
 

 

 

Comparative studies of demarcated 

hypomineralised lesions of dental enamel and 

their fluorescence properties 

 

Karla Gambetta-Tessini BDSc, MDSc 

 

A thesis submitted in total fulfillment of the requirements for 

the degree of Doctor of Philosophy 

 

 

 

 

 

June 2017 

Melbourne Dental School, 

Faculty of Medicine, Dentistry and Health Sciences,  

The University of Melbourne 



ii  

Abstract 

Demarcated hypomineralised lesions (DHL) of dental enamel are qualitative 

developmental defects including molar-incisor hypomineralisation (MIH), 

hypomineralised second primary molars (HSPM) as well as other demarcated 

opacities of systemic origin.  Many epidemiological studies have failed to determine 

the causative factors associated with these defects; therefore, primary prevention is 

implausible at this stage.  A growing interest in the exploration of DHL structural and 

clinical characteristics has developed over the past decade. 

Several DHL characteristics such as ionic and protein content, hardness and modulus 

of elasticity along with the mineral density of hypomineralised molars have been 

investigated in in vitro studies.  However, validation of other methods that can 

possibly detect and quantify DHL in in vivo clinical settings would be beneficial to 

predict the progression and outcome of the lesions.  One alternative could be 

fluorescence techniques currently used to detect and quantify carious lesions, which 

could be used as a surrogate method to quantify the mineral content clinically. 

The detrimental structural characteristics of DHL predispose affected teeth to suffer 

post-eruptive breakdown facilitating carious lesion development, particularly in the 

presence of unfavourable oral health conditions.  However, limited research of the 

impact of DHL on dental caries prevalence, severity and sequelae in different caries-

risk communities exist.  Severe carious lesions associated with DHL could bring a 

significant financial burden to the children, families and health authorities.  These 

costs could be reduced if oral health care practitioners (OHCPs), particularly those 

working in the public sector, manage and treat DHL-affected children correctly.  

Nevertheless, public OHCPs’ knowledge and experience with regard