above hypotheses failed to report the contribution of ecological variables on 

microbiota associated with caries, thus the ecological hypothesis was established. 

The ecological plaque hypothesis suggests that dental caries occur once the 

demineralisation-remineralisation equilibrium is altered and any shift in the balance 

of this equilibrium would result in dental caries.  Non-mutans bacteria (ie  
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Streptococcus sanguinis, Streptococcus gordon and Actinomyces sp.) are key 

players in maintaining dynamic stability in dental surfaces (dynamic stability stage). 

An increase in non-mutans streptococci bacteria decreases the pH to below 5.5, 

which subsequently shifts the balance from net mineral gain to net mineral loss 

(acidogenic stage).  Once the environment is aciduric (acid tolerant), mutans bacteria 

and aciduric bacteria promote lesion formation (Aciduric stage).  Consequently, 

enamel and dentine surface morphology are changed from smooth and hard to rough 

and soft respectively (Takahashi and Nyvad, 2011).  Remineralisation is promoted by 

phosphate, calcium and fluoride ions which are present in saliva and oral hygiene 

dentifrices i.e. mouthwashes and toothpastes (Takahashi and Nyvad, 2011).  

 
1.1.3.2 Diet  
 
In the early fourth century B.C., Aristotle discovered the connection between diet and 

dental caries.  His hypothesis was that dental caries are caused by the intake of sweet 

figs that  adhere to dental surfaces (Stocks, 1930).  More recent evidence confirms 

that dental caries form in the presence of fermentable carbohydrates in the diet 

(Brown et al., 1977).  Therefore, any increase in the intake of either solid or liquid 

forms of carbohydrates are linked with an increased risk of dental caries.  The World 

Health Organisation (WHO) stated that a 10% reduction in the consumption of sugar 

from diet is enough to reduce dental caries formation (Moynihan and Kelly, 2014). 

Similarly, obesity, which affects more than 340 million children and young adults 

worldwide, is significantly linked with dental caries (World Health Organization, 2015)  

 

1.1.3.3 Susceptibility  
 
The susceptibility or resistance to dental caries has been investigated by many 

studies.  One of the earliest studies carried out by Vipehom showed that some 

individuals were resistant to dental caries even though, they were on high sugar diet 

(Gustafson et al., 1953).  This finding advocates the hypothesis that resistance to 

caries could be influenced by the genetic background and environment of the 

individual.  In addition, a study carried out by Black in 1981 showed that when children 

get exposed to the same diet as their parents in their childhood, their susceptibility to 

caries will be more likely to be similar to that of their parents (Black, 1981).  The order 

of dental cavitation in the children can be almost be anticipated by the order described 

by the parents – that is, children of that family will have dental cavitation in the same 

order as their parents and at around the same age. 
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Saliva exhibits both innate and acquired defence mechanisms that are capable of 

preventing bacterial growth and metabolism by many means (Amerongen and 

Veerman, 2002).  However, the role of genes remains broadly unexplained.  More 

genetic studies in different localities will have to be performed in order to discover the 

susceptibility for caries formation based on the genetic or molecular background 

(Opal et al., 2015). 

 

1.1.4 Pathogenesis  

 
To understand caries microbiology and the above explained caries hypothesis, it is 

worth looking at microbiological studies in the literature.  From previous culture-based 

studies, it was believed that S. mutans, S. sobrinus and lactobacilli are human dental 

pathogens.  S.mutans’ ability to produce acid and survive in acidic environments 

confirmed its cariogenicity.  Colonisation of S. mutans in teeth fissures without 

disruption suggested caries formation.  However, prevention regimes like teeth 

brushing interferes with S. mutans and other bacteria, and hence prevents caries 

formation.  This confirms the ecological hypothesis by proving the role preventative 

measures.  S.sobrinus, on the other hand is mostly seen in smooth surface decay 

(Loesche, 1986).  Additionally, the presence of S. sobrinus has been associated with 

high caries progression.  One study revealed that children who manifest both S. 

mutans and S. sobrinus have more caries compared to those carrying only S.mutans 

(Okada et al., 2005). 

 

Supporting the ecological hypothesis, studies demonstrated that microbial 

colonization varied in each stage of cavity formation.  Original colonization on enamel 

surfaces consists mainly of mitis group:  S. sanguinis, S. oralis and S. mitis.  The 

same study confirmed that Mutans Streptococcus (MS) consists of only 2% of the 

initial streptococcal population.  This result reveals that MS are not prominent 

members on smooth enamel surface (Nyvad and Kilian, 1990).  As for white spot 

lesions, studies showed that plaque consists of higher concentrations of MS than in 

smooth enamel surface, but Non. mutans streptococci and Actinomyces still 

predominated (Nyvad and Kilian, 1990).  In dentine cavities and rampant caries, 30% 

of total microflora is MS.  Therefore, the concentration of MS rises with caries 

progression (Nyvad and Kilian, 1990). 

 

In a study carried out in Columbus, bacterial growth was analysed using a reversed 

capture hybridization assay (Aas et al., 2008).  Fifteen children with caries in primary 
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teeth and 34 adults with caries in secondary teeth, with 39 controls were inspected in 

this study.  Plaque was extracted from four different regions:  intact enamel, white 

spot lesions, dentine lesions and deep dentine lesions.  S. mutans was detectable in 

90% of patients with active caries in permanent dentition.  The study also 

demonstrated that smooth surface enamel and white spot lesions lacked S. mutans 

species.  Streptococcus parasanguinis and streptococcus salivarius species were 

detected in white spot and dentine lesions of primary and secondary dentition. 

However, Corynebacterium spp and Actinomyces gerencseriae were detected in 

primary dentition only, while Campylobacter gracilis and Selenomonas spp were 

detected in secondary dentition only.  

 

As for deep dentine caries, S. mutans, Lactobacillus spp and Propionibacterium spp 

were found in both primary and secondary dentition. However  

Atopobium genomospecies C1 were only detected in secondary dentition and 

Bifidobacterium spp. were only in primary dentition (Aas et al., 2008) . 

 

In addition to the previous findings, a recent systematic review concluded the positive 

correlation between the presence of the yeast, Candida albicans and children with 

early childhood caries (Xiao et al., 2018). 

 

The above findings regarding the microbiology of carious lesions support the 

ecological hypothesis, where Non. mutans streptococci and Actinomyces are mostly 

present in plaque.  Furthermore, the studies have demonstrated the detrimental role 

of increasing sugar consumption, which leads to a decrease in the pH of the oral 

cavity, thus leading to caries progression.  Once the pH drops to 4 or less, Non. 

mutans streptococci and Actinomyces spp. cannot survive anymore.  Under these 

conditions, only S.mutans and Lactobacilli are able to survive.  Other microorganisims 

such as Bifidobacterium can also grow in a very low pH condition (Takahashi and 

Nyvad, 2011).   

 

Since S. mutans is considered as one of the best microorganisms at surviving under 

severely acidic conditions, during caries formation, it is worth having a more detailed 

look at this species  in the next section. 
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1.1.5 Streptococcus mutans  

Streptococcus mutans is a Gram positive facultatively anaerobic species, mainly 

found in the oral cavity.  S. mutans was first isolated from human carious lesions by 

Clarke in 1924.  He discovered that in a medium with S. mutans where pH = 7, acid 

is produced very rapidly giving a reaction of pH = 4.2 in 24 hours.  All S. mutans 

strains were shown to ferment glucose, lactose, raffinose, mannite (manitol), inulin, 

and salicin with production of acid (Clarke, 1924).  The core habitats of S. mutans are 

the oral cavity, the pharynx and the intestines. In the mouth, S.mutans is imbedded 

in dental plaque with other microorganisms to form a biofilm. 

S. mutans fuse to the salivary pellicle through sucrose-dependent and sucrose-

independent mechanisms.  The sucrose-dependent mechanism is mainly supported 

by the action of glucosyltransferases (GTFs).  GTFs are enzymes responsible for the 

conversion of sucrose to glucans.  Glucans aid the adhesion of bacteria to enamel 

surfaces, as well as bacteria to each other.  GTFs are produced by various species 

such as S. sanguinis S. mutans, S. sobrinus, Actinomyces spp., S. 

salivarius and Lactobacillus spp.  S. mutans generate around 3 genetically separate 

GTFs, each of which produces a structurally different glucan from sucrose.  This 

S.mutans unique capability of producing three distinct enzymes to act on the same 

substrate like sucrose to produce polysaccharides supports the role of S. mutans in 

plaque formation (Bowen and Koo, 2011). Moving to the sucrose-independent 

hypothesis, salivary agglutinins (SAG), a glycoprotein found in saliva is responsible 

for binding S. mutans to AEP.  This interaction by the I/II antigen was identified in the 

S. mutans wall.  

 

1.1.6 Management of caries 

Prevention regimes are considered important tools to control and/or prevent dental 

caries.  There are many prevention guidelines, policies and documents released to 

guide both dentists and parents.  The Scottish dental clinical effectiveness program 

SDCEP published a document on prevention and management of dental caries in 

children in 2010 (Scottish Dental Clinical Effectiveness Programme, 2010).  Earlier, 

in 2008, the UK Department of Health published a document known as ‘delivering 

better oral health: an evidence based toolkit for prevention’ (Munday, 2008). The 

prevention of dental caries involves mainly fluoride, toothbrushing, dietary advice and  

the application of fissure sealants. 
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Fluoride is widely known for its remineralisation effects.  The role of remineralisation 

is explained by the adsorption of fluoride to enamel surfaces to form fluorapatite 

crystals.  Moreover, fluoride has a role in inhibiting the metabolism of plaque bacteria 

(Marquis, 1995) which results in obstructing bacterial acid production. However, 

studies have shown that fluoride’s effect in re-mineralisation and thus caries 

prevention is more than its effect on bacterial inhibition. Many articles in the literature 

provide evidence on the effectiveness of brushing with fluoride toothpaste in 

preventing caries in children. Similarly, there is strong evidence that fluoride 

toothpastes containing less than 1000ppm of fluoride are ineffective in controlling 

caries.   Research demonstrated that toothpastes containing at least 1000ppm of 

fluoride increase caries prevention by 23% when compared to placebo (Walsh et al., 

2019).  Flouride varnish application has a clear role in caries reduction when applied 

to primary and permanent dentition twice yearly. Thus, caries was reduced by 37% 

in primary dentition and 43% in permanent dentition (Marinho et al., 2013).  

Fissure sealant application on the occlusal surface of posterior teeth aims to prevent 

dental caries.   In 2013, Forss et al. concluded that children who had fissure sealants 

are less likely to have dental decay than others without fissure sealants (Forss et al., 

2013). Similarly, dietary advice is an important tool in the prevention of caries, 

especially for children who consume large amounts of sugars in high frequencies. 

Recent studies showed that diet advice can be more effective in preschool children 

compared to older children (Kay et al., 2016). In addition, the WHO, released a 

document highlighting the important role of dentists in providing dietary advice in aims 

of preventing dental caries and their task in promoting a healthy balanced diet 

(Moynihan et al., 2018).  

When prevention of dental caries fails, children are exposed to pain and infection. 

Premature loss of primary teeth can lead to loss of vertical dimension, tongue thrust 

and mouth breathing (Zou et al., 2018), which can potentially result in malocclusion 

in the future.  Therefore, it is very important to stop caries progression by means of 

dental restoration. 

There are many schools of thoughts regarding caries management.  These range 

from complete caries removal, partial caries removal, a stepwise excavation and a 

biological approach.  Recently, research is more focused on the biological approach 

in caries management.  This approach is best described as a ‘seal it in’ approach with 

minimal or even no caries removal.  This technique prevents pulp exposure, and 
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hence, root canal treatment can be avoided.  The Hall technique is one of the well-

known biological approaches in the paediatric field and named after the inventor, Dr 

Norna Hall (Ricketts et al., 2013).  The non-invasive Hall technique can be explained 

by the process of seating Preformed Metal Crown (PMC), without caries removal, 

tooth preparation, LA and rubber dam placement.  A randomised control trial used a 

split mouth technique in paediatric patients (conventional vs Hall). The study 

concluded that the Hall technique was preferred by patients and clinicians and less 

major failure were seen in the biological hall technique compared to conventional 

method (Innes et al., 2015).  Another biological approach is sealing early caries with 

fissure sealants.  This approach also showed success, but it is technique sensitive 

and requires careful candidate selection (Carvalho et al., 2016).  

As for the conventional approach, complete caries removal can be demanding in the 

management of paediatric patients, especially with limited co-operation. Moreover, 

the risk of pulp exposure in complete caries removal could potentially complicate the 

dental treatment.  On the other hand, Ricketts et al. stated that partial caries removal 

reduced pulp exposure by 77% (Ricketts et al., 2013).  In addition, single-visit partial 

caries removal has been shown to have more advantages than the two-visit stepwise 

approach in primary dentition (Ribeiro et al., 2012).  The one-visit approach showed 

less infection when compared to two visit approach (Maltz et al., 2013).  Generally, 

the success of partial caries removal is not dependent on the method of caries 

removal nor the material used.  It is the ability to create a good seal, preventing 

ingress of bacteria and arresting the growth of caries (Casagrande et al., 2013).  

There are many restorative materials in the market such as composite, amalgam, 

glass ionomer cement, resin modified glass ionomer cement and compomer that 

allow dentists to achieve this good seal.  However, incorporation of antibacterial and 

remineralisation properties to the dental material to achieve a good seal is the new 

centre of interest.  In the next section, I will review the advantages and disadvantages 

of different restorative materials, then concentrate on composite material as it’s the 

focus of this research. 
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1.2 Dental materials  

 

1.2.3  Amalgam  

 

Dental amalgam is mercury mixed with dental alloy of silver, copper, tin, and zinc. 

This mixture produces three phases.   The first phase is the unreacted silver-tin 

gamma phase.  Next, the silver-tin gamma reacts with mercury and forms the gamma-

1(Ag2Hg3) and gamma-2 phases.  Since the gamma 2 phase causes restoration 

failure, copper was added to prevent gamma 2 phase and hence prevent restoration 

fracture.  Dental amalgam is a very strong and versatile dental material which has 

been used for more than 150 years (Rathore et al., 2012).  

 

Although dental amalgam is cheap, strong, wear-resistant and durable, it has some 

drawbacks.  First of all, it is grey silver in colour, therefore, it is not the choice of 

material if aesthetics is highly required.  Secondly, it does not adhere to the tooth 

surface and so, mechanical interlocking is required.  Thirdly, it is not conservative as 

the removal of healthy tooth structure is often required in order to produce favourable 

restorative retention.  Fourthly, it contains mercury which is toxic and can potentially 

have an effect on the entire body (Van Noort and Barbour, 2014) 

 

The Minamata Convention on mercury is a contract to safeguard human health and 

the surrounding environment globally from the undesirable outcomes of mercury.  It 

was first published on the 19th of January 2013 in the fifth session of the 

Intergovernmental Negotiating Committee on mercury in Geneva, Switzerland. The 

European Parliament agreed on the 14th of March 2017 to publish the final version of 

its Regulations on Mercury.  Dental amalgam was part of this discussion, and it was 

agreed to limit the use of amalgam for certain cases.  It is not allowed for the treatment 

of primary teeth, children under 15, pregnant or breastfeeding women.  Furthermore, 

practitioners should ensure that amalgam waste is carried by an authorised waste 

company.  In addition, amalgam should only be used in its encapsulated form and 

amalgam separators must be used when amalgam filling is placed or removed 

(Mackey et al, 2014). The European legislation was in support of the Minamata 

convention, which concluded the need to limit the use of amalgam by June 2020 and 

completely phase out it by 2030. 

 

Several European countries have lowered the use of amalgam and the United 

Kingdom is one of these countries.  In addition, some countries have completely 
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phased out amalgam as dental material, like Norway and Sweden where amalgam 

use was stopped in 2011 and 2009 respectively.  Approaches to phase down dental 

amalgam have been carefully considered to gradually eliminate this material.  One of 

the approaches to eliminate the use of amalgam in the long run is the use of mercury 

free resin composite material.  

 

1.2.2 Glass Ionomer Cement  

 

Glass Ionomer Cement (GIC) is a type of acid–base cement.  According to the 

International Standards Organization, Glass Polyalkenoate cement is the accurate 

name but GIC is widely used between dental professionals (International Standards 

Organization, 2007).  GIC was first introduced by Wilson in 1972 and comprises of 

three main ingredients: polymeric water-soluble acid, basic glass and water (Wilson, 

1972).  It is manufactured as a water-based solution of polymeric acid and glass 

powder, when mixed together gives a viscous paste that sets rapidly.  GIC can 

present in a capsule where the powder and liquid are separated by a membrane.  

This membrane breaks when the capsule is placed in an auto-mixer for several 

seconds according to the manufacturer recommendation.  Then, the GIC can be 

squeezed out of this capsule and placed intraorally.  Alternatively, GIC can be mixed 

manually using a spatula in a pad or glass block (Sidhu and Nicholson, 2016).  

 

Every dental material has advantages and disadvantages. Starting with the 

advantages, GICs initially release fluoride rapidly, then followed by a steady slower 

release for a longer period of time.  This is known as the buffering process because 

it benefits against recurrent caries.  This process follows the outline shown in this 

equation: [F]c = ([F]1 ×  √t)/(t + t1/2)  + β · √t  (De Moor et al., 1996).  The adhesion 

of GIC to the surface of the tooth is another advantage.  This adhesion forms by 

micromechanical interlocking of the restoration and tooth surface and true chemical 

bonding between the carboxylates groups in the polyacid molecules and calcium ions 

in the tooth surface (Ngo et al., 2006).  Furthermore, GIC improves its mineral 

concentration and hardening by uptaking ions such as calcium and phosphate from 

the saliva (Ngo et al., 1997).  As a result, when GIC is used as a sealant, a hard layer 

deep within the fissure is formed to make GIC resistant to fractures.   GIC can be 

used as a material of restoration for primary dentition, liners and bases under filling 

material, fissure sealant, bonding agent for orthodontic brackets and in class V 

restorations.  In addition, GIC is the material used in the Atraumatic Restorative 
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Technique (ART). This technique has been developed by the WHO to provide dental 

care in low economic countries (Frencken et al., 2012). 

 

Moving to the disadvantages, GIC’s colour is not stable, and it picks up stains that 

make the restoration less aesthetic.  Secondly, in comparison with other restoration 

materials such composites and amalgam, GIC has a lower tensile and compressive 

strength (Sidhu and Nicholson, 2016).  Moreover, GIC’s low flexure strength and high 

modulus of elasticity make it brittle and prone to bulk fractures.  Another disadvantage 

of GIC is that it is not suitable for Class II restoration in primary dentition.  The reason 

behind this is its poor anatomical form and marginal integrity.  Thus, composite 

restoration has been shown to be more successful than GIC in this situation.  

 

1.2.3 Resin Modified Glass Ionomer Cement 

 
One of the most important developments in GIC is the introduction of Resin Modified 

Glass Ionomer Cement (RMGIC).  The addition of photopolymerizable resin to the 

liquid polyacid component makes the setting reaction slower and controllable by the 

light cure.  Once the resin hardens, the chemical reaction starts to set the glass 

ionomer.   RMGIC can be used in class I, class II and class III restorations. Moreover, 

RMGIC is known as preventing post-operative sensitivity if placed under resin 

restoration.   In permanent dentition, RMGIC can be used as a liner, Class V 

restoration and as a bonding agent for orthodontic brackets (Sidhu and Nicholson, 

2016).  Its antibacterial action and fluoride release prevent ingress of bacteria in the 

dentinal tubules.  Another advantage is that the hardness, fracture resistance and 

wear resistance are all superior in RMGIC. RMGIC is available as disposable 

capsules (photac-Fil,3M ESPE and Fuji II LC,GC) and in bottles for hand mixing 

(Vitremer , 3M , Fuji II) (Sidhu and Nicholson, 2016). 

 

One of the main disadvantages of RMGIC is the release of hydroxyethylmethacrylate 

(HEMA) monomer.  The HEMA monomer is capable of leaking into dentinal tubules 

and therefore irritates pulp tissue.  As RMGIC needs light cure devices, it is not 

recommended for use as an ART technique.  Moreover,due to the speedy setting 

reaction of RMGIC, there is limited time for mixing and shaping the material (McCabe 

and Walls, 2013). Therefore, an alternative material is indicated to combat these 

disadvantages.  
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1.2.4 Performed Metal crown 
 
Performed metal crowns are widely known restorative materials among paediatric 

dentists and it’s the material of choice for restoring carious primary molars.  They are 

composed either entirely out of stainless steel, a combination of stainless steel and a 

white veneer exterior, totally out of glass fibers or white ceramic.  All the types of 

performed metal crowns require the conventional approach of tooth preparation 

except Stainless Steel Crowns (SSC) which can be placed using the Hall technique 

as mentioned earlier in the caries management section.  

 

In 1945, SSCs were introduced by the Rocky mountain company and became popular 

in 1950 by Humphrey (Sajjanshetty et al., 2013).  Preformed SSCs can be placed and 

cemented to primary teeth and permanent teeth in children and young adults to 

provide permanent restoration.  They are known to be durable, inexpensive and not 

very technique sensitive.  Most importantly, they offer full coronal coverage.  

Regardless of the placement technique, conventional or biological, SSCs are the 

most reliable restorative material for primary molars.  On the other hand, the silver 

colour of SSC, can cause aesthetic problems.  This limits their use in posterior teeth 

only and should be avoided in ant the anterior teeth.  Although new white crowns 

have recently been released on the market, they are expensive and do not offer the 

advantages of SSCs as mentioned above. 

 

 

1.2.5 Compomers 

Compomers are polyacid-modified composite resins.  They were first proposed to the 

dental field in 1990. The name has been originally composed using the two 

components which form the product, which are composite (Comp) and glass ionomer 

cement (omers).  The purpose of their invention is to combine the strengths of 

composite and the release of fluoride from GIC to be pa used in Paediatric dentistry 

in particular.  Compomers are designed to be used in Class II, class V restorations, 

fissure sealants and as adhesive material for orthodontic uses.  Similarly to 

conventional composites, polyacid-modified composites cannot bond to teeth 

surfaces and would, therefore, require a bonding agent (Nicholson, 2007). 

Compomer setting is initiated by camphorquinone with an amine accelerator that is 

sensitive to blue light at 470 nm.  A unique feature of compomers is that moisture 

uptake occurs immediately after initial polymerisation.  Subsequently, a chemical acid 
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base reaction occurs between reactive glass and the acid group of the functional 

monomer to release fluoride in the oral cavity which may help in preventing caries.  

 

However, it has been proven that the process of water uptake caused adverse effects 

on the mechanical properties of compomers. Mechanical properties, especially 

strength is reduced in compomers by 40% compared to composite restorations.  In 

addition, polymerisation shrinkage of this material did not allow it to become 

widespread (Nicholson, 2007). 

 

1.2.5 Composite  

  

Mercury-containing dental amalgam restorations are being replaced by dental 

composites as the restorative materials of choice mainly because of the inherent 

aesthetic appeal of the latter and the long-standing controversy related to the toxicity 

of the former.  Composites are a mixture of two materials, in which one of the 

materials, called the reinforcing phase, is in the form of fibers, sheets, or particles, 

and is embedded in the other material called the matrix phase. The reinforcing 

material and the matrix material can be metal, ceramic, or polymer.  Composites are 

used because the overall properties of the composites are superior to those of the 

individual components.  Furthermore, dental composite materials continue to improve 

in strength, abrasion resistance, ease of application, translucency and polishability. 

 

As mentioned previously, dental composites have replaced dental amalgam mainly 

due to the mercury toxicity that dental amalgam delivers to the environment.  The 

history of composite restoration started from non-filled Polymethyl Methacrylate 

(PMMA) resins.  PMMA is a tooth-coloured restorative material, cheap, easy to 

handle and not soluble in oral fluids.  On the other hand, its main drawback is the high 

polymerization shrinkage that leads to marginal leakage, less wear resistance and 

high capability of thermal expansion (Leinfelder, 1997).  Therefore, the addition of 

filler particles to PMMA improved its mechanical and physical strength and reduced 

unfavourable material shrinkage.  In addition, Dr Bowen (1962) added Bisphenol A 

Glycidyl methacrylate (Bis-GMA) and Organo saline coupling agent to bond filler 

particles with the resin matrix (Bowen, 1963).  In the next sections, I will highlight 

composite components in more detail, including the setting reaction, mechanical and 

physical properties. 
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1.2.5.1 Resin matrix 

 
Resin is the key component of composite which primarily presents as a fluid 

monomer.  This fluid monomer then converts into a hard polymer after the setting 

reaction.   Bis-GMA is the most popular monomer used in posterior and anterior teeth 

composite restorations.   Another common monomer is Urethane DiMethAcrylate 

resin (UDMA).  However, to reduce the viscosity of BIS-GMA and UDMA resin, the 

low viscous TriEthylene Glycol DiMethAcrylate (TEGDMA) resin is added.  Another 

dilutant monomer is PolyPropylene Glycol DiMethAcrylate (PPGDMA) which can also 

be added to reduce viscosity and enhance texture (Van Noort and Barbour, 2014).  

 

1.2.5.1.1 Bis-GMA 

 
Bisphenol A glycidyl Methacrylate (Bis-GMA) is an organic, highly viscous resin 

monomer used widely in the composition of dental composites.  It is used alone as a 

bulk monomer or together with another monomer as explained above.  Bis-GMA has 

a high molecular weight (MW= 512.59) and is given the formula C29H36O8.  The 

formula contains two aromatic rings with suspended hydroxyl groups as shown in 

figure 1 (Van Landuyt et al., 2007).  The inter-molecular hydrogen bonding that link 

the hydroxyl group and the double aromatic rings are considered strong (Asmussen 

and Peutzfeldt, 1998).  Moreover, the high molecular weight of Bis-GMA promotes 

low polymerisation shrinkage and increases hardness (Shalaby and Salz, 2006).  

 

Bis-GMA is one of the derivatives of bisphenol A (BPA). Although BPA is not a 

component of any composite material, it can be a residual impurity in composites 

containing Bis-GMA.  In addition, it can be released through the action of salivary 

esterases.  Recently, there has been a lot of debate on Bisphenol A (BPA) materials. 

It has been shown that this material is able to bind to estrogen and estradiol, 

hormones, produced by ovaries and tests.  However, this exposure is very minimal, 

which is estimated as 2000 times below the minimum daily accepted limits set by the 

US Environment Protection Agency (EPA) and the European Food Safety Authority 

(EFSA) (Kingman et al., 2012; American Dental Association Council on Scientific 

Affairs, 2014) 
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Figure 1: Chemical formula of Bis-GMA 

 
 
1.2.5.1.2 UDMA 

Urethane DiMethAcrylate (UDMA) is an aliphatic high molecular weight bulk 

monomer consisting of two amine groups (─NH─).  Intermolecular Hydrogen bonds 

linked to amine groups cause an increase in the monomer’s viscosity.  Furthermore, 

the aliphatic molecule gives the polymers matrix great mobility and thus improving 

the level of conversion and the crosslink density of the polymeric matrix (Filho et al., 

2008).  UDMA molecular weighs MW= 470.563 and has a chemical formula of  

𝐶#$𝐻$&𝑁#𝑂&.  As UDMA molecular weight is lower than Bis-GMA, it shows less 

viscosity.  Moreover, composites containing UDMA instead of Bis-GMA show certain 

better characteristics such as better conversion, improved biaxial flexural strength 

and depth (Indrani et al., 1995; Walters et al., 2016). Additionally, UDMA polymer 

displays less water sorption and less discharge of unreacted particles are released 

when compared to Bis-GMA (Gonçalves et al., 2008).  This is due to the superior 

level of polymerisation, and the lower water affinity of the urethane group 

(─NHCOO─) of UDMA than the hydroxyl group of Bis-GMA.  Furthermore,  in in-vitro 

trials, UDMA has shown less cytotoxicity than Bis-GMA (Asmussen and Peutzfeldt, 

1990; Goldberg, 2008). 

UDMA has been extensively used in materials with two methacrylate end groups such 

as coatings, pultrusion processed, adhesives and dental materials.  The presence of 

two methacrylate end groups allows them to be cured via polymerisation.  The most 

common drawback is polymerisation shrinkage.  This can lead to marginal gaps and 

hence recurrent caries (Atai et al., 2007).  However, it has been stated that the use 

of  UDMA with PPGDMA in composite material has no or minimal effect in shrinkage 

or depth of cure (Walters et al., 2016).   
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Figure 2: Chemical formula of UDMA 

 

1.2.5.1.2 TEGDMA 

 
TriEthylene Glycol DiMethAcrylate (TEGDMA) is a well-known diluent monomer.  It 

has been used widely in dentistry.  It is an aliphatic hydrophilic monomer with a low 

molecular weight of 286g/mol and a viscosity of 0.05 PAs.  It has ester linkages (C-

O-C) in the formula.  It can be used as a diluent monomer with a bulk monomer such 

as Bis-GMA at a ratio of 20-50%.  This monomer combination can decrease the 

viscosity of the mixture and therefore increase the conversion.  However, an increase 

in conversion can lead to a rise in polymerisation shrinkage (Morgan et al., 2000; 

Pereira et al., 2005; Floyd and Dickens, 2006).  

 

Alarms over TEGDMA cytocompatibility have been discussed in the literature. 

Cytotoxicity on pulp fibroblast and stem cells was found when reacted with TEGDMA 

monomer.  This caused apoptosis, cell cycle delays and oxidative stress (About et 

al., 2002; Paschalidis et al., 2014). 

 
Figure 3: Chemical formula of TEGDMA 
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1.2.5.1.3 PPGDMA 

 
Polypropylene glycol (PPG) is a polymer of propylene glycol, known as a polyether. 

It is a dilutant monomer, however a review of the literature revealed that PPGDMA is 

not widely used in dental materials.  In spite of this, PPGDMA has a higher molecular 

weight than TEGDMA which makes it more flexible.  Moreover, it has a lower double 

bond, which in turn increases its flexibility. Consequently, this feature enables 

improved conversion when cured.  In addition, it showed less cytotoxicity when 

compared with TEGDMA monomer (Walters et al., 2016).   

 
Figure 4: Chemical formula of PPGDMA 

 

1.2.5.2 Filler particles  

 
Dental composites are classified according to their filler particles size.  The important 

role of filler grains is to decrease polymerisation shrinkage and increase colour 

opacity.  Fillers can present as microfillers, hybrid, nanofillers and macrofillers.  

 

1.2.5.2.1 Macrofiller composite 

 
In the 1950s, macrofilled composites were first revealed in the dental field (Phillips 

and Anusavice, 2013). They were discovered after mechanical grinding of large units 

of quartz and ceramics into smaller particles.  Christallyne quartz particle size ranges 

from 0.1μm to 100 μm, added to composite material no more than 70-80% by weight 

(Klapdohr and Moszner, 2005).  This enhanced composite characteristics when 

compared with unfilled resin.  Macrofilled composite is very hard material, this is 

because of the large filler particles that do interact with each other and so increase 

the mechanical properties.  Therefore, they are commonly used as bulk composites 

in stress bearing areas (Sideridou et al., 2009).  Moreover, macrofilled grains are very 

hard and difficult to abrade.  Consequently, the polymer wears out, leaving the 

composite surface with exposed filler particles that result in abrading opposing teeth.   
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Furthermore, due to surface roughness, this makes it more prone to pick up stain and 

discolour. The figure below shows irregular, large macrofilled particles (figure 5).  

 

 

 

 

 

 

 

 

 

 

1.2.5.2.2 Microfilled composite  

 
Microfilled composites were first introduced in the 1970s.  The main reason for the 

invention of these particles was to improve polishibility, and hence the appearance of 

composite material.  Silica filler particles sizes range between 0.01 - 0.05 μm with an 

average of about 0.02 μm and filler content of 35% by weight.   Filler particles contents 

can increase by 50% to 60% by weight (Ferracane, 1995; Van Noort and Barbour, 

2014).  Silica grains are able to produce a smoother, more aesthetic composite 

surface.  However, hardness and stiffness of microfilled composite is poorer than 

quartz macrofilled composite. Accordingly, microfilled composites are not 

recommended for the use in posterior teeth restoration or in stress bearing areas. 

Another disadvantage is that the translucency of microfilled composites restricts their 

use in anterior teeth (Ferracane, 2011).  The figure below shows microfilled 

composite with small size filler particles.   

 

 

 

 

 

 

 

 

 

 

Figure 5: Microfilled composite 

Figure 6: microfilled composite 
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1.2.5.2.3 Hybrid composite  

 
Hybrid composites, as the name implies, are a mixture of medium and small filler 

grains, and therefore, combine the features of both microfilled and macrofilled 

composites.  In hybrid composites, medium sized filler particles are mixed with 

microfillers to improve handling on one hand and increase mechanical and physical 

strength on the other hand.  The broad range of particle sizes results in high filler 

loading and increase strength.  Particle sizes range between 15 - 20 μm and 0.01   

0.05 μm (Sideridou et al., 2011).  The figure below shows the combination of both 

miro and macro filler particles in hybrid composite.  

 

 

 

 

 

 

 

 

1.2.5.2.4 Nanofilled composite 

Nanotechnology has been involved in the invention of nanofilled particles.  They are 

made of zirconium/silica or nanosilica particles that range between 20 to 75 nm in 

size.  These composites also contain nanoaggregates of around 0.6 - 1.4 μm.  To 

ensure bonding of these aggregates to the resin, saline is added.  The concentration 

of nanoparticles is quite high in these composites, estimated to be around 75% by 

weight (Mitra, Wu and Holmes, 2003).  Due to the size of these particles (considered 

the smallest), polymerization shrinkage is increased, and mechanical properties such 

as tension, compressive strength and fractured resistance are reduced (Moszner and 

Salz, 2001; Moszner and Klapdohr, 2004; Ferracane, 2011). 

1.2.5.3 Coupling agent  

 
As mentioned previously, early composite lacked coupling agents that bond resin with 

filler particles.  Generally, saline coupling agents are used to advocate adhesion 

between different materials.  The saline coupling agent used in dentistry consists of 

a silanol (Si- OH) group and a methacrylate group (containing C=C) on either end of 

its molecule (Matinlinna et al., 2007).  Therefore, these molecules bond to silicon-

Figure 7: Hybrid composite 
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oxygen groups in the silica-based fillers and the methacrylate groups of the resin 

matrix.  Moreover, coupling agents improve mechanical and physical properties of 

composites by reducing hydrolytic breakdown and allowing stress breakdown 

between the filler and the resin (Rosen, 1978). 

 

 

                             
Figure 8: Saline bonding to filler particle and resin matrix 

 

1.2.5.4 Initiators and activators 

 
1.2.5.4.1 DMAEMA  

 
2-(N,N-dimethylamino)ethyl methacrylate (DMAEMA) is a co-initiator in dental 

composites and its chemical formula is 𝐶))𝐻)&𝑁#𝑂#.  N,N-dimethyl-ptoluidine (DMTP) 

is another co-initiator used in adjunct with DMAEMA.  They are used in combination 

with type II photo-initiators like Camphorquinone (CQ).  These co-initiators are able 

to provide protons to the excited initiator particles to form free radicals (Walters et al., 

2016).   Moreover, DMAEMA delivering a methacrylate group could provide enhanced 

biocompatibility by co-polymerising with methacrylate monomers.  In this matter, CQ 

with DMAEMA is the most frequently used photo-initiator system (Guo et al., 2008; 

Ye et al., 2009).  

 

 

 
 Figure 9: Chemical formula of DMAEMA 



 35 

 

1.2.5.4.2 Camphoroquinone  

Light activation is the most popular method of curing dental composites. 

Camphorquinone (CQ) is an alphatic 𝛼-diketone photo-initiator. Its chemical formula 

is 𝐶)+𝐻),𝑂# and has a molecular weight of 166.22.  Dental composite resin is cured 

through a free radical addition polymerisation reaction (Cook, 1992).  A photo-initiator 

is added to all composites to facilitate polymerisation reaction over light activation. 

Monomer polymerization uses light to dissociate initiator particles into free radicals. 

Free radicals then interact with the double bond in the monomers and crosslink them 

(Pyszka et al., 2004). 

CQ absorbs light in the visible region 467 nm and in the ultraviolet region at 200 - 300 

nm.  In the past, UV light was used to cure dental composites. However, it showed 

low depth of cure.  As a consequence, it has been replaced with light emitting diodes, 

a high intensity visible light resource.  When CQ absorbs light, it formulates two states 

known as 𝐶) * and 𝑄$ *.  Then, the electrons are transferred between the two states 

and amine to produce exiplex. Exiplex forms free radicals which trigger 

polymerisation as mentioned above (Shima and Sakai, 1981).  

At room temperature, CQ is a crystalline powder with limited solubility in water 

(Kamoun and Menzel, 2010).  Major downsides of CQ is its yellowish - brownish 

colour.  Although it is added to the composite in small concentrations (0.03 - 1%), it 

still influences the colour of the resin.  After light curing, the yellow colour fades away, 

but in certain circumstances, like in inadequate curing, the remaining yellowish 

discoloration could potentially cause problems in colour matching (Alvim et al., 2007). 
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Figure 10: Chemical formula of CQ 

 

1.2.5.5 Adhesion promoting monomers  

 
1.2.5.5.1 4-META  

 
4-Methacryloxyethyl trimellitic anhydride (4-META) is an acidic monomer which 

presents as a crystalline powder.  4-META has a chemical formula of 𝐶).𝐻)#𝑂/	and a 

molecular weight of 304.25.  It was first discovered in 1978 and presented as an 

upgrade in bonding technology.  It was shown that 4-META significantly improved 

adhesion to tooth structure when compared to previously used adhesives (Atsuta et 

al., 1982; Chang et al., 2002; Van Landuyt et al., 2007).  Demineralization is another 

property of 4-META.  When the 4-META crystalline powder is mixed with water, a 

rapid hydrolysis reaction occurs.  This creates the chemical formula of two carboxylic 

groups attached to the aromatic group.  After that, these groups will release acid and, 

hence, can trigger off demineralisation.  Both groups work against each other as one 

is hydrophilic, and the other is hydrophobic.  However, 4-META remains partially 

hydrophilic, which improves its wetting features.  Another feature is the ability of 4-

META to bond to calcium in the hydroxyapatite crystals (Unemori et al., 2003; Van 

Landuyt et al., 2007).  

 

Studies have shown that this monomer is highly soluble when mixed in acetone, 

moderately soluble in ethanol and poorly soluble in water.  However, esterification of 

the carboxylic groups with the hydroxyl group can occur, especially in acidic 

conditions when diluted with ethanol (Moszner et al., 2005; Van Landuyt et al., 2007).  
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Figure 11: Chemical formula of 4-META 

1.2.5.5.2 HEMA 

 
2-Hydroxy ethyl methacrylate (HEMA) is an aliphatic, low molecular weight monomer. 

Due to its interaction with tooth hard structures, it is frequently used in dental 

adhesives materials as a solvent and adhesion promoting agent.  It has a chemical 

formula of 𝐶1𝐻)+𝑂$ with a low molecular weight of 130.14 and is hydrophilic in nature 

(Lee and Mooney, 2001; Van Landuyt et al., 2005). The presence of the OH group 

indorses this hydrophilic feature.  The hydrophilic property improves wetting and 

increases the penetration efficiency and bonding to the tooth structure (Nakabayashi 

et al., 1982; Nakaoki et al., 2000; Toledano et al., 2004).  Moreover, the presence of 

the hydroxyl group (OH) promotes high water sorption in composites.  Thus, its 

hydrophilic property promotes the release of particles such as antibacterial agents in 

aqueous surroundings (Mehdawi et al., 2009).  

 

On the other hand, adhesives with high concentration of HEMA are susceptible to 

water contamination.  In addition, uncured HEMA absorbs water.  This leads to halting 

of the polymerisation process (Tay and Pashley, 2003).  However, when it is cured, 

poly-HEMA also attracts water and forms a hydrogel which weakens the mechanical 

strength of the material. Therefore, careful percentage of HEMA should be 

considered when it is added to the composite material (Hosaka et al., 2010). 
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Figure 12: Chemical formula of HEMA 

1.2.5.6 Composite properties  

 
1.2.5.6.1 Pigment and colour stability 

 
As pointed out previously, resin composites are capable of approximating the colour 

of teeth.  A variety of shades and translucencies are available in a shade guide to 

allow clinicians to choose from.  Moreover, two or more different colours of 

composites can be mixed or layered above each other to reach the desired tooth 

colour.  The colour mismatch between the filling and the tooth is one of the main 

reasons for filling replacement (Villalta et al., 2006).  Composite restoration can be 

stained easily by coloured food and drinks.  Moreover, deficient resin polymerisation 

leads to absorption of colour from the surroundings ( Mutlu-Saǧesen et al., 2005). 

Since hydrophilic resin composites absorb more water than hydrophobic ones, 

hydrophilic stains are readily soluble in aqueous solutions and penetrate easily into 

materials.  On the other hand, hydrophobic resin composites exhibit superior colour 

stability and resistance to colour change (Dietschi et al., 1994; Satou et al., 1989; 

Villalta et al., 2006). 

 

1.2.5.6.2 Surface gloss  

Material gloss is the ability of the material to reflect light.  It is the angle of reflection 

that enhances material gloss (Ardu et al., 2009).  However, mechanical wear to 

composite material causes surface roughness that affect the gloss properties of the 

composite restoration (Choi et al., 2005; Heintze et al., 2006).  Furthermore, gloss is 

affected by the filler particles sizes and filler-matrix ratio.  The smaller the filler 

particles, the glossier the material will be (Lee et al., 2005).  Overall, materials that 

have a high gloss have a better aesthetic appearance (Campbell et al., 1986). 
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1.2.5.6.3 Water sorption and solubility  

Composite chemical composition and different environmental exposures determine 

the mechanical properties of the composite.  For instance, ingress of water and the 

presence of saliva and contamination in the oral cavity act as corrosive elements 

(Söderholm et al., 1984).  This process of corrosion causes debonding of the 

composite filling from the tooth surface, cracking of the matrix, superficial flaws, filler 

dissolution and dislodgment of filler particles (Lundin, 1990).  The accumulation of 

water in the filler matrix interface results in the hydrolytic breakdown of the bond 

between the saline and the filler particles.  Moreover, the effect of solvents and 

temperature fluctuations are also responsible for composite filling debonding.  There 

is a positive correlation between temperature and water sorption.  The higher the 

temperature, the quicker the water sorption and hence a higher risk of filling failure 

(Sideridou et al., 2003). 

1.2.5.6.4 Fracture toughness 

Composite restoration fracture is considered the main clinical failure (Van Dijken, 

2000).  To determine the brittleness of the material, it is worth inspecting its fracture 

toughness (KIC), which is a representative measure in vivo.   The higher the value 

KIC the less the risk of fracture (Lloyd and Adamson, 1987; Atai et al., 2012). KIC 

measures the stress at the tip of the crack.  This shows that a fracture is more likely 

to occur between the matrix and filler particles rather than between the filler particles 

themselves (Fujishima and Ferracane, 1996).  This is due to the higher strength 

between the filler grains (Watanabe et al., 2008).  In addition, KIC can be affected by 

many factors such as filler load and size, chemical composition, degree of bonding 

between the filler, the matrix interface and the degree of conversion of the resin matrix 

(Fujishima and Ferracane, 1996).  However, KIC values in micro-filled resin 

composites is less than hybrid and nanofilled composites (Tantbirojn et al., 2003).  

Moreover, many composite materials have been tested when stored in a liquid 

environment (Beaumont and Young, 1975).  It showed that in the long term, the 

placement of resin composites in moist conditions like water, may cause unwanted 

effects (Lloyd and Iannetta, 1982).  This effect was demonstrated as a detachment of 

the bond interface between the matrix and the filler, softening of the resin matrix and 

migration of filler particles (Martos et al., 2003; Xu, 2003). 
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1.2.5.6.5 Hardness  

Hardness is defined as the material’s resistance to indentation (Yap et al., 2004). 

Vickers and Knoop hardness tests are commonly used by researchers to investigate 

the hardness of a composite material (Shahdad et al., 2007).  Hardness is one of the 

important properties of dental composites, linked strongly with many factors like 

compressive strength, wear resistance and degree of conversion (De Moraes et al., 

2008).  However, resin composite surface hardness can be affected by water sorption 

and hydrolytic degradation (Chadwick et al., 1990).  When bonding between the 

matrix and filler particles are weak, this indicates low hardness value.  

1.2.6.7 Composite failure 

 
After discussing composite components, setting reaction and main properties, it is 

valuable to summarise the advantages and disadvantages. Starting with the 

advantages, composite material is a tooth colour restoration.  As stated previously, it 

is available in many shades.  Therefore, aesthetics is not a problem especially in 

anterior teeth if the right shade is used (Folwaczny et al., 2000).  Another advantage 

is that dental composite is a conservative material.  This means that only limited tooth 

preparation is needed, and so there is no need for the dentist to create retentive 

structures nor remove healthy structures.  This benefit is a result of the 

micromechanical bonding system used to attach the material to the tooth structure 

(Demarco et al., 2012).  Moreover, composite is a less expensive alternative to dental 

crowns and can be used as an alternative procedure in many situations (Dejak et al., 

2012).  In addition, small composite failures such as small composite chipping can be 

repaired easily by adding to the broken part of the restoration, which is not possible 

with other materials like amalgam (Blum et al., 2014). Finally, composite light curing 

technique gives the dentist enough time to work.  

 

Moving to the disadvantages, composite material is expensive when compared to 

other materials.  Furthermore, placing composite material is technique sensitive and 

good operator skills and training are required.  Composite restorations placed without 

acid etchant and rubber dam are prone to fractures (Heintze and Rousson, 2012). 

Moreover, inadequate packing of the composite restoration creates gaps.  

Furthermore, the main drawback of composite is polymerization shrinkage.  When a 

void is formed as a consequence of polymerization shrinkage, microleakage will occur 

(Schneider, Cavalcante and Silikas, 2010).  The traditional composite does not have 
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any anti caries defence mechanism to protect the tooth structure and this result in 

recurrent caries.  It is important that composite restorations have as low 

polymerisation shrinkage as possible to prevent recurrent caries.  Although composite 

is an aesthetic restoration, with time marginal discolouration can occur especially 

after microleakage and ingress of bacteria (Mjör, Moorhead and Dahl, 2000).  

 

1.3 Factors influencing our choice of paediatric restorative material 
 

There are many factors that can influence our choice of restoration and type of 

treatment.  These factors include the anatomical changes between the primary and 

secondary dentition, medical history, age of the child and the patient’s cooperation 

towards the dental treatment.  The current available commercial restorative materials 

used in adults do not meet the demanded standard with regards to the behavioural 

management and anatomical variations. 

 

Behavioural management is delicate when it comes to infants, children, adolescents 

and patients with special needs.  The complex communication pathway requires a 

trained specialist paediatric dentist to manage the patient’s anxiety and lack of 

cooperation. The limited available time to accomplish certain treatments and 

inadequate mouth opening that affect moisture control, increase the need for new 

materials. 

 

The morphological differences between the primary and permanent dentition are not 

only limited to the size of teeth, but also to the shape and composition of the enamel, 

the dentine and the pulp.  These anatomical differences can potentially cause caries 

to progress more rapidly and dictate the use of unique materials for their 

management. 

 

With regards to the dental morphology in children, primary molars are more bulbous 

than permanent molars.  They are wider, more mesio-distally than bucco-lingually. 

Moreover, they have wider, flatter contact surfaces that are close to the gingiva.  

Furthermore, incisors are square in shape.  As for the dental composition, the enamel, 

which is the outer layer of the teeth, is thinner, and the prisms are narrower when 

compared to permanent teeth prisms.  The dentine is also thinner and less 

mineralised.  Dentinal tubules are smaller in diameter with lower permeability. 

Therefore, the amount of tooth structure available to bind to restorative material is 

limited, and hence adhesion can be compromised.  In addition, the pulps are 
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proportionally larger, the pulp horns extend occlusally, and there is only 2mm of hard 

tissue covering the pulp.  This causes caries to progress faster, and deep lesions are 

more likely to involve the pulp.  Moreover, light cure materials should be at least 2mm 

in thickness, which might not be possible in primary teeth.  Finally, complete caries 

removal might lead to pulp exposure and hence loss of tooth vitality.  This can be 

prevented with partial caries removal and placement of a restoration that has 

antibacterial properties.   

 

To conclude, the ideal paediatric restorative material should be convenient to both 

the dentist and the patient.  Therefore, the material should be easy to place, 

dimensionally stable, provide a good seal with the compromised moisture control.  

Moreover, it should ideally contain antibacterial and remineralisation properties.  

Lastly, the material placement should be rapid (bulk like placement),  aesthetic (white 

colour) and radiopaque.   

 

 Composite Amalgam RMGIC Compomer 
Aesthetics Excellent Poor Satisfactory Good 

Mechanical Good Excellent Poor Satisfactory 

Antibacterial None Yes No No 

Remineralisation None None Yes No 

Longevity Good Excellent Poor Satisfactory 

Table 1: Dental materials characteristics 

 

From the above table, it can be seen that amalgam has excellent mechanical 

characteristics.  However, the poor aesthetics of amalgam make it a not very suitable 

option as a dental restorative material for paediatric patients, and this is on the 

reasons behind the decline of its use. On the other hand, RMGIC has better 

aesthetics but unreliable mechanical properties.  Compomer has satisfactory 

properties, but composite surpasses it in appearance, mechanical properties and 

longevity.  To conclude, composite is the best choice of material available for 

paediatric patients. However, in order to prevent composite failure and to enhance its 

characteristics to meet paediatric needs, adjustments in the composite composition 

are needed.  
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1.3.1 Summary 
 

To overcome composite failure, it is beneficial to include antibacterial particles and 

calcium phosphate ions to prevent caries and enhance remineralisation.  There are 

many antibacterial particles and calcium phosphate ions that have been added to 

dental composites and tested in many studies.  In the next section I will explain most 

of the tested antibacterial and calcium phosphate compounds including the ones used 

in this study. 

 

1.4 Antibacterial agents in dental composites 

1.4.1 History  

50 per cent of dental restorations fail within 10 years, and it is estimated that dental 

composite can survive for an average of 7 years.  The main reason for restoration 

failure is recurrent caries (Zhang et al., 2014).  Composite replacement is very costly, 

taking into consideration that $46 billion is the yearly cost of restoring cavities in the 

US.  As stated earlier, composite is growing popular in the dental field, however, one 

drawback is that composite accumulates more plaque compared with other 

restorative materials.  This plaque biofilm with the ability to ferment carbohydrates 

and produce acid is responsible for dental caries.  One study showed that only 16 out 

of 129 cases of class I composite restoration survived beyond 5 years, and another 

study showed that recurrent caries in class II restoration was the major cause of 

failure.  Therefore, the growth of biofilm under composite restorations needs to be 

prevented in order to halt recurrent caries and improve the survival rate of the filling.  

Overall, there is little data on how to prevent or control secondary caries in the 

literature (Askar et al., 2020). To prevent this problem, integrating antibacterial 

compounds to dental composites may lower the risk of failure due to secondary 

caries.  Therefore, it is desirable and important to put an effort in developing 

bactericidal/ bacteriostatic composite materials.  In addition, this antibacterial property 

should be long lasting without having an effect on mechanical properties of the 

material (Leung et al., 2005).  

1.4.2 Chlorhexidine  

 

Chlorhexidine (CHX) is a wide spectrum antimicrobial agent active against both gram-

positive and gram-negative bacteria (Basrani, 2005).  The mechanism of action is 

explained as the positively charged chlorhexidine causes damage to the outer layer 
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of the cell wall by binding to its negatively charged surface.  CHX can act as 

bacteriostatic or bactericidal depending on its concentration.  Under low 

concentrations, potassium and phosphate leak out without complete damage to the 

cell wall (Lambert, 2002).  On the other hand, at high concentrations, CHX applies 

bactericidal effect by induces cytoplasm release from the cell wall.  Lastly, CHX can 

disturb bacterial metabolism by eliminating the motion of the carbohydrate 

phosphotransferase system (sugar transport system) and thus inhibiting acid 

production in certain bacteria (Jones, 1997). 

 

CHX is a widely used disinfectant and antiseptic in the dental field.  It has been 

included in prevention regimes and added in many toothpastes, mouthwashes, 

varnishes, sprays and gels.  Due to its antibacterial activity, CHX has been included 

to composite material in many studies to investigate the ability in addressing the 

problem of recurrent caries.  

 

One of the earliest studies on incorporating CHX to dental composite was carried out 

by Jedryschowski in 1983. He added different concentrations of chlorhexidine 

gluconate and chlorhexidine dihydrochloride to composite resin and glass ionomer 

cement.  He measured Streptococcus viridans and S.mutans, Lactobacillus 

acidophilus and Escherichia coli sp. growth for 4 days under different concentrations 

of CHX.  He concluded that bacterial metabolic activity was inhibited even with small 

addition of CHX.  However, chlorhexidine dihydrochloride showed better effect in 

maintaining mechanical properties of composite than chlorohexidine gluconate 

(Jedrychowski et al, 1983). 

A later article suggested that the addition of CHX to dental composite will affect the 

mechanical properties.  CHX can make composite restorations weaker, increase 

water sorption and increase surface porosity (Deligeorgi et al., 2001).  Therefore, 

CHX addition creates weak restorative materials that are prone to plaque 

accumulation. 

More recent studies have used Mesoporous Silica Nanoparticles (MSN) -containing 

chlorhexidine in dental composite formulations.  MSN had a role in controlling the 

release of chlorhexidine. One important property of MSN is that it does not affect the 

strength, surface roughness or the aesthetic aspect of the material.  Composites 

containing CHX alone showed more voids and surface roughness when compared to 
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those with added MSN.   Most importantly, MSN addition showed greater antibacterial 

effect than the control composite. (Zhang et al., 2014).  

Type I hypersensitivity reactions to CHX have been reported in the medical and dental 

fields.  These incidents suggest the possibility whether to limit or stop the use of CHX 

to prevent unwanted allergic reactions (Pemberton and Gibson, 2012).  Due to the 

weak mechanical properties of composite material when CHX is added and the 

occurrence of potentially dangerous hypersensitivity reactions, an alternative 

antibacterial agent is needed.  In addition, a recent review showed that CHX has 

antibacterial resistance activity after long-term use of oral CHX (Cieplik et al,. 2019). 

1.4.3 Polylysine  

 
Polylysine (EPL) (Poly-𝜀-lysine) (𝜀-PL) (PLS) is an antibacterial agent organised by a 

peptide bond between the e- amino and a-carboxyl groups of L-Lysine and it’s a 

polymer of lysine.  The initial production of PLS by natural fermentation was first 

defined by Shima and Sakai in 1977.   There are a few forms of lysine polymers, the 

position and chemistry can differ from one another.  PLS is classically formed as a 

homo-polypeptide of roughly 25 - 30 L-lysine residues.  In addition, Lysine has a 

molecular weight of 146.2 g/mol (Shima and Sakai, 1977).  Streptomyces albulus 

NBRC14147 produces PLS as a secondary metabolite.  This can be detected only 

when the fermentation broth has an acidic pH during the stationary growth phase 

(Yamanaka et al., 2010).  It is characterised as non-toxic, biodegradable and water 

soluble.  Its activity targets both gram-positive and gram-negative bacteria, yeasts 

and viruses  (Shukla et al., 2012; Ye et al., 2013).  According to Qing et al., PLS has 

a bacteriostatic effect by inhibiting growth of both gram-positive and gram-negative 

bacteria even at low concentrations (1-81g/ml).  Moreover, PLS has proven its 

stability under high temperatures of 80, 100, 121℃ (NI Qing-Yan,LI Yan,2008). 

 

The mechanism against pathogens is not fully understood, however, there are a few 

publications which confirm that PLS has antibacterial activity (Bo et al., 2016; Wei et 

al., 2018).  One study suggested a possible mechanism after visual investigation of 

E. coli treated with PLS under electron microscopy.  This experiment showed cell 

damage caused by cytoplasmic abnormalities after the electrostatic adsorption of 

PLS to the cell wall.  In addition, this test revealed that PLS with more than 10 L-lysine 

residues has antibacterial ability (Shima and Sakai, 1981).  Another study showed 

that E. coli O157:H7 cells lysed and experienced rough membranes when exposed 
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to PLS (Y. Q. Li et al., 2014).  Further tests showed  a decrease in spore germination 

rate and germ tube length of penicillium digitatum when exposed to PLS (Liu et al., 

2017).  Overall, researchers approved PLS’s ability to cause bacterial cell wall lysis.  

PLS has been used as a food preservative due to its known safety and antimicrobial 

activity (Chheda and Vernekar, 2015).  It is safe at levels of up to 50 mg/kg in food as 

stated by the US FDA (Food and Drug Administration).  In addition, the ministry of 

Japan has approved its safety for use.  There is a study that tested the metabolic 

profile and pharmacokinetic of PLS.  The study aimed to postulate a better 

understanding of the reason behind its non-toxicity.  It was concluded that when rats 

were given high concentrations of PLS up to 50000 mg/ml, PLS was excreted in urine, 

faeces or expired air (Hiraki et al., 2003).  Another study claimed that two generations 

of rats have not been affected by its use on different levels: reproduction, 

neurological, immunological function, growth or embryo development (Neda et al., 

1999).  

All of the previous research reveals that PLS is safe and stable with good antibacterial 

properties.  However, only a few published articles investigated the antibacterial effect 

of PLS when added to dental composite.  These papers are supervised by the 

inventor Professor Anne Young (Liaqat, 2015; Panpisut et al., 2016).  

To summarise, PLS formed after the fermentation of gram positive, aerobic non-

pathogenic bacteria called Streptomyces albulus and was first identified in Japan.  

The safety of PLS was approved by the FDA, who stated that PLS is safe at a level 

not exceeding 50 mg per kilogram.  In addition, PLS is water soluble, biocompatible, 

biodegradable and is a stable antibacterial agent.  It penetrates the cell wall of 

bacteria, cause abnormalities in the cytoplasm and hence induce bacterial death. 

Moreover, it is odourless, tasteless and pale yellow in colour.  These properties make 

it an excellent antibacterial agent.  

1.4.4 Quaternary Ammonium Methacrylate and Dimethylaminohexadyl Methacrylate 

 
Quaternary ammonium compounds are widely known antibacterial agents.  They are 

known in water treatment, medicine, healthcare products, food and textile products. 

They are positively charged polyatomic ions of the structure NR+ 4: R is the alkyl 

group and N is the aryl group (Makvandi et al., 2018).  This compound works through 

its ability to destroy bacterial cell wall by its lipophilic alkyl chain, which eventually 

leads to cell death.  Precisely, the mechanism of action is described as an 
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electrostatic interaction between the positively charged molecules and negatively 

charged bacterial cell wall (Kenawy et al., 2002).  Many studies showed that the 

length of the hydrophobic chains determines the antibacterial activity of the cationic 

monomers (Caillier et al., 2009).  Molecules work efficiently in destroying gram-

negative bacteria as their outer layer is lightly packed to promote infiltration of the 

polymer chain inside the cell.  On the other hand, gram-negative bacteria have a 

double membrane with an inner membrane of phospholipid bilayer, which protects 

the cell from degradation (Muñoz-Bonilla and Fernández-García, 2012).  To prepare 

Quaternary Ammonium Methacrylate, Menschutkin is used (Zeng et al., 2016).  In 

this methodology, primary, secondary and tertiary amines react with an alkyl/aryl 

halide (F. Li et al., 2014). 

 

In a study carried out by Zhang et al. in 2015, the authors determined that the addition 

of 3% 2-methacryloxyethyl phosphorylcholine (MPC) and 1.5 quaternary ammonium 

dimethylaminohexadecyl methacrylate (DMAHDM) to dental composite achieved 

protein repellent and antibacterial capabilities without compromising the composite 

mechanical structure.  This composite material was compared with commercial 

composite.  The composite with added MPC/DMAHDM had protein adsorption that 

was one tenth of that of the commercial composite.  In addition, MPC/DMAHDM 

composite had a greater reduction in biofilm growth than using MPC or DMAHDM 

alone (Zhang et al., 2015). 

 

Another study incorporated DMAHDM in a nanofiller composite containing 

amorphous calcium phosphate and microcapsules of poly(urea-formaldehyde). 

Triethylene glycol dimethacrylate (TEGDMA) and N,N-dihydroxyethyl-p-toluidine 

(DHEPT) monomers were included as well.  In vitro biofilm showed a decrease in 

bacterial load by 3 - 4 logs when compared to control. The test method included 

natural saliva diluted in glycerol to a concentration of 70%. The saliva underwent 

further dilution by 1:50 and then the biofilm was allowed to grow for two days. 

Sonication and vortexation methods were used on the composite discs to remove the 

biofilm layers.  Then, viable counts were done.  However, the authors concluded that 

further studies were required to check the long-term antibacterial effect of DMAHDM. 

Moreover, remineralisation effect of ACP and DMAHDM were not tested (Wu et al., 

2015; Walters et al., 2016).  
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1.4.5 Silver 

 
Silver is a well-known antibacterial agent that has been incorporated in dental and 

medical materials, equipment and devices to limit or reduce bacterial growth (Yoshida 

et al., 1999). Nanotechnology is creating advances in many scientific grounds 

including dentistry.  Silver materials are remodelled into nanometric sizes with the 

aim of producing new properties of the material.  Silver ions bind to the thiol group of 

bacterial DNA protein and hence stop bacterial protein synthesis (Kawashita et al., 

2000). 

One of the earliest studies examined long lasting bactericidal activities of silver when 

combined with dental composite. Novaron (N) and Amenitop (AM) silver particles 

were incorporated into TEGDMA-UDMA- based light activated composite. The test 

showed that both silver particles inhibited the growth of S. mutans and there were no 

differences in levels of the silver released after one day and after 6 months of soaking 

in water.  In addition, Novaron (N-5) showed no significant change in compressive 

and tensile strength of composite compared to control.  On the other hand, Amenitop 

(AM-7) displayed a noticeable reduction in compressive and tensile strength (Yoshida 

et al., 1999). 

A more recent study evaluated the bacterial inhibition of 1% nano-silver particles in a 

flowable composite compared with a control 0% nanoparticles.  Discs of both 

formulations were immersed in a liquid culture media of S. mutans and Lactobacillus 

sp. and were incubated at 37C for 8 hours.  The authors concluded that the total count 

of S.mutans and Lactobacillus sp. in the silver-added composite was reduced by 90% 

(Kasraei et al., 2014). 

Another recent study incorporated silver sodium hydrogen zirconium phosphate 

(SSHZP) of 1%, 4%, 7 %, 10%, 13% and 16 % concentrations to methacrylate 

monomer, salinized glass and silica fillers.  The objective of this experiment was to 

determine if the material resulted in a reduction in the viability of S. mutans, Vickers 

microhardness, compressive strength, diametral tensile strength, flexural strength, 

flexural modulus, sorption, solubility, degree of conversion and colour stability.  Test 

results demonstrate that higher concentrations of SSHZP showed bacterial reduction 

and no statistically significant change in compressive strength, diametral tensile 

strength, flexural modulus and solubility.  Conversely, the degree of conversion, 

flexural strength hardness (reduced), solubility (rise) and colour stability were 

questionable (Stencel et al., 2018). A major disadvantage of silver-incorporating 
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composites is colour stability.  Many studies have proven this drawback (Van der 

Burgt and Plasschaert, 1985).  Another important questionable aspect to be studied 

is the toxicity and biocompatibility of sliver nanoparticles.  As these nanoparticles 

might have unique toxicity mechanisms, especially when used in large quantities 

(Chen and Schluesener, 2008).  In addition, the antibacterial effect of silver has been 

shown to have a short period of action, so it is not worth compromising the restoration 

colour with limited antibacterial effect (Yamamoto et al., 1996). 

1.4.6 Triclosan  

 
Triclosan (2,4,4’-trichloro-hydroxy-diphenylether) has been used since 1972 as an 

effective antibacterial agent and is incorporated in many dermatological preparations, 

toothpastes and mouth rinses.  Triclosan is active only against gram-positive bacteria.  

Consequently, many studies added triclosan as an antibacterial particle in novel 

composite (Rathke et al., 2010).  

Triclosan works by blocking the enzyme responsible for fatty acid production in 

bacteria which is enoyl-acyl carrier reductase (ENR), thus obstructing cell membrane 

formation (Rathke et al., 2010). 

A recent study revealed that triclosan reduced bacterial biofilm formation without 

disturbing composite mechanical properties.  The combination of dental composite 

and triclosan methacrylate material showed a significant drop in live S. mutans (De 

Paula et al., 2019). 

The major disadvantage of triclosan is bacterial resistance.  Several studies have 

agreed that triclosan may encourage the occurrence of bacterial resistance.  One 

study stated that, as triclosan’s mode of action is similar to that of antibiotics eg. 

triclocarban, bacteria will be resistant to both triclosan and antibiotics.  In March 2010, 

the European Union banned the addition of triclosan to food.  Furthermore, in August 

2009, the Canadian Medical Association raised a concern to the Canadian 

government to stop triclosan usage in home products in order to prevent bacterial 

resistance (Lee, 2015). 
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1.4 Contribution of Calcium phosphate in dental composites  

 
1.4.1 History  

Dental enamel consists of 90% of hydroxyapatite crystals, a calcium/ phosphate ion. 

However, enamel crystals are prone to demineralisation.  Remineralisation is known 

as the process of mineral supply of calcium and phosphates ions of demineralised 

enamel crystals.  Saliva has a great remineralisation potential, due to its ability to 

supply calcium and phosphate ions in the oral cavity.  However, saliva alone is not 

enough to combat the mineral loss.  Therefore, external calcium, phosphate and 

fluoride ions are required to promote re-mineralisation (Larsen and Pearce, 2003; 

Cochrane and Reynolds, 2012).  

Recent studies have incorporated calcium phosphate ions into composites to boost 

re-mineralising action.  Furthermore, the application of such materials may provide 

feasible means to extend the longevity of material dentine interface (Pires et al., 

2020).  However, calcium phosphate molecules need to be more soluble than the 

hydroxyapatite crystals in order to be released from the dental composite.  The lower 

concentration of calcium phosphate the higher the solubility (Vallittu, 2012). 

1.4.2 Hydroxyapatite  

 

Hydroxyapatite (HA) is the main component of dental enamel as mentioned 

previously.  It is the most stable calcium phosphate and has a CA/P concentration of 

1.67.  On the other hand, it is the least soluble calcium phosphate material.  HA 

gained attention in the biomaterial field due to its similar characteristics to human 

bone material, bioactivity and osteoconductive properties.  Currently, HA has gained 

popularity due to its contribution in bone healing (Pokhrel, 2018).   

There are two main methods to prepare hydroxyapatite:  the wet method and the solid 

method.  The wet method is simply a dissociation of calcium phosphate from a 

reactant that contains calcium and phosphate molecules.  The solid method is 

basically a mixture of two materials that consists of calcium and phosphate under 

high temperatures.  For example, calcium carbonate and calcium phosphate can be 

mixed together at 1100 C for at least one hour (Rhee, 2002).  
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Figure 13: Chemical formula of hydroxyapatite 

1.4.3 Amorphous calcium phosphate 

Amorphous calcium phosphate (ACP) is a glass like material with a variable 

chemistry.  It has a chemical formula of 𝐶𝑎5 𝐻6  (𝑃𝑂,)z.n𝐻#O.  However, the ‘n’ values 

depend on the pH during production, as it can range between 3 to 4.5.  Therefore, 

calcium phosphate values range from 0.67 to 1.50 (Habraken et al., 2016).  

It has been demonstrated that composites containing ACP release calcium and 

phosphate ions.  This release of ions increases in an acidic environment.  

Accordingly, this feature can aid remineralisation of enamel (Langhorst et al., 2009). 

However, unstable amorphous calcium phosphate was produced in the form of two 

separate materials.  Calcium and phosphate are introduced separately and mixed 

with the saliva.  Then, the unstable mixture turns into a more stable material like 

hydroxyapatite and fluorapatite (Cochrane et al., 2010).  One drawback of ACP is its 

low biaxial flexural strength, as it rarely reaches more than 50 MPa (Skrtic and 

Antonucci, 2011).  One study suggested that combining soluble mono calcium 

phosphate mono hydrate (MCPM) with β- tri calcium phosphate (TCP) will overcome 

this problem.  The MCPM and TCP combination promotes water absorption, and thus 

create a material called brushite that has a larger volume than the primary phosphate 

ions.  Brushite, therefore, fills material gaps by the components released (Skrtic and 

Antonucci, 2011). 

Moreover, Casein, a milk protein has the competence to stabilise ACP ions.  This 

remineralisation discovery is based on the fact that casein phosphopeptide stabilises 

amorphous calcium phosphate (CPP-ACP).  This complex is available in a chewing 

gum in the USA market known as trident extra care and a dental cream called tooth 

mousse.  This complex will increase the bioactivity of calcium and phosphate ions in 
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the oral cavity and thus promote remineralisation potential.  It has been concluded 

that CPP-ACP can be used beside fluoride for enhancing remineralisation (Cochrane 

and Reynolds, 2012).  The figure below shows ACP formation (Figure 15). 

 

 

Figure 14: ACP formation, (Vecstaudza and Locs, 2017) 

 
1.4.4 Tricalcium Phosphate 

 

Tricalcium phosphate (TCP), also known as tribasic calcium phosphate and 

phosphate of lime (BPL) is a white solid calcium salt of phosphoric acid.  Its chemical 

formulation is 𝐶𝑎$(𝑃𝑂,) and a calcium to phosphate ratio is 3:2.  It is commonly 

derived from natural resources like rocks, milk and in the skeleton of vertebrates 

(Destainville et al., 2003).  It exists as three types α, α' and β.  β -TCP is prepared by 

thermal decomposition using deficient hydroxyapatite, and this occurs at high 

temperatures of around 800 degree Celsius.  Another preparation is the mixture of 

acidic calcium phosphate in a rigid state phase.  Moreover, calculining bone can be 

another method of preparing β -TCP (Dorozhkin, 2014).  On the other hand, α- TCP 

is formed by point transformation of β-TCP.  α- TCP is stable at temperatures ranging 

between 1125 and 1430 degrees Celsius, while β-TCP is stable at no more than 1125 

degrees Celsius.  TCP is widely used in toothpastes and biomaterials like cements 

(Mirtchi et al., 1990).  
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Figure 15: Chemical formula of tricalcium phosphate (TCP) 

 
1.4.5 Dicalcium phosphate 

 

Dicalcium phosphate exists in two forms, dicalcium phosphate dihydrate (DCPD) and 

dicalcium phosphate anhydrous (DCPA). They are also named as mineral brushite 

and mineral monetite with a chemical formula of Ca𝐻𝑃𝑂,𝐻#O and CaHP𝑂, 

respectively.  The calcium to phosphate ratio is 1 (Oliveira et al., 2007). 

DCPD is used in the medical field and in calcium orthophosphate cement.  Moreover, 

it is added to toothpastes to aid remineralisation when coupled with fluoride.  In 

addition, it is incorporated in some polishing agents (Crall and Bjerga, 1987).  

DCPA is less soluble than DCPD.  It is used mainly in calcium phosphate cements 

and in food as a preservative.  Moreover, it is used in the pharmacological field, and 

added in drugs like multivitamins and supplements.  It is also used in toothpaste and 

polishing agents (Takagi et al., 1998). 

In dentistry, dicalcium phosphate dihaydrate is formed by the breakdown of 

monocalcium phosphate to phosphoric acid and dicalcium phosphate.  This happens 

after the reaction with tricalcium phosphate.  Due to the low solubility of DCPD, there 

will be minimal release of calcium phosphate ions, leading to an increase in the 

strength of the material (Xu et al., 2007; Mehdawi et al., 2013).   
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Figure 16: Chemical formula of Dicalcium phosphate 

 
1.4.6 Monocalcium phosphate 

 

Monocalcium phosphate is found as monohydrate (MCPM) and anhydrous salt 

(MCPA). They have a chemical formula of Ca(𝐻#𝑃𝑂,)2 𝐻#O and Ca(𝐻#𝑃𝑂,)2 

respictivley.  MCPM is the most soluble and acidic calcium phosphate among all 

above Ca/P materials.  This property makes it efficient in killing eukaryotic cells like 

bacteria.  In the medical field, it is used as a self-hardening calcium hydroxide cement 

(Bermúdez et al., 1994).  In Dentistry, when MCPM is added to dental composite, it 

forms a brushite and phosphoric acid.  Therefore, phosphoric acid will play as an 

etchant to promote good bonding to the tooth structure, while the brushite will 

enhance remineralisation.  Moreover, MCPM has been included in the food industry 

as a hardener, a buffer, a leavening agent, a yeast and as a supplement (Huan and 

Chang, 2009). 

  

A reaction called triple superphosphate is used to produce MCPM.  This process 

involves phosphoric acid and powdered phosphate rock.  When this combination is 

exposed to a temperature of 100 degrees Celsius, a water molecule will get released 

and MCPM will form (Becker, 1989).  
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Figure 17: Chemical formula of monocalcium phosphate (MCPM) 

1.5 Summary 

 

Dental caries is the most common disease worldwide.  Many countries, including the 

UK, are spending millions of pounds to treat it.  However, a large percentage of the 

population still has untreated dental caries.  

 

The oral cavity holds a diverse microbial flora that has a great ability to colonize teeth 

and mucosa.  The growth of oral bacteria on dental surfaces is part of biofilm build up 

which is controlled by host factors.  Moreover, chemical nature of the substrate and 

the type of the surface where the biofilm develops influence the structural 

organization of a dental biofilm.   Eventually dental caries form when equilibrium is 

altered.  

 

Recently, dentistry has moved towards prevention, early diagnosis and non-invasive 

biological approaches.  So, the concept of drill and fill has become enormously out of 

favour.  Materials like GIC and RMGIC managed to control caries progression and 

arrest caries.  However, as the strength of these materials is compromised, problems 

can arise.  Incorporating antibacterial particles with good mechanical characteristics 

is the present objective in dental material creation.  However, in order to prevent 

composite failure, as mentioned previously, researchers have suggested  adding 

antibacterial agents and remineralisation ions (calcium phosphate ions). Many kinds 

of antibacterial agents have been added to dental composite and tested in many 

studies.  However, these materials are still under evaluation.  Furthermore, addition 

of antibacterial agents showed failure in preserving the mechanical strength of the 

composite material as well as the release and effect of the antibacterial agent. 

Calcium phosphate ions have also been shown to have an effect on remineralisation 

when added to the composite material.  
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The current literature contains many articles on the synthesis and characterization of 

novel self-healing and bioactive dental resin.  This smart composite showed excellent 

self-healing efficacy in many material systems including dental resins, bonding 

agents, composites and cements (Wu et al., 2019).  Moreover, these smart materials 

possess the capability to heal cracks and inhibit bacterial growth. 

Novel dental composites containing PLS antibacterial agent and MCPM particles 

(calcium phosphate ions) are currently under development at the Eastman Dental 

Hospital and institute.  In this study, I will test the effect of both PLS and MCPM on 

bacterial biofilm growths. 

 

1.6 History of this study 
 
In the year 2000, the Eastman dental institute started to develop a dental composite 

with antibacterial characteristics in order to prevent the issue of recurrent caries due 

to restoration failure.  The initial material was a composite containing chlorhexidine, 

which is the most used antibacterial agent at that time.  5 years later, the first paper 

on this composite was published. The material was composed of 

UDMA/TEGDMA/HEMA -based dental composites with CHX release.  The authors 

concluded that this material has high water sorption potential and hence resulted in 

mechanically weak composites.  

 

There were studies at the same time investigating the use of this composite in bone. 

Pointing out the similarities between teeth and bone, the composite material was used 

to repair vertebral fractures.  This bone application led to the idea of the use of MCPM 

and TCP in dental composite, during a time at which the Eastman group were 

additionally working on calcium phosphate bone cement.  In 2009, Mehdawi et al. 

used the initial composite created by Leung (Leung, D. et al., 2005) and modified it 

by replacing HEMA with MCPM and TCP.  This created crystals of low solubility 

(brushite) when MCPM reacted with water, resulting in an increase of water sorption 

and hence material expansion. The authors concluded that water sorption 

considerably enhanced CHX release and thus antibacterial release.  On the other 

hand, composite mechanical properties remained weak and prone to failure.  There 

were many studies later on which attempted to improve this composite, but the results 

were unsatisfactory.  

 

In recent years, type I hypersensitivity reactions to CHX have been reported in the 

medical and dental fields.  These incidents raised the discussion of whether to limit 
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or stop the use of CHX to prevent unwanted allergic reactions.  In addition, CHX is 

considered a class 3 agent which caused a problem for regulatory bodies by making 

commercial mass production complex and difficult.  Accordingly, a decision was 

made to search for alternative antibacterial agents. 

 

PLS was the antibacterial agent used to replace CHX.  This happened in 2014 and a 

paper was submitted.  The purpose behind PLS selection is its antibacterial activity 

as well as the mechanism against eukaryotic cells.  In addition, considering that PLS 

was already used in food preservatives, this could address regulatory concerns with 

CHX.  In 2016, Panpisut et al. published the first paper on PLS containing dental 

composite.  The Eastman Group then did a lot of work to create a composite 

formulation that meets or overcomes the commercial composites standard.  The 

material is called ‘SMART’ composite, standing for Self-etching and bonding, 

Mechanically strong, Antibacterial, Remineralisation, Tooth mimicking - composite. 

The difference between the SMART composite and the available commercial 

composite is the antibacterial effect of PLS, remineralisation of MCPM and the self-

adhesive characteristics to the tooth structure.  In addition, The SMART acronym, 

supports the Atraumatic Restorative Technique (ART), which is used in developing 

countries, where a material is placed with only hand instrumentation.  In 2018, an 

ethical approval from the Medicines and Healthcare products Regulatory Agency 

(MHRA) was acquired for the first clinical trial.  Similarly, a second report was 

submitted to MHRA in order to proceed with the second clinical trial.  At the mean-

time, the group is still testing the SMART composite in many aspects. 
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Chapter two: Aims and objectives  

2.1 Hypothesis  

Incorporation of polylysine (PLS) into novel composite will add antibacterial properties 

of this composite compared to control and commercial materials. 

2.2 Aims 

1. The aim is to assess the antibacterial properties of novel PLS-containing dental 

composites. 

2. Assess bacterial inhibition when MCPM is added in different concentrations. 

2.3 Objectives  

1. Produce a biofilm that adheres to the surface of the tested material discs to 

optimise a protocol. 

2. Quantify S.mutans bacterial growth on five composite formulations of different 

MCPM/PLS concentrations, control and three commercial composites.  

3. Prove accuracy of S. mutans quantification method by comparing it to biofilm-free 

samples to check any background staining of the material. 

4. Visualise live and dead bacterial growth on the five composite formulations of 

different MCPM/PLS concentrations, control and three commercial materials by the 

use of confocal microscopy. 

5. Visualise dental biofilm (3D) on the five composite formulations of different 

MCPM/PLS concentrations, control and 3 commercial materials by the use of 

confocal microscopy. 

6. Measure the depth of dental biofilm growth on the five composite formulations 

containing different MCPM/PLS concentrations, control and 3 commercial material by 

the use of confocal microscopy. 

7. Measure the effect of PLS release (after 48 hours) on biofilm growth – tested on 

three formulations only (16-8-3 / 8-8-3 / 12-6-3). 
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Chapter three: Materials 

3.1 Material used in this thesis  

The materials used in this thesis were five formulations of the SMART composites 

and a control formula.  In addition, the commercial materials used were Activaä Kids, 

3Mä Filtekä, Z250 and Fuji II LC.  The detailed composition, methods of preparation, 

properties and clinical indications will be discussed in this chapter.  

 
Material Brand Composition Lot/batch 

number 
Compomer ACTIVA Kids 

bioactive 
44,6% Diurethane, 
Other methacrylates, 
Modified polyacrylic 
acid 6.7 % Silica 
0.75% Sodium 
fluoride. 

+D701VKP2B 

Composite 3M Filtek Z250 Bis-GMA, UDMA, 
Bis-EMA 
Filler content: 
78%wt, combination 
of silica, zirconia and 
silica/zirconia 
cluster, size 10nm - 
3.5μm 

6020B3 

Resin Modified 
Glass Ionomer 

Cement 

GC Fuji II L 
CAPSULE 

Powder: alumino-
fluoro-silicate glass 
Liquid: 25-50% 
HEMA, 
polycarboxylic acid, 
1-5% UDMA, 1-5% 
DMA, <1%CQ 
Powder liquid ratio: 
3.2/1 

170908A 

Table 2: Commercial materials 

 
Material Brand Lot/batch number 

Nano glass Evonik Industries AG 
AZELIS UK (Evonik UK 

branch) 
 

AEROSILR OX50 
 

Lot: 153022145 

.7 𝝁𝒎 glass DMG, Hamburg, Germany 021110, batch 746375 
7 𝝁𝒎 glass DMG, Hamburg, Germany 020684, batch 711591 
Polylysine HANDARY SA 

Avenue de Fre 267 
1180 Bruxelles 

Belgium 

EPolyly 
 

Lot: 0201 20160203 

MCPM HIMED 
Hitemco medical 
applications. Inc. 

Batch MCP369925 
 

MCPM20 

Lot: MCP-B26 

Table 3: Powder component of novel composite 
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Material Brand Lot/batch number 
UDMA DMG Germany 100112, batch 97406 

CQ DMG Germany 100134, batch 97405 
PPGDMA Polyscience Europe GmbH 

Handelsstr, 3, D-69214, 
Epelheim 

04380-250 
Lot: 626208 

4 META Polyscience Europe GmbH 
Handelsstr, 3, D-69214, 

Epelheim 

17285-10 
Lot: 679178 

Table 4: Liquid component of novel composite 

 

Material Brand Lot/batch number 
Broth CM 1135 Brain Heart 

Infusion, Oxid 

2151742 

Crystal Violet Crystal violet K25572 

Live/Dead staining Invitrogen by ThermoFisher 

Scientific UK 

1942270 

Table 5: Main materials used in microbiology lab 

 
 
3.2 Novel composite formulations with added polylysine preparation 

Mrs Wendy Xia, with the support of Synergy (DAC600.2 CM51, Synergy Devices Ltd), 

prepared composite pastes with 5 different formulations and a control formulation in 

April 2017. The formulations were composed of liquid and powder phase which was 

then mixed together to form a Novel Composite.  Formulations were in the form of 

Powder : Liquid ratio of 3:1.  

3.2.1 The liquid phase:  

 
The liquid phase included all the monomers of the composite (table 4): 

 

1- UDMA (Urethane dimethacrylate C23H38N2O8 

 

UDMA is the main monomer in the liquid phase. It is called the bulk monomer and 

accounts for 72% of the total liquid phase.  As mentioned in chapter one, UDMA has 

a high molecular weight and thus higher monomer conversion is induced.  This can 

promote the cross linking of the material and reduce drainage, compared with Bis-

GMA.  
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2- PPGDMA (Poly-(propylene glycol) dimethacrylate H2C=(CH3)CO 

(OC3H6)n O2CC (CH3)=CH2) 

 

The purpose of the addition of this monomer is to enhance the consistency of the 

material (more fluid-like).  This will make the material easy to manipulate by clinicians 

and easily adjustable into cavities. Another advantage is its high molecular weight 

which aids in the monomer conversion and also improves the depth of cure without 

major shrinkage.  PPGDMA, was combined in a percentage of 24%. 

 

3- 4-META (4- Methacryloxyethyl trimellitate anhydride C15H12O7) 

 

It is an acidic monomer in the form of a crystalline powder.  It promotes adhesion and 

is usually used in self-etching materials.   4-META was combined in a 3% by weight 

fashion.   

 

4- CQ (Camphoroquinone):  
 

CQ is the most common photo initiator.  It is used in a percentage of 1%.  The main 

drawback of the material is its yellow colour in room temperature.  This might have 

an effect on the colour of the material, especially when it is not cured properly, 

although photobleaching has been used to adjust that feature.  

 

The liquid phase was the same for all formulation preparations which is organised by 

two technical steps: 

 

1-  Firstly, the acidic monomer (4 META, 3%wt), an initiator, camphorquinone 

(CQ1%wt) and a diluent monomer, (propylene glycol) dimethacrylate 

(PPGDMA, 24%wt) were mixed and stirred on a magnetic stirrer hot plate (Jeo 

Tech) for two hours at room temperature in anticipation of a clear solution.  

 

2- Then, a base monomer, Urethane dimethacrylate (UDMA) 72%wt was added 

and stirred for 24 hours, again to achieve a clear solution. 
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3.2.2 The powder phase  

 

The powder phase greatly influences SMART composite consistency.  It is composed 

of three components (Glass particles, PLS and MCPM). 

 

1- Glass particles: contain 7 μm glass particles (60%), 0.7μm glass particles 

(30%) and nano-glass (10%). 

 

2- MCPM (Monocalcium Phosphate Monohydrate):  This filler particles are 

mainly added to the composite material in order to enhance remineralisation 

and self-etching properties.  This is due to the hydrophilic property of MCPM 

that promotes brushite formation by releasing calcium, phosphate and 

phosphoric acid.  Particles of 50μm were added.  The formulations used have 

MCPM at concentrations of 8%, 12% and 16 %.  

 

3- Polylysine (PLS):  These antibacterial particles were added to the SMART 

composite.  PLS properties, advantages, disadvantages and its mechanism 

against pathogens are described in chapter one.  The formulations used in 

this thesis incorporated PLS in concentrations of 4%,6% and 8%.  

 

In the powder phase, different concentrations of PLS and PMCPM were added. The 

225 g powder was blended using Speedmixer (DAC600.2 CM51, Synergy Devices 

Ltd) without vacuum at 1000 rpm for 30 seconds.  In details, it is composed of MCPM 

(16,12, 8 or 6%), PLS (4%, 6%, 8%), glass particles (7μm 60%, 0.7μm 30% and Nano 

glass particles 10%). 

 

The liquid phase (monomers 75 g) were combined to the powder in plastic pots with 

a powder : liquid ratio of 3 : 1, and mixed without vacuum at 2300 rpm for 15 seconds. 

Then, they were placed in a vacuum for 3 minutes with a down pressure of around 

20 mbar.  The formulations were mixed at 1800 rpm for 30 seconds with a pressure 

of 17mbar.  The following table summarises the formulations used in this thesis (Table 

6): 
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Composite 

MCPM 
(Monocalcium 

Phosphate 
Monohydrate) 

PLS (Polylysine) 
PLR (Powder 
Liquid Ratio) 

1 16 (high) 8 (high) 3 

2 8 (low) 4 (low) 3 

3 16 (high) 4 (low) 3 

4 8 (low) 8 (low) 3 

5 12 (medium) 6 (medium) 3 

6 (Control) 0 0 3 

Table 6: Novel composites formulations used in this thesis 

 

3.2.3 Composite discs preparation:  

 
Composite disc-shaped specimens were formed by placing a circular 10 mm in 

diameter and 1 mm thickness metal disc on a glass plate.  Metal circlip mould was 

placed on an acetate sheet on top of a flat lab glass.  Then, the composite paste was 

applied onto the metal disc and pressed by another acetate sheet.  The previous step 

was to get rid of excess composite paste, prevent air bubble formation and hence 

allow to have smooth, even discs.  The material was then photo-polymerised using a 

blue light emitting iodine curing unit with a wavelength of 450 - 470nm and a power 

of 1100-1300 mW/cm2 (Demi Plus, Kerr Dental).  To ensure complete polymerisation, 

curing duration was maintained for 40 seconds on five positions on either side of the 

disc (middle, right, left, up and down).  After 48 hours, the composite was removed 

from the circlip and polished.  In addition, commercial composites - Z250, Fujii II and 

Activa - were prepared in a similar fashion.  All composite discs were placed in sterile 

well plates. Then, both side of the plates were exposed to UV light for one hour to 

ensure decontamination.  The steps of composite discs formation are shown in the 

figure below (figure 19). 
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Figure 18: Steps of composite discs preparation 

 

3.3 Commercial materials 

 
All of the commercial materials used in my research were for the purposes of 

comparison to the novel composite.  These commercial materials claim to have 

comparable and similar characteristics and indications as the novel SMART 

composites.  Therefore, when SMART composites become commercially available in 

the future, these materials would be the main market competitors. Table 2 shows 

commercial materials brands, composition and batch number used.  

 

3.3.1 ACTIVA  

 

ACTIVA™ KIDS is one of the commercial materials that was used in this thesis 

experiments to compare with control and with PLS/MCPM added composite 

formulations.  Activa is a restorative material that has been in the market since 2013 

and lunched by Pulpdentâ.  Recently, Activa has received multiple awards.  In 2019, 

Activa was honoured by the dental advisor with the bioactive restorative award.  In 

addition, it is one of the earliest bioactive materials launched, and therefore, it is 

considered as the main market competitor for SMART composites.  Activa responds 

to PH changes in the oral cavity by releasing ions such as calcium phosphate and 

fluoride, and therefore enhance remineralisation and prevent demineralisation. The 

advantage of this dynamic material is that it can also promote mechanical bonding to 

the tooth structure and can therefore be applied without a bonding agent.  This can 

result in the initiation of a good seal in the tooth / material interface.  However, an acid 

etch for 10 seconds is mandatory before material application.  As it is a Compomer, 

it has hybrid characteristics of both composite and GIC and hence contains the 

benefits of both properties. Mechanically, it offers satisfactory mechanical 

characteristics like fracture and wear resistance.  One of the main advantages of the 

material is the preservation of rubber like resin molecules which promote shock 
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absorption.  One special advantage for paediatric patients is its moisture tolerant 

characteristics.  Ideally, this property can benefit cases where moisture control is not 

achievable. According to the manufacturer, Activa is an aesthetics restorative 

material.  It contains calcium/ phosphate and fluoride ions in order to stimulate apatite 

formation.  It is known for its opaque white colour.  

 

Activa is a dual cure material (chemical and light cure).  The initial chemical self-

curing time is two to three minutes at 37°C.  However, light curing time to achieve 

satisfactory monomer conversion is only 20 seconds.  The material can be cured up 

to 4mm in depth.  Polymerization shrinkage is 1.7% with a glass filler of 21.8%. 

Furthermore, it is claimed that Activa is BPA (Bisphenol A) free.  It is a well-known 

industrial chemical compound that is used in the production of polycarbonate plastics, 

epoxy resin and in some dental materials.  Due to the health risks that BPA may pose, 

manufacturers have shifted their attention to manufacture BPA free materials.  

However, the European Food and Safety authority (EFSA) and the United States food 

and Drug Administration (FDA) have judged that BPA is safe for use at certain levels. 

Activa is available in an automix syringe with disposable tips and a dispenser.  There 

is only one shade available in the market and is called the ‘Pedo’ shade.  The Pedo 

shade is a white opaque colour, close to shade A1. It can be used for 2 years when 

the package is opened. Finally, Activa is used to restore class I, class II, class II and 

class IV cavities.  Moreover, because of its opaque colour, it can mask silver diamine 

fluoride stains.  

 

3.3.2 Z250 

 
3MTM FiltekTM Z250 is radiopaque, aesthetic light cured composite material.  It has 
been in the market since 1992, therefore, it is considered a good option for 

comparison, especially after its use for twenty-seven years in the dental field.  It can 

be used to restore both posterior and anterior teeth.  The restorations can be either 

direct or indirect.  However, bonding to the tooth structure has to be through dental 

adhesive system (etching and bonding agent).  Adhesive systems used to bond z250 

to the tooth are 3MTM Single Bond Dental Adhesive or 3MTM ScotchbondTM Multi-

Purpose Adhesive Systems.  Z250 composite is packed in single-dose capsules and 

bulk syringes and is available in 15 shades.  Some of the available shades are A1, 

A2, A3, A3.5, A4, B0.5, B1, B2, B3, C2, C3, C4, D3.  It exists in incisal and universal 

dentine and can be used within 3 years once the package is opened.  For a good 
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result, rubber dam isolation is essential as the material is not moisture tolerant.  As 

instructed by the manufacturer, Z250 should be placed in increments not exceeding 

2.5mm in depth for light shades and no more than 2 mm for darker shades to allow 

sufficient light to penetrate and hence for adequate resin polymerisation to occur. 

Each layer should be light cured for 20 seconds for light shades and 30 seconds for 

darker shades in order to perform satisfactory monomer conversion. The 

incorporation of hybrid glass element in the Z250 composite allows for good polishing, 

which is important in preventing plaque accumulation and achieving aesthetic 

restorations.  

 

As mentioned previously, Z250 can be used for both anterior and posterior teeth. 

Posterior teeth require composite material that withstands occlusal forces. This can 

be seen in Z250, because of its durability and ability to manage occlusal biting forces. 

Moreover, Z250 can be used as core build ups, veneers, inlays and onlays.  Bis-GMA, 

UDMA and BIS-EMA are the monomer resins in Z250, whereas Zirconia/silica are the 

filler interface.  Precisely, Z250 contains 60% filler particles by volume with particles 

ranging between 0.01 to 3.5 microns.  Post polymerisation shrinkage is estimated to 

be approximately 2.2%. 

 

3.3.3 Fuji II 
 

GC Fuji II LC is present in the market since 1992 and is the first light cure glass 

ionomer restorative material that entered the dental field. This material is 

recognised by almost all dental practitioners.  It is categorised as a resin modified 

glass ionomer cement and thus has the advantage of dual curing technique.  It 

can be finished immediately and have satisfactory aesthetics.  Due to the chemical 

bonding of GIC to the tooth surface, bonding and etching materials are not 

required.  This chemical bonding system produces a good seal and therefore 

prevents microleakage.  This is also enforced by the remineralisation effect of the 

fluoride release.  In addition, the hydrophilic property of Fujii II LC, does not require 

moisture control and can be applied without rubber dam isolation.  This makes the 

material useful for use in paediatric patients.  Moreover, the material can be 

distinguished from the tooth structure easily due to the radio-opacity of the 

material. This makes the process of restoration removal easy to perform.  The 

material should not exceed 2 mm increment placement and should get cured for 

20 seconds.  It can be used in class III, class V cavities, primary teeth and cervical 

erosion lesions (abfractions).  Furthermore, it can be used as a liner, base or core 
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build up for deep cavities and a sealant on top of root canal treatment before 

placement of the final composite restoration.  

 

Fuji II LC is available in a powder and liquid hand mix package or in capsules in 

measured units doses to prevent mess mixing.  So, in the capsule form, the setting 

reaction starts once the barrier between the powder and liquid breaks.  Additional 

light curing is required to harden the restoration.  The material has to be stored at 

room temperature and can be used for two years for both liquid and powder and 

single use capsule.  

 3.4 Materials used in the microbiology lab  

3.4.1 Crystal violet 

 
Crystal violet (CV), also known as gentian violet, is a blue-purple dye that exhibits 

antifungal, antimitotic properties.  CV separates into positive (GV+) and negative ions 

(Cl-) that infiltrate both gram-positive and gram-negative bacteria.  In addition, CV 

has been used to quantify S. mutans biofilm in several studies.  One study worked on 

testing S. mutans biofilm growth with free D-amino acids (D-AAs) (one of the most 

marked features of the peptidoglycan composition in bacteria and play a key role in 

regulating and disassembling bacterial biofilms) and nisin (antibacterial).  The study 

compared biofilm growth with amino acid addition or both amino acid and the 

antibacterial nisin. S. mutans culture and brain heart infusion broth with sucrose 

(BHIS), including amino acids at a ratio of 1∶100, were added into a 96-well microplate 

and a 24-well micro-plate.  The CV staining essay was implemented by the addition 

of 0.1% of CV for 15 min and then washed with sterile water. The bound dye was 

discharged by the addition of 33% acetic acid and diluted with distilled water in a ratio 

of 1:4 then examined using a microplate reader at 575 nm. Optical density 

measurement of each well indicates the amount of S. mutans biofilm growth (Tong et 

al., 2014). 

 

3.4.2 LIVE/DEAD Viability kit  
 
 
LIVE/DEAD Viability kit (Thermofischer Scientific , UK) contains two dyes, one 

Named SYTO® 9 and a second called propidium iodide.  The dyes release light 

(fluoresce) when they bind to DNA inside the bacterial cell.  SYTO® 9 passes through 

the cell membrane of bacteria easily and fluoresces green when a certain wavelength 
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of light shines on it.  Propidium iodide, on the other hand, can only enter bacteria with 

damaged cell membranes. When propidium iodide makes its way into cells with 

damaged membranes, it pushes out SYTO 9, replacing green fluorescence with red 

fluorescence.  
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Chapter Four: Methods  

4.1 Biofilm production (protocol) 

The aim of this test is to initiate a biofilm that adheres to the surface of the tested 

material.  In this test, composite materials were not used but the purpose is to 

optimise a protocol.  

16 hours before the experiment,10 ml BHI broth was inoculated with one colony of S. 

mutans UA159 and incubated in air enriched with 5% C𝑂# at 37℃.  The inoculum was 

diluted to achieve a starting inoculum density of 5 X 101𝐶𝐹𝑈/𝑚𝑙.  This was achieved 

by measuring optical density (𝑂𝐷1++) using a spectrophotometer (Biochrom WPA 

CO8000).  After that, sucrose was added to a final concentration of 1 % and mixed 

with a vortex mixer.	 BHI broth (3): glucose (1) solution was inserted into five wells (1 

𝑚𝑙 in each well).  Next, 25 𝜇𝑙(containing5 X 101𝐶𝐹𝑈/𝑀𝐿)	of S. mutans inoculum was 

added to each well. To test the effect of glucose on S. mutans growth, five control 

wells were prepared by inserting 1 ml of BHI broth to each well with the addition of 25 

𝜇𝑙 (5 X 101𝐶𝐹𝑈/𝑀𝐿)	of S. mutans. The tray was incubated again in an atmosphere 

of air enriched with 5 % C𝑂# for 24 hours. 

After 24 hours, the medium was tipped off without damaging the biofilm formed at the 

base of each well.  To remove unattached biofilm, each well was washed twice with 

1 ml of phosphate buffered saline (PBS).  After that, 1 ml of methanol was added to 

each well and left for 15 minutes to fix the biofilm.  Next, methanol was poured off and 

1 ml of crystal violet (0.1%) was added to each well for 5 mins then washed with PBS 

twice.  The tray was then placed in a 50℃ oven to dry for 20 mins.  Finally, 1ml of 

30% acetic acid was added to each well to solubilize the CV and the tray was placed 

in a shaker plate for 1 hour.  

Solution from each well was diluted (1:10). Cuvette was then placed in a 

spectrophotometer (Biochrom WPA CO8000) and optical density (𝑂𝐷1++) was 

measured.  OD readings were multiplied by the Dilution factor (10). The (𝑂𝐷1++) is 

correlated with the S. mutans growth in the biofilm. The figure below shows the S. 

mutans quantification method protocol. 
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Figure 19: S.mutans quantification method protocol 

 
 
4.2 Quantification of S. mutans biofilm growth  

The method for this test was optimised as described in 4.1.  The aim of this assay 

was to measure S. mutans growth on 5 composite formulations of different 

MCPM/PLS concentrations in comparison with the control (table 6) and 3 commercial 

composites (table 2).  In addition, the experiment was to assess if MCPM/PLS added 

to the composite can inhibit bacterial growth. This experiment was repeated 3 times.  

Materials for this test were treated identically to the protocol.  Three composite discs 

from each formulation (8-8-3 ,16-8-3, 12-6-3, 8-4-3, 16-4-3), Control (0-0-3), Z250, 

GICII and Activa were prepared as described in chapter 3.  The discs were then 

placed randomly into 24 well plates to prevent bias.  After that, the discs were 

irradiated with ultraviolet light for one hour on each side to ensure bacterial 

decontamination.  

A solution of 100 𝜇𝑙 from each well was diluted with 900 𝜇𝑙 of 30% acetic acid (1:100) 

into cuvette.  Cuvette was then placed in a spectrophotometer (Biochrom WPA 

CO8000) and the optical density (𝑂𝐷1++) was measured.  According to OD readings, 
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results were manipulated.  The higher the optical density, the more bacterial growth 

and verse versa.   

Before starting this test, it was beneficial to prove the accuracy of the biofilm growth 

quantification method.  I have measured the amount of CV adsorption by the 

composite formulations and commercial material.  Secondly, I assessed if the amount 

of absorption affected the results. This experiment was performed three times.  At 

each repetition, the test was carried once with S. mutans and once without bacteria 

in order to compare between results.  To increase accuracy, discs without bacteria 

were treated exactly same as the ones with S. mutans. 

 

Figure 20: Example of 24 well plate with composite formulation and commercial 
materials with 3:1 BHI/Sucrose broth and 5X 〖10〗^6 CFU/ML S.mutans. The tray 
was incubated in an atmosphere of air enriched with 5 % CO2 for 24 hours. 
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Figure 21:Example of 24 well plate with composite formulations and commercial 
materials stained with crystal violet and ready to enter the oven for drying. 

 
 

 

Figure 22:Example of 24 well plate with composite formulations and commercial 
materials. Acitic acid solubilises the CV that is adsorbed to the biofilm. 

 
 
4.3 Confocal microscopy technique 

In 1955, Marvin Minsky developed confocal microscopy.   Optical imaging was used 

to create virtual slices in many micrometers deep within the tissue.   Confocal 

microscopy offers very high-quality images, with fine details, when compared to 

conventional microscopy.  Moreover, it offers virtual 3D images that can be extracted, 

when many layers of the tissue are combined (Nwaneshiudu et al., 2012).  
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Conventional and confocal microscopy share a similarity in that both are able to use 

reflected light to visualise a sample.  However, confocal microscopy excitation beam 

is focused from the microscope objective toward a small area inside the tissue.  This 

can be as small as the diameter of the light wavelength (0.5 μm).  In conventional 

microscopy, small parts of the tissue are illuminated at once, causing some of the 

fluorescent light to scatter.  This results in blurry or obscure images.  Confocal 

microscopy overcomes this problem by using a small pinhole aperture in a screen 

that allows only the light emitted from the desired focal spot to pass through.  Any 

light outside of the focal plane (the scattered light) is blocked by the screen.  In optical 

terms, the pinhole is placed the same conjugate focal plane as the tissue specimen 

(hence the designation “confocal”). A sensitive, light detector, such as a 

photomultiplier tube, on the other side of the pinhole is used to detect the confocal 

light.  This technique allows the specimen to be imaged one “point” at a time 

(Nwaneshiudu et al., 2012; Olivier and Moine, 2013). 

 

 
Figure 23: Confocal microscopy 

 
4.3.1 Visualise live and dead bacteria under confocal microscopy. 

The aim of this test is to visualise live and dead bacteria in composite discs using 

confocal microscopy.  Moreover, to know how confocal microscopy works and what 

information it can provide for further tests.  Confocal microscopy and the LIVE/DEAD 

Viability kit were used in this experiment to visualise live and dead bacteria on 

different concentrations of PLS/MCPM composite discs (table 6) and commercial 

composites (table 2). 
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Biofilms were prepared as described in section 4.2.  After 24 hours, trays were 

removed out of the C𝑂# incubator.  Once more, to get rid of unattached biofilm, 

composite discs were transferred to new 24 well plate discs and washed twice with 

1ml of PBS solution.  After that, composite discs were transferred to 4 well plates to 

be able to visualise discs under confocal microscopy.  Composite specimens were 

attached to wells by petroleum jelly to prevent floating of discs when PBS solution 

was added. Next, specimens were stained with LIVE/DEAD Viability kit 

(Thermofischer Scientific, UK) to see how many bacteria were killed during the 24 

hours.  The LIVE/DEAD assay was prepared by mixing 1 𝜇𝑙 of each of the liquid 

materials with 1 ml of PBS.  Trays were covered with foil to keep contents away from 

sunlight.  Moreover, to visualise live and dead colonies under 40 X magnification 

(water lens), 10 ml of PBS solution were added gently to each well.  Lasersharp 2000 

application was linked to the confocal microscopy, and so, the images of live and 

dead bacteria were saved.  To be able to use saved images, Image j (Image J 

Developers) was used.   

 

4.3.3 Visualise and measure biofilm thickness 

Confocal microscopy was used in this experiment to measure biofilm thickness.  

Discs were treated in the same manner as the previous test.  However, in this 

experiment, biofilm thickness was measured and selected randomly in three different 

areas of each disc.  Measurement of biofilm thickness achieved by moving the 

confocal table upward until it is near the disc surface and no bacteria can be seen, 

then moving the table downwards until the lens is far from the disc (out of biofilm 

vision) and no bacteria can be visualise.  The three readings of biofilm thickness were 

added and divided by 3 to give the mean of biofilm thickness.  Moreover, video stacks 

of biofilm were saved using Lasersharp 2000 and formulated to 3D biofilm graph by 

using image J (Image J Developers).  The combination of stacks showed the biofilm 

in 3D.  

4.3.4 Measure the effect of PLS release (48 hours) on biofilm growth  
 
The aim of this test is to measure the release of PLS after 48 hours.  This can be 

accomplished by checking the amount of biofilm growth after composite formulations 

were stored in sterile water for 48 hours before starting the experiment.  PLS will be 

released out of the prepared formulation discs during the 48 hours. Hence, the 

amount of further bacterial growths in the tested material indicate the amount of PLS 

released.   Only three formulations were tested in this experiment (8-8-3, 16-8-3,12-



 75 

6-3).  To compare the amount of biofilm growth, the same test was repeated each 

time once with water storage for 48 hours and once without (for comparison).  After 

soaking composite discs for 48 hours, they were dried and placed randomly in a 6 

wells plate and decontaminated.  The method of quantifying biofilm growth was used 

in this test and optical density was measured.  The formulations that were soaked in 

water and the ones that were not, were treated in the same conditions in each 

repetition of the test.  The test was repeated 3 times on 3 different occasions. 
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Figure 24: Flow chart summarises objectives, test methods and materials used in 
each test. 
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Chapter Five: Results  

5.1 Biofilm production  

Bacterial biofilm is a three-dimensional structure comprising of bacteria linked 

together and embedded in an exopolysaccharide matrix (Forssten et al., 2010).  The 

main aim of this step was to create a biofilm that would adhere to the surfaces of the 

tested materials.  In order to find the ideal bacterial biofilm, two different environments 

were tested after the addition of S. mutans.  The first environment contained BHI and 

the second one contained BHI and sucrose and the amount of biofilm formed was 

measured by staining with crystal violet.  The two were compared by 

spectrophotometry to determine the intensity of CV and the results are summarized 

in Table 7.  The results of this test showed a clear difference between the two 

environments, as revealed by the optical density.  A higher optical density indicates 

a higher S. mutans growth on the biofilm and vice versa.  The findings of this test 

showed clearly that the addition of sucrose to the BHI broth increased S. mutans 

biofilm growth – as reflected by a higher optical density of solubilised CV.  As this 

biofilm is more representative of the natural biofilm in the oral cavity, this protocol was 

selected for use in all of the following experiments on the different composite 

materials tested. 

Optical density (BHI + S. mutans) Optical density (BHI + Sucrose + S. mutans) 
0.360 0.905 

0.190 0.893 

0.544 0.939 

0.445 1.005 

0.601 1.100 

Table 7: OD of crystal violet staining biofilm growth and diluted with acetic acid at a 
concentration of (1:10). Right column without sucrose addition. Left column with 
sucrose addition. 
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5.2 Quantification of S. mutans biofilm growth on novel and commercial materials. 

In this experiment, novel composites with different PLS and MCPM concentrations, 

control and commercial composites were tested and compared using the biofilm 

protocol previously described.  The aim of this experiment was to see the density of 

S. mutans biofilm on the different types of composites and therefore allowing us to 

evaluate the efficacy of our PLS/MCPC combination.  The tests in this experiment 

were repeated three times for each different combination and for each different 

commercial composite in order to ensure that results are reproducible.  

Generally, in the three repetitions, the amount of bacterial growth on the biofilm was 

higher on the commercial materials (GIC II, Activa, Z250) than on the composites 

using the PLS/MCPM with different concentrations.  GIC had the highest level of S. 

mutans growth on the biofilm amongst all materials with an average optical density of 

CV 9, 7, 7.8 in each test respectively.  On the other hand, Activa had the lowest level 

of biofilm growth amongst the commercial composites with an OD ranging between 5 

and 6.  With regards to the novel composites, incorporating PLS and MCPM had 

increased on bacterial growth, as reflected by the lower levels of bacterial growth on 

the biofilm.  A clear trend of optical density reduction was demonstrated when the 

concentration of PLS was increased.  However, composites with only 4% PLS 

seemed to have minimal effect in reducing biofilm which was almost similar to the the 

control formulation (0-0-3).  Composites with 6% (medium concentration) of PLS 

showed biofilm reduction of 35% when compared to control.  Further reduction of 

biofilm by 70% was demonstrated in composites containing 8% PLS concentration 

formula compared to control.  Furthermore, MCPM also showed a positive effect on 

biofilm reduction.  This can be seen in the 8-8-3 and the 16-8-3 formulations as there 

was a clear drop in biofilm which was demonstrated when the concentration of MCPM 

was increased from 8 to 16.   

The findings are summarized in Figure 25 which shows the three repetitions at 

different occasions of this test.  Each bar indicates the mean optical density of CV for 

the three tests of the same material. 
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Figure 25: Mean ± (SE) optical density (OD) of CV staining biofilm growth (Y-axis) 
formed on six different composite formulations and tree commercial material (X-
axis). in each of the three independent experiments. n=3 

 
Figure 26 shows the mean OD of each formulation in the three test repetitions. As 

explained previously, OD is a measure of biofilm formation.  Each bar shows the 

mean OD result of 9 discs.  As can be seen, commercial materials had the highest 

OD and hence more biofilm growth when compared to novel composites containing 

PLS/MCPM.  GIC II LC had the highest biofilm growth among all commercial materials 

with an OD of 8.  The control material and Z250 material demonstrated the second 

highest level of biofilm growth with an estimated OD of 6.  Lastly, Activa had a similar 

amount of biofilm growth to that demonstrated by novel composites containing a low 

PLS/MCPM concentration (8-4-3).  Regarding the novel composites, a clear reduction 

in the amount of biofilm can be observed when both MCPM and PLS concentrations 

were increased.  This reduction was clearest when the PLS concentration was at its 

highest level (8%).  On the other hand, using PLS at concentrations of 4% and 6% 

showed little effect on the biofilm, which is valued at approximately 10% reduction of 

biofilm when we compare the (12-6-3) formula to control. If we consider the effect of 

MCPM, as long as the concentration of PLS was left at 6% or below, the reduction in 

biofilm seemed to be limited.  However, increasing the PLS concentration to 8% while 

using MCPM concentration at 8 % and 16% seemed to have a synergistic effect, 

causing a more important drop in biofilm.  This can be clearly seen when we compare 

the biofilm reduction observed between the (8-4-3, 16-4-3) formulations and between 

the (8-8-3, 16,8,3) formulations.   The findings are summarized in Figure 26 below. 
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Figure 26: Mean ± (SE) optical density (OD) of crystal violet (CV) staining biofilm 
growth of three test repetitions (Y-axis) on six different composite formulations and 
three commercial material (Y-axis). n=9. 
 
 

5.2.1 Proving the accuracy of the S. mutans quantification method  

The aim of this test is to measure the amount of CV absorption by novel and 

commercial materials and hence measure the accuracy of the above experiment.  

The reason behind this test is to clarify that the extra absorption of CV by the tested 

materials (background staining) did not affect the overall test results – that is, the OD 

is not affected by the extra CV absorbed by the materials. For each material 

assessed, this test was repeated three times and in each repetition, the test was done 

twice, once with adding S. mutans to the materials and once without S. mutans.  The 

test with S. mutans will measure the amount of biofilm growth, while the test without 

S. mutans will measure the CV background staining on the tested material.  Figure 

27 demonstrates the OD of CV with added S. mutans on all of the tested materials. 

Figure 28 demonstrates the OD of CV staining on the tested material without any 

bacterial growth.  For clear visualisation of the CV background on the tested 

materials, results of Figure 28 (CV only) were subtracted from the Figure 27 (CV + S. 

mutans).  The results are summarized in Figure 29 with a clear comparison of OD 

between the two groups (S. mutans alone vs S. mutans – CV).  These results 

revealed that very little amount of CV was absorbed by all tested materials, thus ruling 

out any significant affect of CV absorption which could have potentially altered the 
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accuracy of our main experiments.  This was applicable and repeatable for all novel 

composite materials, with the 8-8-3 formulation (8% PLS/MCPM concentration 

formula) showing the lowest CV absorption among all materials.  Regarding 

commercial materials, the absorptions was, similarly, low with the highest absorption 

being demonstrated by the GIC II material and the lowest by Activa.  It can, therefore, 

be concluded from these findings that the effects of CV absorption were minimal and 

had no significant effect on our previous measures of OD. 

 

Figure 27: Mean ± (SE) optical density (OD) of Crystal Violet (CV) staining biofilm 
growth of 3 test repetition (Y-axis) formed on six different composite formulations 
and three commercial materials. n=9 
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Figure 28: Mean ± (SE) optical density (OD) of crystal violet (CV) background 
staining of three test repetitions (Y-axis), on six different composite formulations and 
three commercial materials (X-axis), n=9.  

 

 

Figure 29: The orange bar demonstrates S .mutans biofilm growth (figure 27), blue 
bar demonstrates S. mutans biofilm growth (figure 27) minus CV background 
staining on the tested materials (figure 28). 

 

-0.05

0

0.05

0.1

0.15

0.2

0.25

MCPM 0 8 16 12 8 16

PLS 0 4 4 6 8 8

PLR 3 3 3 3 3 3 GI II LC Activa z250

O
pt

ic
al

 D
en

sit
y

-2

0

2

4

6

8

10

12

MCPM 0 8 16 12 8 16

PLS 0 4 4 6 8 8

PLR 3 3 3 3 3 3 GI II LC Activa z250

S.mutans S.mutans-CV



 83 

5.3 Visualisation of bacterial growth under confocal microscopy 

For this experiment, all novel composite formulations in Table 6 and commercial 

materials in Table 2 were studied.  The discs were visualised after 24 hours of biofilm 

growth in BHI + 1% sucrose with the addition of  S. mutans (5X101 CFU/ml) in air 

enriched with 5% C𝑂#.  Discs were visualised randomly to prevent bias. 

Images of live and dead bacteria on the tested materials, as visualised under confocal 

microscopy, can be seen in Figure 30.  The red stains seen on the images show dead 

bacteria and the green stains show live bacteria.  As the concentration of PLS in the 

composite discs was increased, a decrease in the quantity of bacterial growth was 

demonstrated.  When compared to the novel composites containing PLS/MCPM, all 

three commercial composites and the control composite had a higher level of S. 

mutans.  With regards to live bacteria and of all the composites tested in this 

experiment (commercial and novel), GIC II had the highest amount of live bacterial 

growth as the biofilm almost covered the full surface of the disc - this can be clearly 

seen in  the image entitled GIC II in Figure 30.  On the other hand, discs with PLS-

containing composites showed less bacterial growth and this can be seen in Figure 

30 (images with different PLS/MCP concentrations) with the black, bacteria-free 

zones that can be seen covering the majority of the surface of the disc.  

Regarding dead bacteria, the highest level among commercial composites was 

visualised in the Activa composite.  Among the novel composites, the highest level 

was visualised in the 16-8-3 formula.   
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Figure 30: Four Confocal microscopy images of live/dead stained biofilms formed 
on three commercial materials, control and five different composite formulations.  

 

5.4 Measurement of biofilm thickness.  

For this experiment, all novel composite formulations in Table 6 and commercial 

materials in Table 2 were studied.  The discs were visualised after 24 hours of biofilm 

growth in BHI + sucrose solution with the addition of  S. mutans, inoculum 5 X	101 

CFU/ml.  In this experiment, each composite material (novel and commercial) was 

tested on three discs.  On each disc, biofilm thickness was measured in three different 

zones, chosen randomly.  The biofilm thicknesses of the 3 zones per disc were added 

and divided by 3 to get the mean thickness per disc.  Then, the mean thicknesses of 

the 3 discs were added and divided by 3 to get the total mean. 

When considering all composite materials tested, the control material demonstrated 

the highest level of biofilm thickness (150 𝜇𝑚).  Similarly, biofilm thickness in all 

repetitions was higher in commercial composites than in the novel composites 

containing PLS/MCPM, with a thickness ranging between 130 to 150 𝜇𝑚. 

With regards to the novel composites, the findings demonstrate a negative correlation 

between the amount of biofilm thickness and the amount of PLS/MCPM added to the 

composite material.  For example, the lowest biofilm thickness was observed when 

testing the novel composite material containing the formulation of 16% MCPM / 8% 

PLS, with a reduction of more than 60% in biofilm thickness when compared to the 
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control material.  The highest biofilm thickness was noted in the formulation 

containing 8% MCPM / 4% PLS.  Nonetheless, this was still lower than the biofilm 

thickness noted in the control material and all other commercial composites.  These 

findings are summarized below in Figure 32. 

To conclude, both MCPM and PLS have a role on biofilm reduction when added to 

composite materials.  Omitting the antibacterial property in any dental material would 

potentially result in biofilm accumulation, therefore resulting in increased biofilm 

thickness.  

 

Figure 31: Mean ± (SE) biofilm thickness (µm) (Y-axis), on six different composite 
formulations and three commercial material (X-axis)l. In each of the three 
independent experiments n=9. 

 

5.5 Visualise biofilm thickness 

The aim of this test was to visualise biofilm thickness using confocal microscopy using 

the same discs previously described in section 5.4.  Video stacks of biofilm were 

saved using Lasersharp 2000 and formulated to 3D biofilm graphs by using image J 

(Image J Developers).   

With regards to commercial materials, biofilm growth on the Z250 material was 

condensed in a uniform pattern with almost all of the biofilm being packed with live 

bacteria.  The biofilm thicknesses were observed to be all at the same level of 

approximately 140 𝜇𝑚.   Biofilm growth on the GIC II material was less condensed 
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when compared to Z250 and displayed an irregular pattern.  The highest level was 

approximately 140 𝜇𝑚  and the lowest was approximately 80 𝜇𝑚.  As for the Activa 

commercial material, biofilm growth exhibited a more irregular pattern of biofilm 

growth compared to others.  It seemed to be condensed with minor irregularities and 

biofilm free areas.  These findings can be visualized in Figure 32. 

 

Figure 32: Biofilm growth after 24 hours on commercial materials (Z250, GIC II, 

Activa) visualised using confocal microscopy. 

 
The 0-0-3 formula (control formula) displayed a biofilm pattern similar to that seen in 

the Activa composite.  The growth was condensed with minimum variability.  With 

regards to the novel, MCPM/PLS-containing composites, biofilm growth on the 8-4-3 

formulation and the 16-4-3 formulation showed a high biofilm thickness reaching up 

to 270 𝜇𝑚.  The 12-6-3 (medium formulation) displayed a lower biofilm thickness 

when compared to control and low PLS formulations.  The highest level was 

measured at approximately 100 𝜇𝑚 and the lowest level at around 20 𝜇𝑚.  The lowest 

biofilm growth was clearly demonstrated by the composite formulation containing a 

high MCPM/PLS concentration, and this was lowest level of biofilm measured in all 

composites tested (commercial and novel).  These findings can be visualized in 

Figure 34 below. 
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Figure 33: S. mutans biofilm growth after 24 h on novel composites with different 

concentrations of PLS and MCPM under confocal microscopy. 

 

To conclude, biofilm growth seemed to be more in commercial materials and the 

control material in a similar manner – both having almost the same affinity to bacterial 

growth.  Biofilm growth was compressed and high in Z250, Activa and control, and 

high and fluctuant in GIC II. On the other hand, the addition of MCPM/PLS to the 

composite material decreased the amount of biofilm growth.  Different concentrations 

of MCPM/PLS demonstrated different slightly different effects on biofilm growth.  Low 

concentrations of PLS showed a relatively higher biofilm thickness, whereas, higher 

concentrations of PLS and MCPM decreased biofilm thickness, which can be clearly 

seen in the 16-8-3 formulation.  

 

In addition, the control material and almost all of the commercial materials seemed to 

have higher levels of live bacteria compared to composite formulations.  This is not 

the case with MCPM/PLS-containing materials which had a lower concentration of 

live bacteria and larger bacteria-free zones.  This shows the effect of both PLS and 

MCPM in eradicating bacteria.  
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The above results leave room for many questions that would require further research 

and more detailed evaluations.  For example, from the above formulations that were 

investigated – 2 formulations with relatively higher concentrations of MCPM/PLS 

seemed to portray desirable results with regards to their antibacterial properties – 

these two formulations are those containing the combination in the following ratios: 

8-8-3 and 16-8-3.  These two formulations demonstrated the lowest level of biofilm.  

However, although the concentration of MCPM was doubled, the final results with 

regards to biofilm growth and thickness remained comparable between the two 

groups – both were similarly low.  I believe that it would be interesting to examine 

those two formulations in details and look at whether or not increasing amounts of 

MCPM or PLS beyond a specific point would lead to a significant reduction in biofilm.  

That is - is there a cut-off point for the ratio of this formulation, beyond which, the 

effects are negligible?  Should the level of PLS be further increased in order to see 

yet a further drop in the biofilm?  I believe that it would be interesting to see if the 

modification of these concentrations beyond those that have been tested would yield 

different results. 

 

5.7 Measuring the effect of PLS release 
 
As mentioned in chapter two, the aim of this test was to measure the effect of PLS 

release.  When soaking composite formulations in water, PLS will be released out of 

the material.  To measure the effect of PLS released at a certain period (48 hours), 

the same test was repeated twice at each occasion, once with placing the materials 

with water and once without placing them in water (control test).  In the bar chart 

below, orange bars show the mean OD of CV of three tests (total of 9 samples) as 

measure of biofilm growth.  Blue bars show the mean OD of CV of 3 tests (total of 9 

samples) when materials were placed in water for 48 hours.  In addition, only three 

formulations were used in this test 12-6-3 (medium), 8-8-3 (low MCPM, high PLS) 

and 16-8-3 (high MCPM, high PLS).  The chart shows that there is an increase of 

around one unit of OD when the materials released PLS for 48 hours compared to 

the control test.  This means that during 48 hours, the discs are able to inhibit 1 unit 

of biofilm growth.  
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Figure 34: Mean ± (SE) optical density (OD) of CV staining biofilm growth of 3 test 
repetitions (Y-axis) on three composite formulations.  Orange bars shows mean OD 
without soaking the discs in water, blue bars shows mean OD after 48 in water. n=9. 
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Chapter five: Discussion 

Finding the ideal type of composite with the ideal composition has been the subject 

of international research over many years.  Many articles in the literature have tried 

to evaluate the role of different compositions in composites that would give the ideal 

results with regards to the antibacterial activity and effects on dental remineralization 

without compromising the mechanical dental properties and characteristics (Mehdawi 

et al., 2013; Farrugia and Camilleri, 2015; Dima et al., 2020).  Similarly, different 

studies have tried to investigate the role of different natural antibacterial peptides to 

overcome the problem of bacterial resistance to antibiotics (Mehdawi et al., 2013) 

(Dima et al., 2020) (Farrugia and Camilleri, 2015).  This is, furthermore, more delicate 

when it is applied to primary teeth in the pediatric population.  Dental care in this 

population requires special considerations with regards to the properties of the 

material used and its convenience of application. 

 

In this study, the role of the previously mentioned composite formulation was tested 

using different concentrations of PLS and MCPM.  Furthermore, these different 

concentrations were tested and evaluated under different environmental conditions. 

In order to comprehend the logic behind specific formulation selection, one must 

understand two main issues:  the oral microflora and the antibacterial roles of PLS 

and MCPM. 

The oral cavity is the natural habitat of the bacterial species known as S. mutans.  

This species has a major cariogenic role and its association with dental caries has 

been well established in the literature, as has been discussed in the earlier sections 

of this thesis.  Although different species and genera of bacteria have been isolated 

from the oral cavity, and S. mutans is not the only bacterial strain that plays a role in 

the development of dental caries, several studies have shown that this bacterial strain 

can modify the oral environment, leading to a low-pH in the oral cavity, and therefore 

creating favorable conditions for other acidogenic and aciduric strains to develop and 

thrive (Lemos et al., 2019).  Nonetheless, S. mutans remains the main causative 

bacteria involved in the development of dental carious lesions. 

 

The role of PLS in combatting dental bacterial growth has been previously extensively 

evaluated by many studies, and its efficacy has been proven (Farrugia and Camilleri, 

2015; Panpisut et al., 2016; Kyu et al., 2018; Lemos et al., 2019; Guo et al., 2020).  

Similarly, different studies in the literature have tried different combinations and 

formulations added to dental composites in order to see if such formulations had a 
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synergistic effect.  Some of the combinations tested included combinations of PLS 

with EPL, TCP TEGDMA and PPGDMA.  Although the results were variable, the 

combined action was promising. 

The main objective of this thesis was to assess the antibacterial role of combined PLS 

and MCPM added to dental composite.  This was done using different composite 

formulations containing different concentrations of PLS/MCPM and testing their 

efficacy on S. mutans biofilm under different environments.  Simultaneously, the 

same environments were applied to commercial composites, in a manner that allows 

comparison between the two groups. 

 

The different experiments allowed for the quantification of bacterial load, evaluation 

of biofilm thickness and direct visualization of bacterial activity under confocal 

microscopy.   

 

Measuring the optical density of the biofilm after 24 hours demonstrated that 

composites containing the combination of PLS and MCPM showed a better activity 

against biofilm growth, reflected by a significant reduction in the intensity of crystal 

violet staining.  Moreover, it was found that the anti-biofilm effect of this combination 

increased when the concentration of the combination was increased, with the highest 

effect being when the highest ratio of MCPM/PLS was tested (16-8) – showing a clear 

drop in the amount of biofilm formed.  This was not the case for the commercial 

materials, which showed higher levels of biofilm formation throughout the 3 repetitions 

of the experiment. 

 

These findings were constant and reproducible when the experiment was repeated.  

However, one could criticize that the above experiment could be simply due to the 

level of adhesion or absorption of the biofilm by the tested material – that is some 

materials will simply absorb the micro-molecules in the environment while other would 

not.  Therefore, this would mean that the optical density was higher in some of the 

tested materials because they absorb more surrounding micro-molecules and that 

this finding has no link with the formulation used in the material.  To put this theory to 

the test, and in order to evaluate the sensitivity and specificity of our experiment, we 

repeated the experiment using a different surrounding environment containing micro-

molecules in the form of CV and without any S. mutans.  If the increased optical 

density seen previously was simply due to the adhesive/absorptive properties of the 

tested materials, then we should theoretically get similar results.  However, when the 

above experiment was repeated without the presence of S. mutans biofilm, the results 
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demonstrated low CV absorption in all tested materials.  Therefore, this confirms the 

accuracy of the quantification method performed. 

 

With the efficacy of the PLS/MCPM combination against bacterial growth in mind, as 

demonstrated from the previous experiments, further evaluation was performed using 

confocal microscopy to provide direct microscopic visualization of bacterial growth on 

the tested materials.  This experiment demonstrated that, generally, commercial 

composites had a higher level of live bacteria than those using the PLS/MCPM 

combination.  Similarly, with higher concentrations of this combination, fewer active 

bacteria were visualized.  Interestingly, a combination using MCPM and PLS in the 

ratio of 12 : 6 (medium formula), showed the least amount of visualized bacteria.  This 

finding leaves room for thought.  It could be a user-dependent finding, as the bacteria 

were visualized only on a small area of the disc.  Therefore, one could hypothesize 

that should different portions of the disc be examined all together, the concentration 

of active bacteria would be lower and lower with increasing concentrations of the 

combination.  Another aspect of this experiment worth discussing, is the presence of 

dead bacteria on some materials but not on others.  This was seen mainly on the 

ACTIVA composite, and to a very low degree on the composite containing a high 

formula of PLS/MCPM.  Again, this could be user dependent as the discs containing 

those two materials were tested at the end, and this finding might not be of any 

significance given the lengthy circumstances of the test.   

 

To further evaluate the efficacy of our PLS/MCPM formulation, I tried to evaluate the 

effect of soaking the composites containing the formulation.  This would, 

subsequently lead to loss of PLS/MCPM from the composite due to washout.  Next, 

the composites, post soaking, were evaluated for bacterial growth 48 hours later and 

compared to composites containing the same formulation, but which did not undergo 

soakage.  It was found that the bacterial growth on soaked composites was only 

slightly higher than non-soaked composites.  This result would mean that the action 

of the PLC/MCPM seemed to be maintained over at least 48 hours with minimal loss 

of efficacy even after being soaked in sterile water solution as can be seen from the 

results section. 

 

Overall, the results of the experiments demonstrated that the susceptibility of biofilm 

growth to the formulation composed of PLS and MCPM was concentration 

dependent.  That is, the composite containing this combination had a significant 

inhibitory effect against S. mutans growth and reproduction.   This is not a novel 
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finding as the efficacy of PLS on bacterial growth in the oral cavity has been described 

in the literature by many different studies (Farrugia and Camilleri, 2015; Kulshrestha 

et al., 2016; Panpisut et al., 2016; Guo et al., 2020). 

 

An interesting finding from our experiments is the role of MCPM.  The findings 

demonstrate clearly that increasing the concentration of MCPM seemed to have an 

important effect on lowering bacterial growth, as can be seen from the optical density 

of the biofilms and similarly as seen directly under confocal microscopy. 

 

This interesting finding makes room for several hypotheses:  

Does MCPM have antibacterial properties that allow it to cause a reduction in 

bacterial growth?  Does MCPM have a synergistic effect when combined with PLS? 

As previously mentioned, MCPM is a hydrophilic inorganic compound.  Due to this 

property, it is often added to dental composites as it will form phosphoric acid and 

brushite upon contact with water.  The phosphoric acid will improve bonding of the 

composite material to the tooth and brushite will improve dental remineralization.  

However, in the literature MCPM has not been shown to have any specific 

antibacterial effect.  Then why does the antibacterial effect of PLS seem to increase 

when the concentration of MCPM is increased in the formulation in our experiments?   

 

One probable explanation is that MCPM has a synergistic effect when combined with 

PLS making its efficacy higher.  Although a plausible hypothesis, such synergy has 

not been previously described in the literature.  Another possible explanation is that 

MCPM could potentially have an effect on the time of release of PLS from the 

composite.  This means that MCPM allows for an interaction to occur which allows 

for PLS to be released from the composite at an earlier stage.  This would, therefore, 

allow for the PLS to have a better effect against bacterial growth as the duration of 

action persists for a longer period of time.  Such interaction has been previously 

described by Panpisut et el. in 2016 (Panpisut et al., 2016), however the composition 

described in this article also contained tristrontium phosphate (TSrP).  The authors 

found that their formulation of PLS/MCPM/TSrP promoted apatite formation and 

dental remineralization.  Furthermore, PLS seemed to be released from the 

composites to the tooth at an earlier time, thus allowing for a better action against 

residual bacteria (Panpisut et al., 2016). 
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Chapter Six: Limitations 

 
Due to the nature of the experiments performed for this thesis, there are several 

limitations that are important to be highlighted. 

 

First and foremost, the work up of this thesis was done during a very difficult period 

worldwide – The COVID-19 Pandemic.  Due to the circumstances dictated by the 

pandemic, there were many limitations with regards to access to the university 

laboratory.  I believe that, would the circumstances been different, the sample size 

included in this thesis could have been larger.  As a consequence, this affected the 

initial plan for an advanced statistical analysis of the data, which was not performed 

as planned due to the limited sample size. 

 

Second of all, testing each composite formulation and different commercial materials 

required the preparation of separate composite discs for each formulation and 

material.  Without any incidents, such preparation, as explained in the methods 

section, would require around 5 minutes.  However, this is user dependent.  Some of 

the difficulties encountered, which have led to the prolongation of preparation time, 

included: 

 

1. The presence of air bubbles on the disc 

2. Fractures of the disc while removing the circlip 

3. Light cure inadequacy – which could have led to missing parts of the disc – 

potentially leading to inaccurate results 

 

Due to these time-consuming difficulties in preparing the composite discs, the number 

of experiments performed was limited to 3 repetitions per experiment.  Due to the 

small sample size, an advanced statistical analysis, which could have provided more 

interesting results, could not be performed. 

 

Although this number of experiments was adequate to find plausible results regarding 

the efficacy of the tested formulations, it would require further testing in order to 

withdraw generalized conclusions. 

 

The third limitation is the accuracy of visualized bacteria via confocal microscopy.  

This is due to some technical difficulties that I encountered using the microscope, as 

I have no past experience in using the device.  Therefore, this could have led to 
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inaccurate results in the first tests.  Furthermore, after becoming accustomed with the 

manipulation of the microscope, later results seemed to be slightly different, yet more 

likely to be accurate. 

 

Another limitation is the quantification of biofilm thickness using confocal microscopy.  

Again, this is in relation to the accuracy of the findings reported in the results section.  

As a protocol, 3 different areas were tested under microscopy to evaluate the biofilm 

thickness.  These 3 zones were chosen randomly with no specific selection criteria.  

Although one can argue that this would eliminate bias from the results, these areas 

do not cover 100% of the disc.  Therefore, the tested zones might not be a true 

representation of the effect of the formulation on the disc as a whole.  Similarly, some 

of the areas chosen in one test might have a higher or lower biofilm thickness, 

therefore leading to possible inaccurate results. 

 

The same limitation applies when visualizing the biofilms.  That is, only one area of 

the disc was randomly selected for confocal visualization – therefore, this selected 

zone might not always be representative of the overall effect on the disc. 

 

As previously mentioned, for the purposes of this thesis, the efficacy of the 

PLS/MCPM formulation was tested uniquely against S.mutans.  Although this 

bacterial species is the commonest, the oral cavity contains a mixed bacteria flora 

which could ultimately contribute to the formation of dental caries and dental 

demineralization.  Therefore, in order to formally confirm the true efficacy of this 

formulation, different species of bacteria commonly found in the oral cavity need to 

be tested on the different suggested materials and formulations.  

 

Finally, the effect of each material and formulation was limited to the testing period of 

24 hours.  Therefore, the reported results would only be representative for that 

selected period.  It would be interesting to have some of the tests repeated over 

different time intervals to allow for comparison over a timeline – for example 24 hours, 

48 hours, 72 hours.  This is specifically interesting for visualizing live and dead 

bacteria under confocal microscopy and would have allowed for time-point evaluation 

of the evolution of bacterial life span. 

 

Regardless of these limitations, the results are plausible, and the findings of the 

performed experiments were reproducible and consistent.  Yet again, testing on a 

larger scale should be performed to provide solid confirmation of these findings. 
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Chapter Seven: Future work 

In this thesis, the antibacterial properties of composites containing different 

formulations of PLS and MCPM were investigated using several experiments.  The 

efficacy of these formulations, which contained different concentrations of 

PLS/MCPM, was tested and compared with commercial materials. 

 

As previously mentioned, there were several limitations to the experiments performed 

and these limitations would require more intensive research in future works. 

 

Firstly, future work on this subject should be performed on a larger scale containing 

more samples with more repetitions.  This will allow for formal confirmation of the 

described findings and allow for the withdrawal of generalized conclusions on the 

tested formulations. 

 

Second of all, the antibacterial effects of the currently selected formulations have 

been tested on a single strain of one species of bacteria: S. mutans.  Future work 

should incorporate testing on different strains of S. mutans and different species of 

oral bacteria such as, Streptococcus salivarius, Streptococcus mitis, Streptococcus 

oralis and Lactobacillus spp. 

 

Similarly, for the purposes of this thesis, results of the performed experiments were 

acquired after an observational period of 24 hours.  It would be important for future 

work in this field to acquire results after different timepoints to allow for interval 

comparison.  That is, to compare findings between different concentrations of the 

tested formulations against commercial materials over multiple times points that go 

beyond 24 hours.  These comparisons could provide alternative results than those 

that have been described in this work, as the antibacterial properties of the 

PLS/MCPM formulation could be modified at a later stage. 

 

Another area for future work would be testing the amount of PLS released from the 

composites using different concentrations, especially the formulations with high 

concentrations of PLS and MCPM.  The rationale behind this is to assess whether 

higher concentrations promote the levels of higher PLS release, thus, providing a 

better antibacterial action.  This aspect would be interesting to investigate as the 

current experiments seem to be in favor of the antibacterial activity provided by higher 

concentrations of the formulations. 
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Additionally, the formulations were tested on a lab made inoculum of S. mutans.  This 

bacterial milieu does not account for the effect of saliva in the oral cavity.  Whether or 

not the efficacy of the tested formulations is lowered or diminished by the effects of 

enzymes and bacteria found in the saliva is an area for investigation.  Therefore, 

future work should include saliva to provide an environment that is closer in its 

similarity to the oral cavity. 

 

Finally, and in addition to the saliva, the antibacterial effects of the composite 

formulations should be tested on real teeth containing dental caries.  Yet again, this 

would provide an environment that closely mimics the real environment in the oral 

cavity and would provide a more realistic evaluation of these formulations. 

 

Combining all of these areas in future work would surely allow for the finding of the 

ideal composite formulation using the ideal concentrations of the active ingredients 

that would have the optimal antibacterial properties. 
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Chapter Eight: Conclusion 

Dental caries is the most prevalent infectious disease in humans, affecting up to 97% 

of the population in their lifetimes (Berg, 2006).  Historically, and in general, the 

commonest pathway for treating caries seems to be via surgical restorative 

interventions.  The reason behind this being the lack of clinical tools to detect caries 

at a stage early enough for them to be treated via medical approaches or minimally 

invasive dentistry (Berg, 2006).  However, this concept of treating the consequences 

and advanced complications of dental caries using the surgical approach is slowly 

being replaced by techniques of prevention and early detection with minimal surgical 

intervention.  This approach is specifically important in the pediatric population where 

the level of cooperation is often very low, unlike in the majority of adults. 

 

For this reason, amongst others, the number of new technologies for treating dental 

caries is rapidly expanding, and new methods to combat disease progression at a 

very early stage are being largely investigated and tested. 

 

The primary aim of this thesis was to create and evaluate a dental composite that 

would have the same mechanical properties of commercial composites, yet with 

added antibacterial and remineralization properties.  Finding such composite 

formulation would allow dentists to perform minimal dental interventions, if required, 

followed by the placement of this composite formulation that would provide adequate 

antibacterial cover to lower the risk of recurrence.   Using a series of experiments, the 

antibacterial properties of a composite formulation containing MCPM and PLS was 

tested on discs containing an inoculum of S. mutans.  The same experiments were 

conducted on commercial materials and the results were compared to evaluate the 

efficacy of this formulation.  The experiments involved quantification of bacterial 

growth, visualization of live and dead bacteria and biofilm thickness under confocal 

microscopy, measurement of biofilm thickness and measurement of PLS release after 

soaking the material in sterile water.  The aim was to evaluate the antibacterial 

efficacy of the MCPM/PLS composite formulation using different concentrations of 

the two ingredients: from low concentrations – 8% MCPM / 4% PLS to high 

concentrations 16% MCPM / 8% PLS.  

 

The results of the different experiments, which were each repeated three times, 

showed a similar trend with a negative correlation between higher levels of this 

formulation and bacterial growth.  Comparing these results with the results of the 
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commercial materials tested (Z250, Fujii II and Activa), it was found that the non-

commercial composite formulation was largely superior with regards to their 

antibacterial activity, as could be seen from the individual experiments. 

 

The results of this thesis support the use of MCPM/PLS formulations in future 

composites.  The antibacterial properties of PLS are not an area of debate, as its use 

has been studied and investigated by different articles in the literature, and its efficacy 

has been proven (Najjar et al., 2009; Liu et al., 2015; Dima et al., 2020; Guo et al., 

2020).  The addition of MCPM to this formulation seemed have a synergistic effect as 

increasing the concentration of this ingredient seemed to, similarly, increase the 

antibacterial efficacy of the formulation.   

 

In conclusion, the use of MCPM/PLS formulations in dental composites has highly 

promising results from our primary investigations.  Their eventual use in dental 

practice can prevent the occurrence of complicated dental complications as their 

properties allow for better caries control, due to the antibacterial effects. 

As previously mentioned, further large-scale studies will be required to confirm the 

efficacy of such formulation and allow for public use. 
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Abstract 

Title: Audit of splinting and review times of traumatic periodontal injuries.  

Background: Periodontal traumatic injury management is important to assure a 

favourable outcome.  Failure to review patients within the recommended time frame 

can increase the risk of missing root resorption, loss of vitality and increase treatment 

complications.  

Aim: Audit splinting and review times for traumatic periodontal injuries. 

Standard: 100% of patients should follow the International Association of Dental 

Traumatology 2012 (IADT).  

Methodology:  

Audit of patient records 

1. First cycle: 40 patients (April 2017-Jan 2018), Second cycle: 40 patients (Feb-

Nov 2019).  

2. Inclusion criteria: Periodontal injuries in permanent dentition, with at least 6 

months follow-up.  

3. Splinting times, follow up (FU) times and reason for non-compliance recorded.  

Results: First cycle, 94.4 % (17/18) splint removal, and only 40% (16/40) FU met 

IADT guidelines, compared to 100 % (13/13) splint removal and 80% (32/40) FU in 

Second cycle. Reasons for non-compliance:  

Cycle Clinicians 

requesting 

incorrect 

FU time 

Cancellation  WNB Booking 

service 

Safeguarding 

1 52% 5% 7.5% 12.5% 2.5% 

2 11% 5% 2.5% 2.5% 0% 
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Recommendation and Action plan:  

1. Results shared at departmental governance meeting and distributed to staff.  

2. Trauma review times poster in clinic.  

3. Reception staff informed of the importance of booking trauma FU within 

requested time.  

4. Parents and patients were reminded of the importance of attending 

appointments.  

Conclusion: There was a significant improvement of periodontal injuries splinting 

and FU times, but the standard was not achieved.  Re-audit is planned in 6 months 

time.  
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1 Literature review  

1.1 Epidemiology 

1.1.1 Prevalence and incidence 

 

The prevalence of traumatic dental injury (TDI) is high worldwide.  In the USA, a large 

national survey in 6-50 years olds showed that 1 in every 4 adults had a history of 

TDI (Kaste et al., 1996).  In the United Kingdom, 1 in every 5 children have 

experienced TDI to their permanent dentition before leaving school (Lam, 2016).  The 

literature shows that boys sustain more TDI than girls and that the prevalence of TDI 

increases with age.  However, the boy to girl ratio in most countries is different.  The 

general finding is that boys have almost twice TDI than girls, this might be related to 

the active participation of boys in contact games and sports  

(Andreasen, 1970a). 

 

1.1.2 Distribution by sex, age and socioeconomic status 

 

Various studies showed that the majority of TDI occurs at childhood and young 

adulthood. It is estimated that 71-92% of all TDI happens before the age of 19 years. 

However, TDI decreases after the age of 24.  Few reports on TDI have studied the 

relationship between TDI and socioeconomic status. One study showed that risk of 

TDI increased among high socioeconomic groups. This may be related to the higher 

ownership of bicycles, skateboard, roller skating and access to swimming pools than 

those from low socioeconomic status (Marcenes et al.,  2001) 

 

1.2.3 Teeth involved 

 

The majority of dental injuries involves the anterior teeth. The upper central incisors 

predominate. On the other hand, mandibular central incisors and maxillary lateral 

incisors are less frequently involved. Dental injuries frequently affect a single tooth. 

However, traumatic injuries involved in sports usually include multiple tooth injuries 

(Onetto et al., 1994). 
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1.2.4 Predisposing factors  

 

Protrusion of upper anterior segment, increased overjet and incompetent lips are 

predisposing factors to TDI.  Studies shows that the chance of TDI in children with 

increased overjet is doubled.  Furthermore, the greatest percentage of injured teeth 

in children are in those children with increased overjet. Children with incompetent lips 

are shown to have threefold risk of TDI to the maxillary anterior teeth.  Special needs 

patients are also at high risk of TDI when compared to healthy individuals (O’Mullane, 

1973; Skaare and Jacobsen, 2003). 

 

1.1.5 Types of traumatic dental injuries  

 

The most common type of traumatic dental injuries to permanent teeth is 

uncomplicated crown fractures (Rennie et al., 2007). Luxation injuries compromise 

15-61% of dental trauma to the permanent dentition (Andreasen et al., 2019). In 

addition, soft tissue injuries are seen in 28% and alveolar bone fractures only 6% of 

TDI (Petersson et al., 1997). 

 

1.2 Aetiology of TDI 

1.2.1 Falls  

 

Falls are widespread in young children and adults.  The incidents of TDIs reaches its 

peak just before school age and consists mostly of injuries due to falls and collisions.  

Home is the most common place of injury pre-school children.  Falls with being struck 

by an object are the most common causes of injury.  

 

1.2.2 Physical leisure activities  

 

Teenagers often get injured from sport activities.  Federation Dentaire International 

(FDI) has categorised sport in two categories, high risk sports and medium risk 

sports(Tyas et al., 2000). High risk sports included hockey, lacrosse, martial sports, 

rugby and skating while medium risk sport including basketball, diving, squash, 

gymnastics, parachuting and water polo.  Some studies confirmed that contact sports 

like ice hockey, soccer, baseball, American football, basketball, rugby are the major 

TDI events (Lees and Gaskell, 1976).  Around 1.5% to 3.5% of children participating 
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in contact sports sustain dental injuries each year. Some studies concluded that one 

third of dental injuries and around 19% of trauma to head and face are sport related 

(Meadow et al., 1984). To avoid trauma, special precautions such as wearing a 

helmet can reduce the number and or severity of these injuries.  Moreover, 

mouthguards have an important role in preventing TDI (Bakland and Andreasen, 

2004).  

 

1.2.3 Traffic accidents  

 

Traffic accidents contain bicycle, pedestrian and car related injuries. Injuries related 

to traffic accidents are seen more frequently in teenagers ( Kulowski , 1956).  The 

passenger in the front seat are more prone to facial injuries that the back seated ones.  

This kind of trauma consist of multiple dental injuries, alveolar bone and soft tissue.  

Children seating or standing in the front seat are at high risk of TDI ( Andreasen , 

1970a).  In addition, injury can occur as a result of being thrown against the 

dashboard during sudden stops.  This accident can be prevented by enforcement of 

speed limits for cars, use of air bags, car seats for young children and seat belts 

(Fasola et al., 2003).  

 

Bicycle related injuries can be very severe if the cyclist is travelling at high speed at 

the time of collision.  Moreover, it is shown to be more common up to age of 14 years 

old. To prevent such injury, use of bicycle helmet can prevent TDI and facial injuries 

by 65% (Liu et al., 2008). One study suggested extension of the area of helmet 

coverage can reduce the risk of facial trauma(Acton et al., 1996).  

 

1.2.4 Inappropriate use of teeth 

 

The most inappropriate uses of teeth reported in the literature are biting a pen, 

opening hair clip, packets, fixing electronic equipment and cutting and holding 

objects.  

 

1.2.5 Physical abuse 

 

Small children are prone to non-accidental injuries (NAI). Child abuse occur in around 

.6% of children and 10% teeth are involved in the injury (Haug and Foss, 2000).  

Moreover, approximately 16-30% of dentist reported to have seen or suspected a 
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case of child abuse and only 6-14% claimed to have reported the case (Andreasen, 

1970a; Needleman, 1986). Physical abuse mostly happens at home and dental 

professionals have an obligation to record and report it.  

 

1.3 Classification of dental injuries  

 

Dental trauma injuries are classified according to World Health Organization (WHO) 

(‘Application of the International Classification of Diseases to Dentistry and 

Stomatology’, 1973).  

 
1.3.1 Injuries to the dental hard tissues and pulp 

 

Enamel infraction: an incomplete fracture (crack) of the enamel without loss of tooth 

substance. 

 

Enamel fracture (uncomplicated crown fracture):  a fracture with loss of tooth structure 

confined to enamel.  

 

Enamel-dentine fracture (uncomplicated crown fracture):  a fracture with loss of tooth 

substance confined to enamel and dentine, but not involving the pulp.  

 

Complicated crown fracture:  a fracture involving enamel and dentine exposing the 

pulp.  

 

Uncomplicated crown root fracture:   a fracture involving enamel, dentine and 

cementum but not exposing the pulp 

 

Complicated crown root fracture: a fracture involving enamel, dentine and cementum 

and exposing the pulp. 

 

Root fracture:  a fracture involving dentine, cementum and the pulp.  
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1.3.2 Injuries to the periodontal tissues  

 

Luxation injuries compromise 15-61% of dental trauma to the permanent dentition. 

Depending on the force and direction of injury, a variety of luxation injuries may occur.  

Five different luxation injuries can be recognised:  

 

Concussion:  an injury to the tooth supporting structures without loosening or 

displacement but with evident reaction to percussion.  

 

Subluxation:  an injury to the tooth supporting structure with abnormal loosening but 

without clinically or radiographically displacement to the tooth supporting structure.  

 

Extrusive luxation:  axial partial displacement of the tooth out of its socket. 

Radiographic examination always shows elongated tooth and widening of periodontal 

space.  

 

Lateral luxation: the tooth displaced laterally and locked in the alveolar bone. Usually 

accompanied with fracture of the alveolar bone.  

 

Intrusive luxation:  displacement of the tooth in to the alveolar bone.  This injury is 

accompanied by fracture of the alveolar bone.  Radiographic examination shows 

diminished or missing periodontal ligament space.  

 

Avulsion: complete displacement of the tooth out of its socket.  Radiographically it is 

seen as an empty socket.  

 

1.3.3 Injuries to the supporting bone 

 

Comminution of the maxillary/mandibular alveolar socket:  crushing and compression 

of the alveolar socket. 

 

Fracture of the maxillary/mandibular alveolar socket wall:  a fracture confined to the 

facial or oral socket wall.  

 

Fracture of the maxillary/mandibular alveolar process:  a fracture of the alveolar 

process which may or may not involve the alveolar socket.  
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Fracture of the maxilla/mandible:  a fracture involving the base of the maxilla or 

mandible and often the alveolar process.  The fracture may or may not involve the 

alveolar socket.  

 

1.3.4 Injuries to gingiva or oral mucosa  

 

Laceration of the gingiva or oral mucosa:  a shallow or deep wound in the mucosa 

resulting from a tear, and usually produced by a sharp object.  

 

Contusion of gingiva or oral mucosa:  a bruise usually produced by impact with blunt 

object and not accompanied by a break in the mucosa, usually causing submucosal 

haemorrhage.  

 

Abrasion of gingiva or oral mucosa:  a superficial wound produced by rubbing or 

scraping of the mucosa leaving a raw, bleeding surface.  

 

1.4 Examination and diagnosis of dental injuries  

1.4.1 History taking  

 

An adequate history is important to reach a diagnosis.  To save time, a standard 

trauma forma is recommended for history, examination and follow ups.  Important 

questions that should be asked in any dental trauma are listed below: 

 

1) Patient name, age, sex, address and contact number  

It is necessary to have patient identifiable information.  

 

2) When did the injury occur?  

The time between the injury and dental presentation influence treatment options 

and results of treatment. for example, result of implantation of an avulsed tooth 

when extraoral time more or less than 60 mins highly influence tooth prognosis. 

 

3) Where did the injury occur? 

The place of the incident may indicate the need for tetanus prophylaxis.  

 

4) How did injury occur? 
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The nature of the injury can give information on the type of injury.  For example, 

fall in the ground with hitting the mouth in the ground might result on lateral 

displacement of the teeth.  Moreover, exclusion of non-accidental traumatic 

injuries is important.  This can be investigated by matching the type of injury with 

the parental story of the injury. 

 

5) Treatment elsewhere?  

Previous dental treatment to the injured teeth such as re-implantation, re-

positioning, splinting, restoring and initial root canal treatment should be recorded.  

A delay in seeking dental management can also be an indicator of safeguarding 

issue.  

 

 

6) History of previous dental injuries  

Patient with a history of trauma is more likely to get a second trauma.  

Investigation of the reasons behind this factor is important.  

 

7) Anyone involved? 

It is important to ask the parent and patient if anyone was involved in the trauma.  

This is to exclude physical abuse or safeguarding issue.  

 

8) Medical history 

Medical history should be taken in the first visit and then confirmed updated in the 

subsequent visits.  Allergic reactions and certain disorders such as bleeding and 

neurological and cardiac conditions can influence emergency and later treatment. 

Moreover, to exclude head injury, dentists should ask about unconsciousness, 

drowsiness, vomiting and headache.  

 

9) Pain history 

Patients should be asked about the site, onset, characteristic, radiation, 

association, time, exacerbating and relieving factor and severity of pain.  Pain 

history should be updated every visit and especially in the follow up appointments 

to rule out signs of non-vitality. Spontaneous pain indicates injury to the tooth 

supporting structure and possible damage or rupture of vascular system and thus 

hyperaemia into the periodontal ligament. In addition, reaction to cold or hot 

stimulus indicates exposed dentine and or pulp, whereas, difficulty and pain 

during mastication indicate injured periodontal tissues.  
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1.4.2 Clinical examination  

 

An acceptable clinical examination depends on a detailed examination of the injured 

teeth and its surrounding area and use of special investigation tools.  

 

1.4.3 Extraoral examinations  

 

It is important to record extraoral wounds like lacerations, bruises and contusion.  

Palpation of the facial skeleton confirms alveolar bone fractures.  The location of the 

wound and fracture indicates where and when the injury happened.  In addition, facial 

haematoma can indicate alveolar bone fracture.  Wound penetrating the whole 

thickness of the lip can indicate the presence of tooth fragment. If this is suspected 

then a radiograph should be taken to confirm the presence of the fragment.  

 

1.4.4 Intraoral examination  

 

After extraoral examination, a thorough intraoral examination is required.  Gingival 

bleeding, lacerations and haematoma should be noted.  Bleeding covering the oral 

environment structures should be cleaned to check underlying tissues of possible 

trauma.  Teeth with infraction injury can be visualised under light beam parallel to the 

tooth. when examining tooth fracture, it is essential to note if the fracture confined to 

enamel, dentine or pulp. fracture line should be examined carefully and check for pulp 

exposure. Pulp exposure location, size and bleeding should be noted.  Moreover, 

teeth colour should be noted, were the change of teeth colour can indicate a change 

in the pulp vitality.  Displacement of teeth indicated luxation periodontal injuries.  This 

kind of trauma should be noted very carefully as small displacement of the teeth can 

be missed.  Occlusion should also be checked, as alteration of the occlusion possibly 

indicates luxation injuries, root fractures and alveolar bone fractures.  The direction 

of the luxated teeth must be recorded as well.  This is very important in the primary 

dentition as the apex direction can alter the formation of the permanent successor. 

 

All teeth involved in the trauma and the adjacent teeth horizontal and axial mobility 

should be tested. The degree of mobility can predict they type of injury.  Moreover, 

percussion test by tapping gently on the tooth using the handle of the tooth mirror.  

Pain on percussion, indicates periodontal ligament injury.  Percussion test should be 



 131 

performed in the horizontal as well as the vertical direction.  The percussion test 

should be started on non-injured tooth and then moved to the injured one for 

comparison.  The type of percussion sound indicates the type of trauma. For example, 

metallic sound in the horizontal direction indicates that the tooth is locked in the bone. 

Moreover, palpation of the alveolus and soft tissue around the injured teeth is 

important. Tenderness in palpation of the alveolus might indicate injury to the 

periodontal structure, infection or root fracture. 

 

Pulp sensibility test must be performed in the initial visit and repeated in the follow-

up appointments.  Sensibility tests then can be compared each visit to the previous 

appointments. There are several types of sensibility tests as shown below: 

 

1.4.4.1 Thermal test  

 
Thermal stimulation of the tooth is well known for many years.  The most commonly 

used methods are heated gutta percha, ice, ethyl chloride and carbon dioxide snow.  

Thermal pulp test reproducibility is questionable and might yield negative response 

(Fulling and Andreasen, 1976).  A positive response might indicate a vital pulp tissue.  

However, a positive response can also occur in non-vital pulp (Jafarzadeh and 

Abbott, 2010).  

 

1.4.4.1.1 Heated gutta-percha  

 
This method was advocated by Mumford (Mumford, 1966).  A stick of Gutta percha 

is heated then applied in the centre of the tooth for 2 seconds.  This method is not 

fully accurate as the sensation reported by the patient is not reproducible.   The 

sensitivity and specificity of this test is 0.86 and 0.41 respectively.  

 

1.4.4.1.2 Ice  

 
This method involves application of ice cube on the buccal surface of the tooth.  

Reaction of this method depends on the duration of the stimulus. It was suggested 

that a duration of 5 to 8 seconds increase the sensitivity of this test.  The reliability of 

this procedure is also questionable as healthy teeth might not respond.  

 
1.4.4.1.3 Ethyl chloride  
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Ethyl chloride test can be performed by soaking cotton pudd or cotton pledget and 

placing it on the buccal surface of the tooth.  Ethyle chloride give more consistent 

results when compared to gutta percha method.  The sensitivity and specificity of this 

test are 0.83 and 0.93 respectively.  

 

1.4.4.1.4 Carbon dioxide snow 
 
This method is very reliable due to the low temperature of carbon dioxide.  This 

method allows adequate pulp testing for teeth covered with crowns or splint.  On the 

other hand, the very low temperature of carbon dioxide might be responsible for new 

enamel infraction lines.  

 

1.4.4.1.5 Electric pulp test  
 

Electric pulp testing (EPT) is usually carried out by first informing the patient of the 

nature and the purpose of the procedure and is instructed to inform by a signal when 

a sensation is experienced.  The tooth surface is isolated with cotton rolls and air 

dried, saliva on the tooth can transmit the current to adjacent teeth and periodontal 

tissue which in turn gives inaccurate readings.  Many conductors can be used as 

conductor between electrode and tooth surface like saline and tooth paste.  Then the 

electrode is placed in the tooth surface and the neutral electrode is held by the patient.  

Next, the EPT is turned on and the voltage increased slowly until the patient feel the 

stimulus and the reading is noted.  Nonresponsive tooth does not necessarily indicate 

non-vital tooth unless more than one sign of no vitality is shown.  This explains the 

importance of repeating sensibility tests in every follow up visit.  

 

1.4.5 Radiographic examination  

 

All injured teeth should be examined radiographically.  This examination is important 

for two main purposes.  Firstly, it shows the stage of tooth development.  Secondly it 

reveals injuries to the root, periodontal structure and apical pathologies.  Most root 

fractures are rolled out by taking two radiographs at two different angles.  In addition, 

the clinical diagnosis of luxation periodontal injuries is widening of the periodontal 

ligament space especially in lateral luxation and extrusion injuries.  On the other hand, 

intrusion luxation will show absent and or blurred periodontal space due to crushed 

periodontal ligament. dislocation of permanent teeth requires the use of more than 

one radiograph at different angulation. This is usually performed using 3 different 
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angulations for each traumatised tooth. This procedure confirms diagnosis of luxation 

injuries and root fractures.  Children under two years of age and or un cooperative 

patients are often difficult to examine radiographically.  However, with the use of 

radiograph holder and help of parent is usually possible to perform a radiograph.  

 

Extraoral radiographs can also obtain a diagnosis of alveolar bone fracture.  

Moreover, tooth fragment within the lip can be located using film placed between the 

dental arch and the lips. Conventional computed tomography (CT) scanning, is useful 

method in the diagnosis of maxillofacial injuries especially in cases of Lefort 1,2,3 

fractures.  

 

1.5 Unfavourable outcomes after traumatic periodontal injury 
1.5.1 Luxation injuries 

1.5.1.1 Pulp necrosis 

 

The occurrence of pulp necrosis after luxation injuries has been estimated to range 

from 15 to 59% (Andreasen, 1970b).  Two factors have been found to indicate the 

chance of pulp necrosis, these are the maturity of the tooth and the type of luxation 

injury.  The highest frequency of pulp necrosis is among intrusion injuries followed by 

lateral luxation and extrusions (Andreasen et al., 1986).  Whereas the lowest 

frequency of pulp necrosis are concussion and subluxation injuries.  Moreover, pulp 

necrosis occurs more in mature teeth. Revascularisation of the tooth is more easily 

achieved in immature root with large apical foramen, hence favouring the chance of 

pulp survival.  Regarding diagnosis of pulp necrosis following luxation injuries, as 

mentioned previously this depends on the type of injury.  It is estimated that in 

concussion and subluxation injuries necrosis can be diagnosed in the first 6 months 

after the injury (Andreasen and Pedersen, 1985).  On the other hand, it may take up 

to 2 years after injuries such as extrusion, lateral luxation and intrusion luxation. 

Therefore, a careful follow-up regime should be performed to prevent missing pulp 

necrosis.  

 

In the permanent dentition diagnosis of pulp necrosis can be associated with 

spontaneous pain, tenderness in percussion or on biting and change in colour.  In 

addition, it might be asymptomatic and clinical history and examination alone is not 
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efficient for definitive diagnosis. Thus, special tests such as radiographic examination 

and sensibility tests is important to confirm tooth vitality.  Widening of periodontal 

ligament space and presence and apical radiolucency indicate the presence of 

infection (Cvek, 1972).  

 

Transient apical breakdown (TAB) is defined as temporary apical radiographic 

changes around the apical foramen which occur following acute dental trauma. TAB 

occurs more frequently after luxation injuries, when the vascular supply at the apical 

foramen are damaged and leads to ischemic alterations in the pulp. however, 

possible healing and re-vascularisation occurs after TAB.  Hence, delay of pulp 

treatment and careful monitoring of the injured tooth is important to prevent extirpation 

of a tooth with revascularization capacity (Andreasen, 1989, 2003).   

 

1.5.1.2 Pulp canal obliteration 

 

Pulp canal obliteration (PCO) is defined as deposition of dental hard tissue in the pulp 

canal system after dental trauma.  PCO is related to the pulp revascularisation after 

pulp necrosis. Moreover, the rate of obliteration depends of the degree of luxation 

injury.   of PCO is indicated as tooth colour change from white to yellow colour, absent 

or lowered response to sensibility test and radiographically pulp tissue is being 

replaced by hard tissue (de Cleen, 2002). Pulp canal obliteration is usually appearing 

3 to 12 months after the injury and is shown radiographically as partial PCO or total 

PCO.  Complication after PCO can be the development of pulp canal necrosis (PCN) 

(Andreasen and Kahler, 2015). PCN is shown in 7-16% of all cases (McCabe and 

Dummer, 2012).  

  

1.5.1.3 Root surface (external) resorption 

 

The damage caused to both periodontal and pulp system by luxation injuries results 

in many types of root surface resorptions.  These are surface resorption, inflammatory 

resorption and replacement resorption (Fuss et al., 2003).  
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1.5.1.4 Surface resorption (repair related resorption) 

 

The root surface resorption is a localised kind of resorption, not progressive and self-

limiting and reveals spontaneous repair. Due to their small size, they are not usually 

seen in radiographs.  They are usually seen in the lateral surface of the root and 

sometimes in the apical surface which leads to root shortening (Tronstad, 1988).  

 

1.5.1.5 Ankylosis (replacement resorption) 

 

Ankylosis is an unusual finding after luxation injuries but common in intrusive 

luxations. Ankylosis appears after direct contact of bone and root surface. This leads 

to root being replaced by bone. Disappearance of the periodontal space and 

progressive root resorption are typical radiographic finding (Heithersay, 2007; Sapir 

et al., 2009).  

 

1.5.1.6 External Inflammatory resorption  

 

In the presence of inflammation and necrotic pulp in the root canal system, 

inflammatory resorption starts.  It can be seen radiographically as bowl shaped areas 

of resorption of both cementum and dentine with inflammation of periodontal tissue.  

 

To conclude, root surface (external) resorption occurs most commonly after intrusive 

luxation or severe lateral luxation.  Subluxation injuries are less susceptible to root 

resorption and more vulnerable for healing.  

 

1.5.1.7 Internal inflammatory root resorption  

 

This type of resorption seen radiographically by an oval shaped enlargement within 

the pulp chamber and most commonly seen in the cervical area of the root canal 

system.  Continue progression of root canal resorption depends upon the interaction 

between necrotic and vital pulp tissue.  As a result of this, root canal treatment should 

start immediately after pulp necrosis and before internal inflammatory resorption 

(Hermann et al., 2012).  
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1.5.2 Avulsion  

1.5.2.1 Replacement resorption  

 

Replacement resorption which is defined previously as the root being replaced by 

bone is most predicted after avulsion injuries and requires careful and systemic 

monitoring. Ankylosis can be diagnosed after 4 to 8 weeks by percussion test which 

shows ankylotic sound and absent of tooth mobility.  Radiographically, ankylosis can 

be seen when 20% of root are affected (Day and Duggal, 2010). As radiographs is 

two dimensions image and ankylosis start buccally and lingually, ankylosis might not 

be seen in radiographs soon after the injury. Furthermore, the rate of bone turnover, 

depends on patient age.  The younger the patient, the higher the bone turnover.  

Therefore, it is important to estimate the possible severity of infra-occlusion and 

careful monitoring for immediate interceptive treatment. The treatment of choice for 

this case is decoronation (Finucane and Kinirons, 2003).  Decoronation procedure 

consist of removal of the tooth crown with leaving the root in situ.  Removal of the root 

will lead to marked alveolar bone reduction in both vertical and horizontal position 

(Kinirons et al., 1999).  

 

1.5.2.2 Inflammatory root resorption  

 

Inflammatory root resorption can lead to complete loss of the implanted tooth if not 

treated. This kind of resorption is related to the presence of infected pulp.  Avulsed 

mature tooth should be root treated as soon as possible as there is a 100% risk that 

the tooth becomes non-vital (Andreasen and Hjørting-Hansen, 1966).  However, in 

immature tooth with extraoral time and extraoral medium less than 60 and 30 minutes 

respectively, chance of pulp survival is higher. Therefore, careful monitoring of the 

tooth is important to prevent missing unfavourable outcome (Andreasen et al., 1995) 

 

1.6 Aim and Standard of this project 

 
IADT guidelines offer information for dentists treating patients with dental injuries.  

Moreover, it is the best evidence available based on literature and professional 

opinion.  Following these recommended actions can increase the chance of favorable 

outcome (DiAngelis et al., 2012).  IADT guidelines offer a clear guide for dentist and 

dental clinicians for review and splint removal times.  At the time of running this audit, 
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IADT guideline was the only guideline that has reviewed all the types of periodontal 

injuries and provided clear timelines for their management. 

Anecdotal evidence from clinicians working at the Eastman Dental Hospital 

suggested that these guidelines were not being followed. Therefore, this project was 

proposed. 

Standard:  100% of patients with periodontal injuries should follow splinting and 

review times according to International Association of Dental Traumatology 2012 

(IADT). 

2 Method  

 
 
This audit was performed retrospectively in 2 cycles.  The first cycle was from April 

2017 to January 2018, and the second cycle was from February 2019 to November 

2019.  

 

In the first cycle, data was collected from patients’ paper notes (hard notes).  Notes 

had become electronic once the second cycle was reached, and therefore, in the 

second cycle, data was collected from patients’ electronic medical notes. The 

inclusion and exclusion criteria of this were agreed upon during the clinical 

governance meeting and are as follows: 

 

• all patients who presented to the new patient clinic, trauma clinic and the 

emergency clinic with periodontal injuries in permanent dentition 

• at least 6 months of follow-up were included.  

 

Data was collected using a proforma, and included splinting times, follow-up times 

and any reasons for non-compliance.  Reasons for non-compliance included 

cancellation, Was Not Brought (WNB), booking service issues, or safeguarding 

issues.   

 

All patients with hard tissue and combination trauma were excluded from this audit.  

Similarly, patients with trauma to primary dentition were excluded. 

 

Patients’ confidentiality was strictly respected during the process of data collection. 

During the first cycle, when patients’ notes were hand-written on paper, patient files 

were kept in a securely-locked cupboard – only Ithe investigatorhad access to this 
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cupboard. During the second cycle, when patients’ notes were electronic, data 

collection was carried out in an isolated unit in order to ensure that data extraction 

and manipulation was carried out securely and confidentially. 
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3 Results 

 

3.1 Cycle I result 
 
In the first cycle only 40 patients met the inclusion criteria. 19 out of 40 patients were 

males and 21 out of 40 patients were females (figure 1.  The usual prevalence for this 

type of trauma is higher in males than females but it’s the opposite in this audit. 

 

 
Figure 35: Pie chart shows sample size in females and males.  

 
 

 
Figure 36: Bar chart shows the number of patients reviewed by consultants, junior 
staff and postgraduate students 

 
Patients were reviewed mostly by postgraduate students.  24 out of 40 patients 

were seen by postgraduate students, which are always supervised by consultants 

47% (19 
cases)53% (21 cases)

Cycle I

male female

10 7

24

0

5

10

15

20

25

Consultants Junior staff Postgraduate
students

Reviewed by
Cycle I

Reviewed by



 140 

and junior staff.  In addition, consultants and junior staff reviewed 10 and 7 patients, 

respectively (Figure 2).  

 

Meeting IADT Frequency Percent 
No 24 60% 

Yes 16 40% 

Total 40 100% 

Table 8: Table shows the number of patients has been reviewed according to 
international association of dental traumatology in number and percentage. 

 
Only 40% of patients were seen according to IADT (Table 1). Only one case out of 

17 cases splint removal was not according to the standard, 17 out of 18 met the 

guideline. This case cancelled the appointment due to sickness (Table 2) 

 

Splint removal Frequency Percent 
No 1 6% 

Yes 17 94% 

Total 18 100% 

Table 9: Table shows the number of splint removal that met the international 
association of dental traumatology (IADT) 

 

The main reason for not adhering to IADT was clinicians requesting incorrect follow 

up time and this was seen in 21 out of 40 patients.  The second reason was booking 

service issue. patients were booked appointment to the next available appointment 

with the same clinician without considering the time of request. Moreover, patient 

would not brought (WNB) to their dental appointment was the third reason and only 

2 patients out of 40 cancelled their appointment.  Finally, safeguarding issue with 

one patient made this review appointment not meeting the guidelines.  According to 

this finding, recommendations were considered and discussed in clinical 

governance meeting to improve the results in the second cycle (Table 3). 
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Reasons for non-compliance Frequency Percent 

Clinicians requesting incorrect 

FU time 

21 52% 

Cancellation 2 5% 

WNB 3 7.5% 

Booking service 5 12.5% 

Safeguarding 1 2.5% 

Table 10: Table shows the reason for not adhering to the. Standard (cycle I) 

The above table shows the reasons for no compliance.  

 

3. 2 Action plan after cycle I  
 

• Present audit result on clinical governance meeting to distribute results to all 

staff.  

• Inform reception the importance of booking trauma review patients within 

requested time. 

• Clinician not available for the review appointment, patient can be seen with 

another clinicians.  

• Reminder poster in clinic in each dental unit (Figure 3.  

• Inform parents and patients of the importance of attending review 

appointments  

• Re-audit 
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Figure 37: Reminder poster of timing of review appointment and splint removal of 
periodontal traumatic injuries. 
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3. 3 Cycle II results  
 
The number of males with periodontal traumatic injuries is higher than females.  

Only 17 patients were females and 23 patients were males.  

 
 

 
Figure 38: Bar chart shows the number of female and male patients reviewed in 
cycle II 

 
The number of patients reviewed by consultants, junior staff and postgraduate 

students.  In cycle II consultants and junior staff were the highest in reviewing 

patients with periodontal traumatic injuries.  On the other hand, postgraduate 

students were the lowest with only reviewing 16 patients out of 40.  
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Figure 39: Bar chart shows the number of patients reviewed by consultants, junior 
staff and postgraduate students 

 
The below table clearly shows an improvement in meeting the audit standard. 32 

patients out of 8 met the standard and only 8 patients did not meet the standard.  

 
 

Meeting IADT Frequency Percent 
No 8 20% 

Yes 32 80% 

Total 40 100% 

Table 11: Table shows the number of patients with periodontal traumatic injuries 
reviewed according to international association of dental traumatology (IADT). 

 
The table below shows that all splint removals met the standard.  
 
 

Splint removal Frequency Percent 
No 0 0% 

Yes 13 100% 

Total 13 100% 

Table 12:  Table shows the number of patients who had their splint removal 
according to international association of dental traumatology (IADT). 
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Clinicians requesting incorrect FU time remains the highest.  11% of patients were 

not reviewed according to standard due to clinicians not requesting accurate time.  

However, only 2 patients cancelled their appointments, one patient WNB and one 

patient review timing affected due to booking service issue. it is clearly shown that 

recommendations and plans has improve our compliance to standard.   

 
 
Reasons for non-compliance  Frequency Percent 

Clinicians requesting incorrect FU time  5 11% 

Cancellation  2 5% 

WNB  1 2.5% 

Booking service  1 2.5% 

Safeguarding  0 0% 

Table 13: Table shows the reasons for not adhering to standard (cycle II) 

 
 
3.4 Recommendations and action plan after cycle II 
 

• Remind staff and inform new staff of cycle I recommendations via email.  

• Re audit in six-months time.  
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4. Discussion and Conclusion 

 
4.1 Discussion  
 
The audit aimed to improve the review pattern and splint removal time of traumatic 

periodontal injuries.  Improvements were seen between the two cycles.  However, the 

standard was not achieved.  

 

There has been clear improvement in clinicians requesting accurate follow up times 

since the reminder poster in clinic and after presenting first cycle to all staff in clinical 

governance meeting.  Moreover, all clinicians have received reminder emails with 

attachment of the IADT guideline.   

 

Educating parents and patients with the importance of attending splint removal and 

follow up appointments showed an improvement in patients’ attendance and less 

WNB and cancellations.  In addition, the booking service was improved after raising 

concerns to the patient appointment booking team.  The team were informed to book 

patients within the requested time with any available dentist when the patient dentist 

is not available.  One more explanation to non-compliance to the standard is having 

new staff. Therefore, email was sent to all new staff after cycle II.  

 
I believe that re-auditing should take place on a regular 6-monthly basis.  This will 

allow for a good follow-up of our standards and allow us to evaluate our management.  

Furthermore, the digital system has an advantage over the classic, paper system, in 

that it allows for easier identification of patients with periodontal traumatic injuries 

and other patients at risk.  Similarly, all clinicians should be informed to tag the 

diagnosis to the patients’ electronic file allowing for further facilitation of 

identification and follow-up.  Clinicians should also be encouraged to leave a note in 

patients’ files stating whether or not they meet the criteria for the audit, and if so, 

document the file as ‘suitable for audit X’. 
 

4.2 Conclusion  
 
There was a significant improvement of periodontal injuries splinting and FU times, 

but the standard was not achieved.  Re-audit is planned in 6 months time. 
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CASE SUMMARY 
 
E.A a fit and well 4 year old girl, was referred by her GDP for caries. On presentation, 
she was pain-free but had 14 carious primary teeth. Dental treatment was carried out 
using a combination of non-pharmacological and pharmacological (LA/IS) 
techniques, including composite restorations, hall crowns and an extraction of ULD. 
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PATIENT DETAILS 

Initials: E.A 

Gender: Female 

Age at start of treatment: 4 years, 9 months.  

Age at last review: 6 years, 7 months.  

PRE-TREATMENT ASSESSMENT 

HISTORY OF PRESENTING PATIENT’S COMPLAINT  

• Previous pain from upper left quadrant. 
o Analgesia required. Sleeping and eating disturbance. 
o No history of swelling or antibiotics. 
o No pain presently. 

• Parents concerned about appearance. 

RELEVANT MEDICAL HISTORY  

• Fit and well.  
• No known allergies.  

SOCIAL HISTORY  

• Lives with parents and 3-month old sister. 
• Attends school, reception.  

DENTAL HISTORY  

• Registered with GDP, no treatment experience.  

DIET HISTORY  

• Bottle-fed (formula) until the age of 2. 
• Squash and fruit juices with meals. 
• Snacks on chocolate bars and crisps. 

 

 

 

 

 

 



 153 

 

CLINICAL EXAMINATION 

EXTRA -ORAL EXAMINATION  

• No facial asymmetry.  
• Normal TMJ.  
• No lymphadenopathy.  
• Anxious and very shy but allowed examination. 

INTRA -ORAL EXAMINATION  

SOFT TISSUES  

• Nil.  

ORAL HYGIENE  

• Poor, Plaque free score: 30%.  
• Unsupervised brushing, twice a week with children toothpaste 1000 

ppm.  
• Rinsing after bushing. 

DENTITION  

• Teeth present  

       E D C B A A B C D E  
       E D C B A A B C D E       

 

• Caries  

     (o) E      (b)C  (m) B (md)A   A(md) B(m) C(b) D(od) E(o) 
     (o)E (o)D                              D (o) E(o) 

 

OCCLUSION  

• Skeletal Class I. 
• Mild crowding in the mandibular labial segment.  
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GENERAL RADIOGRAPHIC EXAMINATION 

 RADIOGRAPHS REQUESTED:  

• Right and Left Bimolars (Requested bitewings but patient couldn’t 
tolerate them), for caries detection.  

 

Figure 1,2: Bilateral Bimolars (Grade I; 09/02/2018)  

RADIOGRAPHIC FINDINGS:  

• Premolars, first permanent molars and left upper and lower second 
permanent molars present. 

• Furcation radiolucency associated with ULD. 
• Caries. 
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      E      D        D     E  
      E      D       D     E 

 

 

 

• Upper Standard Occlusal (USO).  

 

Figure 3: USO (Grade II; 09/02/2018) 

• All Four permanent incisors present 
• Caries 

             B     A   A    B 
             

• Dentine bridge below caries lesions URA, URB, ULA, ULB. 
• No apical pathology. 

 

 

 

 

 

PRE-TREATMENT PHOTOGRAPHS (14/02/2018) 
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Figure 4: Anterior view 

 
 

 
Figure 5: Maxillary view 

 
 

 
Figure 6: Mandibular view 

 

 

 

 

 

DIAGNOSTIC SUMMARY 
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• Poor oral hygiene.  
• Dental caries.  
• Non-vital ULD. 

AIMS AND OBJECTIVES OF TREATMENT 

• Establish a preventative regime consistent with the Department of 
Health Toolkit.  

• Restore oral health with regards to function and aesthetics.  
• Establish a positive attitude towards dentistry by implementing 

behaviour management techniques.  
• Monitor development of permanent dentition.  

TREATMENT PLAN 

1. Acclimatisation and prevention according to the Department of health toolkit.  
2. Restorations: 

• Preformed metal crowns (PMC) URE, URD, ULE, LLD, LLE, LRD, 
LRE using the Hall technique.  

• Restorations URB, URA, ULA, ULB. 
• Fluoride varnish URC and ULC (as self-cleansing).  

3. Extraction of ULD under LA/IS. 
4. If poor co-operation, treatment under General Anaesthesia (GA). 
5. Maintenance and follow up:  

• Review and fluoride varnish every 3 months.  
• Radiographic review every 6-12 months.  
• Fissure seal 6’s when they erupt.  

 

 
 
  



 158 

TABLE OF MATERIALS  

Material Used Description 
Topical Anaesthesia Topical Anaesthetic Gel/Liquid – 5% Lidocaine. 
Local Anaesthesia (LA) Lignocaine Special, 2.2 ml (2% Lidocaine, 1 :80000 

adrenaline). 
Acid Etch Phosphoric Acid Gel Etchant 33%  
Bonding Agent Opti bond Solo plus, single component, Total etch bonding 

agent 
PMC Stainless steel primary crowns; 3MTM ESPETM 
Strip Crowns Made in Sweden, fabricado en suecia/fabrique en Suede. 

Hergestellt in Schweden/Prodotto in Svezia 
Fluoride Varnish Duraphat® - Colgate Duraphat Varnish 50mg/ml dental 

suspension, 2.26% sodium fluoride. 
Dry dam Directa®- Direct Dental, Disposable rubber dam with latex. 
Composite Feltek TM universal restorative material 3M  
Fissure sealant Fissure sealant, delton dentsply 
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TREATMENT UNDERTAKEN 

• Patient attended all visits with father.  
• No medical history changes. 
• Facial image scale (FIS) used in every visit to assess anxiety.  
• NPBM: Tell Show Do, Desinsitisation and positive reinforcement. 

Visit 1: 09/02/2018 (New patient clinic)  

• Full history, clinical examination and radiographs. 
• Discussed treatment options with father: 

1. Treatment chairside.  
2. Treatment in the chair and extraction under inhalation sedation 

(IS).  
3. GA if cooperation poor and/or symptoms occur.  

• Risks and benefits of each option were discussed and father agreed 
with option two. 

• IS leaflet given, consent form signed. 
• FIS: 3 

 

          

 

Visit 2: 14/02/2018  

• Pre-operative photographs taken.  
• PFS: 30%. 
• Prevention advice given: 

1. 1450ppm F toothpaste. 
2. Supervised brushing, twice daily, spitting no rinsing. 
3. Diet sheet given. 

• Topical LA 
• Separators placed distal and mesial of LLD. 
•  Duraphat application. 
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Visit 3: 21/02/2018  

• Discussed diet sheet and advice given.  
• Removed separators. 
• Topical LA. 
• Gauze for airway protection.  
• PMC size 6 on LLE and size 5 on LLD.  
• Cemented with GIC.  
• Excess cement removed and flossed contact points. 
• Good cooperation. 
• Placed separators mesial and distal of LRD. 

 

 

Visit 4: 05/03/2018  

• C/O: Nil.  
• Removed separators.  
• Cemented PMC as described above on LRD and LRE.  
• Placed separators distal and mesial of URD. 
• Patient co-operated well. 

 

 

Visit 5: 12/03/2018 

• Removed separators. 
• Visually checked distal of URD, no caries, therefore decision to fissure 

seal the tooth.  
• Cotton wool roll isolation.  
• Etch and fissure sealant on URD.  
• Fluoride varnish flossed inter-proximally URE and URD. 
• Cemented PMC as described previously on URE. 
• Cooperation improved. 
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Visit 6: 14/04/2018 

• Under IS (70% O2 – 30% N2O titrated). 
• Topical and local anaesthetic 2.2 ml lidocaine with 1:80000 adrenaline 

(infiltration and intrapapillary ULD) 
• Distal slice of ULD using composite polishing bur. 
• Cemented PMC on ULE. 
• ULD elevated and extracted with forceps. 
• Post-operative instructions given. 
• Haemostasis achieved. 
• 5 minutes of 100% O2 administered. 

 

Visit 7: 10/05/2018 

• As patient co-operation improved, decided to restore upper primary 
incisors without IS, father agreed. 

• PFS= 85% 
• Topical LA.  
• Dry dam isolation from URC to ULC. 
• Removed soft caries, left arrested caries on URB, URA, ULA, ULB. 
• Etch and bond. 
• Restored the teeth with composite (filtek) shade A1 using strip crowns. 
• Restorations polished with soflex discs.  
• Polished ULC and URC with soflex discs to remove the buccal staining, 

Duraphat applied. 
• Patient and father happy with result. 
• Reinforced diet and oral hygiene.   
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Visit 8: 06/08/2018 (3 months review) 

• Reinforced good oral hygiene. 
• Plaque free score: 85%. 
• UR6 and UL6 partially erupted. 
• Duraphat applied. 

 

Visit 9: 08/11/2018 (6 months review) 

• Right and left vertical bitewings taken. 
• UR6 and UL6 erupted, LL6 and LR6 partially erupted. 
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Figure 7, 8,9: Right (grade II) and left (grade I) vertical bitewings, USO 
(grade I)          (08/11/2018). 

• Radiographic report: 

o PMC’s well seated 
o Distal caries on URD in to dentine. 
o No furcation pathology 
o Composite restorations URA, URB, ULA, ULB. 

• Separator placed distal and mesial of URD 
• Etch, bond and fissure sealed UR6 and UL6 
• Duraphat applied. 

 

Visit 10: 15/11/2018 
 

• Patient cancelled. 
 

Visit 11: (03/12/2018).  
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• No complaints. 
• Adequate space to place crown URD, no separators needed. 
• Cemented PMC on URD as described previously. 
• Etch, bond and fissure sealed LL6 and LR6. 
• LL1 partially erupted. 
• Duraphat applied. 

 
 
Visit 12: (14/03/2019) (3 months review). 
 

• Patient cancelled.  

Visit 13: (02/09/2019) (6 months review) 
 

• C/O: Patient doesn’t like brushing her teeth because of toothpaste taste 
and parents stopped supervising. 

• Right and Left vertical bitewings taken. Showed well seated crowns and 
no apical pathology. 

  

Figure 10,11: Right and left vertical bitewings (Grade I; 05/11/2019)  

• PFS= 75%  
• Explained importance of supervised brushing (Explained how to brush 

E.A teeth in comfortable position). Oranurse tooth paste given. 
• duraphat applied 



 165 

 
 

Visit 14: (21/01/2020) (3 months review). 
• PFS= 90% 
• Patient like Oranurse toothpaste, improved OH.  Parents supervising. 
• Reinforced good oral hygiene and diet advice. 
• LR1 and LL1 partially erupted. 
• Duraphat applied. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 166 

FUTURE FOLLOWUP 

• Monitor restorations.  
• Prevention. 
• Radiographic reviews. 
• Monitor development of dentition. 
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POST TREATMENT PHOTOGRAPHS (21/01/2020) 

 

  

Figure 12: Anterior view 

  
 

Figure 13: Maxillary view 
 

 
 

Figure 14: Mandibular view 
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DISCUSSION AND REFLECTION 

BEHAVIOUR MANAGEMENT 
E.A. was a shy girl, refused to answer questions and avoided eye contact on her first 
visit. I built a rapport by asking her general questions about school, friends and her 
little sister. I avoided jargon and used simple language that she understood. Tell Show 
Do and desensitisation techniques helped her understand the procedure and reduced 
the fear of the unknown. Facial Image scale used to record E.A’s anxiety level after 
each visit, demonstrated improvements in E.A’s behaviour (1).  
 
I planned simple treatment procedure to be carried out in the chair. (application of 
fluoride varnish, separators, PMC and fissure sealants) and for more complex 
treatments (extraction and strip crowns) under inhalation sedation. Patient 
cooperation improved so the strip crowns were completed without IS.  
To manage the pain, topical analgesia was used before placing orthodontic 
separators and PMC’s. The IS relaxed my patient allowing a good level of cooperation 
with administration of LA and extraction of ULD successfully. 
 
 
PREVENTION 
Prevention was the most important element in the treatment plan. Progression or 
recurrence of dental caries depends on a good prevention regime. I gave my 
prevention advice according to the Department of Health’s ‘Delivering better oral 
health toolkit (2). Diet advice was concentrated on limiting the intake of fizzy drinks 
and squashes, and replacing them with water, and limiting the frequency of sugary 
snacks such as chocolate bars throughout the day. Fluoride varnish application was 
planned every 3 months to reduce caries activity. Patient oral hygiene improved 
throughout the visits, however in recent visits E.A complained of the taste of the adult 
toothpaste and her parents had stopped supervising her brushing. I demonstrated 
brushing technique to encourage the parents to supervise brushing and prescribed 
Oranurse toothpaste (3).  
 
HALL TECHNIQUE  
Evidence shows the Hall technique has less major failures compared to conventional 
restorations (4). There was limited discomfort during and after PMCs placement, and 
it was well tolerated. Initially my plan was to place a PMC on the URD as there was 
a radiographic evidence of distal caries. However, after separators removal, the URD 
was noted to have non-cavitated caries lesion, so fissure sealant was placed. At 6 
months review appointment, vertical bitewings confirmed distal caries on URD had 
progressed. Arrangement was made to place PMC but patient failed to attend. Further 
progression of carious lesion occurred but PMC was placed. 6 months review 
radiograph after PMC placement confirmed absent of furcation pathology. In 
hindsight, I would have this radiographs in high caries risk patient and place PMC. 
 
STRIP CROWNS 
It has been shown that strip crowns are 80% successful at 2 years (5). The father 
was informed that placement of strip crowns will depend on patient’s cooperation. 
The patient coped well with restorative treatment and was very pleased with the 
result. 
 
EXTRACTION 
I delayed the extraction of the ULD so the patient could be acclimatised to dental 
treatment. Consequently, patient anxiety level was reduced, acceptance to dental 
treatment was improved and the extraction using IS was successful. 
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LESSONS LEARNED 

• The importance of using a holistic, stepwise approach in the 
management of the anxious patient. 

• The role of topical analgesia before use of separators and PMCs 
placement. 

• Importance of radiographs review to monitor caries development. 
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CASE SUMMARY  
 
G.L a healthy 8 years old male, was referred by his GDP regarding dental trauma to 
UR1. The GDP performed a direct pulp cap and restored UR1 with composite 
restoration which fractured 3 days after placement and resulted in a nonvital UR1. 
G.L presented as an emergency patient complaining of pain and discoloured UR1. 
Clinically, hypo-mineralisation affecting four adult teeth and uncomplicated crown 
fracture of UL1 were noted. The UR1 was root canal treated, UL1 and hypo-
mineralised UR5 was restored and future orthodontic consultation arranged. 
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PATIENT DETAILS 

Initials: G.L. 

Gender: Male. 

Age at start of treatment: 8 years, 3 months.  

Age at last visit: 9 years, 2 months. 

PRE-TREATMENT ASSESSMENT 

HISTORY OF PRESENTING PATIENT’S COMPLAINT  

o Painful and discoloured UR1. 
 

• History of dental trauma: 
o When: 24/12/2018.  
o Where: Park.  
o How: slipped and fell down and hit his front teeth while playing 

football with his friends.  
o Signs of head injuries: no loss of consciousness, no vomiting, no 

headache. 
o Action taken:  GDP restored UR1 at the same day (emergency 

appointment). Restoration fractured 3 days after placement and not 
replaced. 

RELEVANT MEDICAL HISTORY  

• Fit and well. 
• Full term delivery. 
• Immunisation up to date. 

DENTAL HISTORY  

• Regular attender.  
• Brushes twice a day, rinsing.1450ppmF toothpaste, unsupervised. 
• LA and composite restorations. 
• Extraction of primary teeth under LA.   

SOCIAL HISTORY  

• Lives with parents and older brother.  
• Attends primary school, year 4.  
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CLINICAL EXAMINATION 

EXTRA -ORAL EXAMINATION  

• No facial asymmetry.  
• Normal TMJ.  
• No lymphadenopathy.  

INTRA -ORAL EXAMINATION SOFT TISSUES 

SOFT TISSUE 

• Plaque induced gingivitis around UR1 and UR2 

ORAL HYGIENE  

• Fair 
• Plaque Free Score (PFS) 70% 
• Simplified Basic Periodontal Examination (BPE): 

0 1 0 
0 0 0 

HARD TISSUE  

• Mixed dentition, teeth present.  
 

    6 5 D C 2 1 1 2 C 4 E 6  
    6 E D C 2 1  1 2 C D E 6 

• Occlusal brown discolouration UR5.  
• Small white demarcated occlusal opacities UL4, LL6 and incisal opacity LR2. 
• Crown fracture UR1 with grey discolouration. 
• Enamel fracture UL1. 
• Rotated UR2. 
• Composite restorations URD(DO), ULE(MO), LRE(DO), LLE(O). 

SENSIBILITY TESTS. 

 UR2 UR1 UL1 UL2 
EPT + - + + 

Endo-Ice + - + + 
Colour - Grey - - 

TTP &lateral - + - - 
Mobility - - - - 

Tenderness in Sulcus - + - - 
Swelling/Sinus - - - - 

Percussion Sound - + - - 

OCCLUSION: Class I incisor and molar relationship, crowded upper right quadrant. 



 174 

 

PRE-TREATMENT PHOTOGRAPHS: INTRA-ORAL (10/02/2019) 

 

 

Figure 1: Anterior view  

 

Figure 2: Maxillary view  

 

Figure 3: Mandibular view  
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GENERAL RADIOGRAPHIC EXAMINATION 

RADIOGRAPHS REQUESTED:  

• Long Cone Periapicals (LCPA) of UR2-UR1-UL1-UL2 for apical pathology. 
• Upper Standard Occlusal (USO), vertical angle to exclude root fractures.  
• Right and left bitwings for caries detection. 

 

Figure 4,5,6: LCPA and USO (Grade 1; 10/02/2019) 

 

 

Figure 7,8: R and L horizontal bitewings (Grade 1; 10/02/2019) 

 

Radiographic findings:  

• UR1: complicated crown fracture, Immature root with open apex and 
associated periapical radiolucency.  

• UL1, UL2, UR2: Immature root with open apex; no associated radiolucency.  
• No root fractures UR2 - UL2. 
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• Deep palatal fissure UL1 and UL2. 
• Composite restorations ULE(MO), LRE(DO), LLE(O) 
• URD near exfoliation 
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DIAGNOSTIC SUMMARY 

• Plaque induced gingivitis of maxillary incisors 
• UR1: complicated crown fracture. 
• UL1: un-complicated crown fracture (enamel fracture). 
• Enamel defect differential diagnosis: UR5 (Turner tooth) and UL4 

demineralisation from infection in primary dentition, LR2 and LL6 mild molar 
incisor hypo-mineralisation (MIH). 

AIMS AND OBJECTIVES OF TREATMENT 

• Remove source of pain and infection by extirpating UR1 (prevent 
inflammatory resorption)  

• Restore oral health with regards to function and aesthetics, maintaining UR1. 
Restore UL1.   

• Establish a preventative regime according to the Department of Health toolkit.  
• Establish a positive attitude towards dentistry by implementing behaviour 

management techniques.  
• Liaise with orthodontic department regarding crowded upper right quadrant 

(consider extraction of poor prognosis UR5 if extraction is needed) 

TREATMENT PLAN 

Emergency (immediate) treatment plan  

• Extirpation of UR1 and calcium hydroxide dressing  
• Restore UL1. 
• Explain possible outcome and long-term prognosis  
• Advice analgesics as needed 
• Prevention according to the Department of Health Toolkit. 

Intermediate treatment plan  

• Monitor pulp sensibility of UR2, UL1,UL2 
• Continue root canal treatment of UR1 
• External internal Bleaching UR1 + composite restoration  
• Restore hypo-mineralised UR5  
• Orthodontic referral 

Long term treatment plan  

• Explain the possible replacement options of UR1 if lost.  
• Review the pulpal and periapical status of UR2 -UL2.  
• Orthodontist treatment plan   

Maintenance and follow up  

• Clinical review every 3 months  
• Radiographic review every 6-12 months  
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Treatment undertaken 

• Patient attended all visits with his mother. 
• No medical history changes. 
• Facial index scale (FIS) to access anxiety.  
• Treatment carried out with combination of pharmacological (topical 

analgesia and LA) and non-pharmacological behaviour management; tell 
show do, positive re-enforcement and Desensitisation. 

Visit 1: (10/02/2019) Emergency appointment 

• Full history, examination and special tests was taken as previously described.  
• Provisional treatment plan formulated and discussed. 
• Topical and LA (buccal infiltration and intrapapilary).  
• Dry dam isolation.  
• Extirpated UR1; non-vital pulp removed with barbed broach. 
• Working length radiograph. WL= 19 mm. 
• Irrigated with 2.5% NaOCl and cleaned canal with TePe brush. 
• Dressed canal with non-setting calcium hydroxide. 
• Temporised access cavity with IRM.  
• Etch and bond UL1 and UR1. 
• Restored UR1 with composite restoration. 
• Restored UL1 with composite restoration. 
• Ca(OH)2 radiograph taken.  
• Advised on analgesia. 
• Diet sheet given. 
• FIS: 4 

                                          

Figure 9: LCPA                                                  Figure 10: LCPA                            

 

 

Grade I  
Ca (OH)2 dressing 
Slightly deficient 
and extruded 
apically 
 

Grade II 
File size :20  
WL: 19 mm 
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Visit 2: 18/03/2019  

• C/O: nil  
• Sensibility test, remaining incisors normal response. 
• Fissured sealed first permanent molars and palatal fissure of UL1 and UL2. 

Temporised hypo-mineralised UR5 with Fuji triage. 
• Prevention advice: 

o Brush twice daily with fluoridated toothpaste of 1450 ppm. 
o Spitting, no rinsing after brushing. 
o The frequency and the amount of sugar intake should be reduced.  

• Dry dam isolation. 
• IRM removed. 
• Irrigated with 2.5% NaOCl. 
• WL= 22.5 mm confirmed radiographically. 
• Root canal preparation and cleaning: file size (20-80)  
• 2.5% NaOCl irrigation between filing. 
• Ca(OH)2 dressing and IRM restoration.  
• Ca (OH)2 radiograph was taken. 
• Duraphat applied to all teeth.    

                                           

 Figure 11: LCPA                                                    Figure 12: LCPA   

 

 

             

 

 

 

Post Ca (OH)2 LCPA 
at WL=22.5 mm  
Grade I 

Master GP 
radiograph shows 
WL: 22.5 mm 
Grade II 
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Visit 4: (15/04/2019) 

• C/O: Nil.  
• Sensibility tests, remaining incisors normal response. 
• Dry dam isolation. 
• Irrigated with NaOCl 
• Dried canal with PP. 
• Delivered MTA with Dovgan carrier and packed with plugger. 
• Post MTA radiograph shows dense MTA with excess MTA distally.  
• Excess MTA removed. 
• Wet cotton pellet placed above MTA.  
• IRM restoration.  

 

      

      Figure 13: LCPA. 

 

 

Visit 5: (28/5/2019) 

• Patient cancel as unwell. 

 

Visit 5: (06/07/2019) 

• C/O: Nil.  
• Maxillary incisors had remained vital. 
• Dry dam Isolation. 
• IRM removal. 
• Obturation with Calamas. 
• Touch and heat not working. Postponed GP trimming to N.V. 
• Post obturation radiograph taken.  

Grade II 
MTA well 
condensed 
apically 
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• Upper alginate impression taken for bleaching tray.  
• Duraphat applied to all teeth.  

             

                Figure 14: LCPA. 

 

 

Visit 6: (28/09/2019)  

• C/O: Nil.  
• Trimmed GP 3mm below CEJ. 
• Lined GP with GIC. 
• Consent for non-vital bleaching signed by mother. 
• Delivered 2 tubes of 10% Carbamide peroxide and bleaching tray. 
• Verbal and written instructions given.  

 

 

Visit 7: (11/11/2019)  

• C/O: patient feels some improvement for UR1 but wanted to continue 
bleaching. 

 

Grade II 
Well 
condensed 
MTA/ GP  
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Visit 8: (25/11/2019)  

• Patient and mother happy with UR1 colour. 
• Dry dam isolation. 
• Removal of old composite restoration. 
• Bevelled margins. 
• Etch and bond. 
• Restored access cavity with composite restoration filtek shade A1. 
• Restored crown using crown form size R101. 
• Polished restoration with soflex discs and composite polishing bur. 
• Patient happy with end result. 

 

 

 

 

Visit 8: (09/01/2020) (6 months review) 

• Patient cancelled 2 Ortho consultations.  
• 6 months review radiograph UR1 showed no apical pathology. 
• Topical and LA (UR5). 
• Rubber dam isolation. 
• Access cavity with 330 bur. 
• Occlusal caries removal with slow speed bur. 
• Etch, bond. 
• Restored UR5 with composite shade A1. 
• Polished restoration. 
• Checked occlusion, articulating paper. 
• Duraphat application to all teeth. 
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Figure 15: LCPA. 
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POST TREATMENT PHOTOGRAPH (09/01/2020) 

 

 

Figure 16: Anterior view  

 

Figure 17: maxillary view 

 

Figure 18: mandibular view 
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FUTURE TREATMENT 

• Monitor UR2-UL2. 
• Monitor restored primary teeth and UR5. 
• Respond to Orthodontic opinion when received. 
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DISCUSSION AND REFLECTION 

TRAUMA MANAGEMENT  
Management after any dental trauma is crucial and requires immediate treatment and 
regular follow-up. In this case, UR1 became non-vital in less than two months after 
direct pulp capping due to fracture of the composite restoration 3 days after 
placement. The aim of endodontic treatment is to relieve pain, prevent inflammatory 
resorption, allow periapical healing and maintain the tooth until adulthood, when more 
advanced restorative care can be considered. Prolonged Ca (OH)2 dressing 
in an immature root canal weakens the root structure and reduces the fracture 
strength of dentine (1). MTA produces a good seal and is biocompatible. Therefore, 
my choice of treatment for this case was MTA plug and Gutta Percha once infection 
resolved. Moreover, UL1 showed to have an enamel fracture and was restored 
with a composite restoration. 
 
After root canal treatment was completed, the colour of UR1 improved but the patient 
was not fully happy. The decision was made to bleach UR1 after a careful discussion 
with both the parents and G.L. The benefits and risks of bleaching were explained 
and the consent form was signed by G.L’s mother. Written and verbal bleaching 
instructions were given and the parents were encouraged to supervise G.L’s 
bleaching period. After bleaching, UR1 was restored with composite restoration 
and the patient was happy with the end result. Sports-activities are connected with 
risk of trauma from falls, collisions and contact with hard surfaces (2). As G.L plays 
football, he started wearing a mouthguard to prevent secondary trauma. 
 
BEHAVIOR MANAGEMENT 
 
G.L was anxious on his first visit, so a combination of PBM and NPBM was used. To 
gain the patient’s trust, a stop signal was used. Positive re-enforcement by rewarding 
positive behaviour reduced his fear. Administration of LA was a challenge, but 
incorporation of NPBM such as concealing the syringe, physical distraction 
(stretching of his upper lip), verbal distraction and slow administration of LA facilitated 
good behaviour. G.L’s behaviour improved dramatically throughout his visits. 
 
ENAMEL DEFECT MANAGEMENT 
 
Although the aetiology of enamel defects may be attributed to local, systemic, genetic 
or environmental factors, most are likely to be multifactorial in nature. When 
only a few teeth exhibit enamel defects, it is usually considered to be caused by 
localised factors (3). To investigate further the aetiology of G.L’s enamel defect, 
questions about family, medical and dental history were asked. G.L is a fit and well 
child, has no history of severe illness and has no relatives affected with any type of 
enamel defect. However, the mother revealed that G.L experienced dental pain and 
swelling at a very young age and the GDP had to extract some primary 
teeth. This may explain the crowding and space loss in the upper right quadrant and 
enamel defects in the permanent dentition (UR5 and UL4). In addition, LL6 and LR2 
are also mildly affected with very small white demarcated opacities confined 
to the smooth surface consistent with mild molar incisor hypo-mineralisation. I 
restored UR5 with composite restoration to stabilise the tooth and early referral 
to the orthodontic department was made to discuss the future treatment plan. 
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LESSON LERNT 

• Establishing close bond and trust with the patient and carers and 
incorporating behavioural management techniques aids in patient co-
operation  

• Inform patient importance of immediate dental attendance when restoration 
(temporary or permanent) fractures. 

• A detailed history aids correct diagnosis. 
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CASE SUMMARY 

M.G a 10-year-old fit and well girl, was referred by her General Dental Practitioner for 
management of enamel defects. Clinically, there was generalized hypoplasia 
affecting the permanent dentition and caries affecting the primary dentition. The 
diagnosis was chronological enamel hypoplasia due to vitamin D deficiency, dental 
caries and plaque induced gingivitis. Treatment included composite restoration of 
upper and lower anterior teeth and extraction of poor prognosis primary teeth and first 
permanent molars. Restorative work was carried out using non-pharmacological 
behaviour management techniques and local anaesthesia, while extractions were 
performed under general anaesthesia.  
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PATIENT DETAILS 

Initials: M.G. 

Gender: Female. 

Age at start of treatment: 10 years old. 

Age at last treatment visit :11years, 3 months.  

PRE-TREATMENT ASSESSMENT 

HISTORY OF PRESENTING PATIENT’S COMPLAINT  

• Referred by GDP for management of enamel defect. 
• C/O: very sensitive teeth and not happy with the appearance of her teeth. 
• HPC:  

o Difficulty eating, sensitive anterior and LLQ teeth. 
o Analgesics required. 

RELEVANT MEDICAL HISTORY  

• Full term delivery.  
• No known allergies. 
• Vitamin D deficiency diagnosed at 2 years old and treated with Vitamin D 

supplements. 
• Patient was under the care of Paediatrician for a period of 1 year after 

diagnosis then discharged to GMP. 
• GMP repeats blood test every 6 months to monitor Vitamin D levels. 
• Vitamin D supplements.  

SOCIAL HISTORY  

• Lives with parents, 3 older siblings. 
• Attends school, year 5.  

DENTAL HISTORY  

• Regular attender.  
• Restorations under local anaesthesia. 

FAMILY HISTORY  

• No family members with dental anomalies.  

DIET  

• Low sugar diet. 
• Drinks water. 
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ORAL HYGIENE  

       • Manual tooth brushing, once a day with 1450 ppm toothpaste. 

HABITS  

• No habits. 

CLINICAL EXAMINATION 

EXTRA -ORAL EXAMINATION  

• No facial asymmetry.  
• Normal TMJ.  
• No lymphadenopathy.   
•  

INTRA -ORAL EXAMINATION  

• Soft tissue: red inflamed gingivae. Upper 3’s palpable. 
• Oral hygiene: poor 

o Plaque Free Score = 20%. 
o Simplified Basic Periodontal Examination (BPE). 

2 2 2 
2 2 2 

• Hard tissue:  
o Teeth present (Mixed dentition) 
 

    6 E D C 2 1 1 2 C D E  
    6 E D 3 2 1  1 2 3     E 6 

o Partially erupted teeth  
 

      6   
              3   

o Hypoplastic teeth  
 

                      1 1  
      6        3 2 1 1 2 3         6 

o Carious teeth  
 

            D C        C D  
            D                  6   

o Deficient Glass ionomer cement LL6 and LR6. 
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o PMC  
        E                E  
        E                E 

Occlusion: 

• Class I incisor relationship. 
• Upper permanent canine palpable buccally. 
• No crowding, no spacing. 
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PRE-TREATMENT PHOTOGRAPHS: INTRA-ORAL (18/10/2018) 

 

 
 

Figure 1: Anterior view  
 

 
 

Figure 2: Maxillary view  
 

 
 

Figure 3: Mandibular view  
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GENERAL RADIOGRAPHIC EXAMINATION 

RADIOGRAPHS REQUESTED: (18/10/2018) 

• R and L bitewing for caries detection. 
• Dental Panoramic tomography (DPT) for dental development. 

 

       
 

Figure 4 and 5: R and L bitewing; grade I (R) grade II (L) 
 

 
 

Figure 6: Dental Panoramic Tomography DPT (grade 1) 
 

Radiographic findings:  

• Teeth present.  
8 7 6 5 4 3 2 1  1 2 3 4 5 6 7 8 
8 7 6 5 4 3 2 1    1 2 3 4 5 6 7 8 

• Close to exfoliation.  
 

          D C         C D  
       E D               E  

 
 

• Hypoplastic (abnormal crown shape). 
    6        3 2 1 1 2 3            6 
    6        3 2 1  1 2 3            6 
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• No periapical or furcation pathologies. 
• Preformed metal crown. 

       E              E 
       E               E  

• UR6 and UL6 impacted against URE and ULE. 
• Poor prognosis  

 
       6              6 
       6               6 
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DIAGNOSTIC SUMMARY 

• Plaque induced gingivitis.  
• Dental caries.  
• Chronological hypoplasia. 

AIMS AND OBJECTIVES OF TREATMENT 

• Remove source of pain and infection.  
• Establish a preventative regime.  
• Restore oral health with regards to function and aesthetics. 
• Establish a positive attitude towards dentistry by implementing behaviour 

management techniques (NPBM +PBM). 
• Refer to Ortho/Paeds for opinion regarding time of extraction of poor 

prognosis first permanent molars. 
• Monitor development of permanent dentition. 

TREATMENT PLAN 

1. Acclimatisation and prevention consistent with the Department of health 
toolkit.  

• Oral hygiene instruction, fluoride advice, diet advice. 

2. Relief sensitive teeth and restore aesthetic: 

• PMC LL6. 
• Temporise partially erupted LR6 with GIC. 
• Restore Upper and lower anterior teeth with composite restoration. 

3. Refer to joint Ortho/Paeds opinion. 
4. Extractions under general anaesthesia  
5. Maintenance and follow up:  

• Review composite restorations and further development of teeth. 
• Fluoride varnish every 3 months.  
• Radiographic review. 
• Fissure seal 7’s and premolars once they erupt.  
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Treatment undertaken 

Visit 1: (18/10/2018).  

• Patient attended with her mother. 
• Full history, examination and radiographs. 
• Pre- operative photographs taken.  
• Explained treatment options to M.G and mother: 

- Do nothing, but no improvement in aesthetics and sensitivity. 
- Restore hypoplastic incisors with composite restorations to treat 

sensitivity and improve aesthetics. 
- Stabilise LL6 and LR6 until patient seen by Ortho/Paeds clinic. 
- Primary dentition near exfoliation and asymptomatic, Combine 

with treatment for poor prognosis 6’s. 
• Preventive advise: 
o OHI, brushing teeth twice a day with fluoride toothpaste, spit no rinse. 
o Prescribed high fluoride toothpaste (Duraphat® 2800ppm). 
o Diet sheet given to mother to fill. 
• Referral to Ortho/ Paeds clinic. 
• Facial Image Scale: 1 
• N.V: PMC crown LL6 and fuji triage LR6. 

 

 

Visit 2: (8/11/2018). 

• Patient attended with parents. 
• Oral hygiene has not improved, patient complained that sensitive LL6 

affecting her brushing. 
• Diet sheet discussed with parents and advice given. 

- Reduce the amount and frequency of sugary drinks and foods. 
- Chocolate as occasional treat after main meal. 
- Water instead of fizzy drinks.  

• Topical analgesia. 
• 2.2ml lidocaine with 1,80000 adrenaline vasoconstrictor (infiltration) LL6. 
• Mesial slice with composite polishing bur. 
• PMC size 4 trimmed and adjusted with crimper.  
• Cemented PMC with AquaCem LL6. 
• Fujii triage occlusal fissures LR6. 
• Re-enforced good oral hygiene. 
• Explained the importance of healthy gingivae prior restoring anterior teeth. 
• N.V: restoring UR1 and UL1. 
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Visit 3: (26/11/2018) (Ortho/Paeds clinic) 

• advised: 
o Extraction of poor prognosis all first permanent molars. 
o No future orthodontic treatment required. 

Visit 4: (13/01/2019) 

• Patient attended with her mother. 
• Sensitivity reduced and oral hygiene improved.  
• ULD and LRD exfoliated. 
• ULE, URE, LLE, LRE mobile. 
• Treatment plan: 

o Extraction 
       E   D  C          C     E  
    6 E                    E  6 

 

o Surgical removal 

6                     6 
  

 

• Decide to complete treatment under general anaesthesia due to age, 
volume and complexity.  

• Consent form signed by mother, GA leaflet given and pre-assessment 
appointment booked. 

• Topical and LA as before, UR1 and UL1. 
• Dry dam isolation UR2 to UL2.  
• Etch, bond and light cured.  
• Restored UR1 and UL1 with Filtek composite shade A1, free hand. 
• Polished restorations with soflex discs. 
• Patient and mother happy with the result. 
• Duraphat varnish applied to all teeth. 
• N.V: restore LL3, LL2, LL1, LR1, LR2. 
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Visit 5: (5/03/2019) 

• Patient attended with her mother.  
• C/O: no complaint, sensitivity diminished. Comfortable when eating, drinking 

and brushing teeth.  
• Oral hygiene improved, PFS: 75%. 
• Topical analgesia and LA as above. 
• Dry dam isolation. 
• Restored LR2-LL3 as above. 
• N.V: treatment under GA. 

 

Visit 6: (29/03/2019). 

• Patient presented with parents.  
• No complaints. 
• Last food: 10 pm previous day. Last drink: 12 am. 
• Play specialist input. 
• Anaesthetists prepared M.G for the general anaesthesia, throat pack in. 
• Treatment carried out: 

o 2.2 ml lidocaine with 1,80,000 adrenaline vasoconstrictor (intrapapillary) 
administered to all teeth to be extracted. 

o XGA: Elevated teeth then forceps for extraction. 
       E  D  C          C     E  
    6 E                    E  6 

 

o XGA (surgical): Carried out by oral surgeon and assisted by myself, flap 
raised, bone removal and extraction of teeth. Surgicel and sockets 
sutured (by myself) with Vicryl Rapide 3-0. 

6 6 
  

o Trout pack out. 
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o Patient sent to recovery.  
o Verbal and written postoperative instructions given to parents. 
o Patient fit to discharge.  

• N.V: review in 3/12. 
 

   
      

Figure 7,8 shows extracted 6’s 
 

 

Visit 7: (12/06/2019) (3 months review). 

• Patient presented with mother.  
• C/O: difficulty eating and drinking one week post-op, analgesics relieved 

pain, fine now. 
• Plaque free score: 85%. 
• Oral hygiene improved. 
• LR4, LR5, LR3, LL4, LL5, UR4, UL4 partially erupted. 
• Durphat applied. 
• N.V: review in 3/12. 

 

Visit 8: 7/10/2019 (3 months review) 

• Patient presented with mother. 
• C/O: no complaints. 
• Patient and mother happy with treatment outcome. 
• Plaque free score: 90 %. 
• LR3 not fully erupted, to await further eruption before restoring. 
• Reinforced oral hygiene. Duraphat applied. 
• N.V: review in 3 /12  

UL6 UR6 LL6 LR6 
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Visit 9: 13/01/2020 (3 months review) 

• Patient presented with her father. 
• No complaints.  
• LR3 fully erupted, UR3 and UL3 partially erupted. 
• Topical analgesia. LA as above. 
• Dry dam isolation LR4 to LR2. 
• Restored LR3 with feltik composite shade A1. 
• Polished restoration with composite polishing bur and soflex discs. 
• Fissure sealed UR4, UR5, UL4, LL4, LL5, LR4, LR5. 
• Father and patient happy with end result. 
• Post-operative photograph. 
• Duraphat applied. 
• Review in 3/12. 
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POST TREATMENT PHOTOGRAPHS (13/01/2020) 

 

 
 

Figure 9: anterior view  
 
 

 
 

Figure 10: maxillary view  
 
 

 
 

Figure 11: mandibular view 
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FUTURE TREATMENT 
 

• Clinical review every 3 months.  
• Review development of permanent dentition. 
• Restore UR3 and UL3 once fully erupted. 
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DISCUSSION AND REFLECTION  
 

Chronological hypoplasia  
  
M.G had a history of vitamin D deficiency discovered at 2 years old and treated with 
vitamin D supplements. This affected tooth development and resulted in chronological 
hypoplasia affecting 14 permanent teeth developing in the first 2 years of life. At her 
first visit M.G complained of severe sensitivity from the LL6 and occasional sensitivity 
from her anterior teeth. Moreover, mother has noticed that M.G sometimes avoided 
brushing her teeth, therefore, managing pain and sensitivity was the immediate 
treatment. Preformed metal crown was the best option for managing LL6 sensitivity 
due to extensive breakdown. Composite resin veneers improved aesthetic, sensitivity 
and protected the hypoplastic teeth (1). M.G suffered from bullying at school which 
affected her confidence, she avoided smiling and speaking especially at school. 
Providing an adequate aesthetic dental treatment improved self-esteem and 
academic performance. 
 
 
Extraction of poor prognosis First Permanent Molars (FPM). 
 
Ortho/Paeds consultation was sought to consider timing of extraction of the poor 
prognosis first permanent molars. Patient has class I occlusion with no crowding, 
upper FPM were impacted against upper second primary molars and lower FPM’s 
were erupted, causing pain and sensitivity due to the hypoplasia. It is advisable that 
for successful eruption of second permanent molar, FPM should be extracted around 
8-10 years old with confirmation of presence of third permanent molars. Extraction of 
poor prognosis FPM and carious primary teeth were carried out under general 
anaesthesia because of age, amount and complexity of treatment. I have extracted 
all teeth by myself including suturing, except upper FPM which was surgically 
extracted by an oral surgeon with my assistance (2). 
 
Prevention 
 
Hypoplastic teeth and mobile carious primary dentition can act as plaque retentive 
factors in combination with the severe sensitivity, preventing optimum oral hygiene. 
Management of previous factors with the support of preventative regime given 
according to delivering better oral health toolkit resulted in improved oral hygiene (3) 
(4). 
 
Behaviour management  
 
M.G was co-operative patient but because of the extent of intensive treatment non-
pharmacological (NPBM) and pharmacological behaviour management (PBM) were 
used. Restorative work under LA and supported with tell show do and positive re-
enforcement worked well. Dental extractions and surgical removals were carried out 
under general anaesthesia, due to volume and extent of treatment required 
 
 

LESSONS LEARNT 

• The impact teeth have on quality of life. 
• Even in a very co operative child, general anaesthesia can be the treatment 

of choice for invasive dental treatment.  
• Removal of plaque retentive factors encouraged better oral hygiene. 
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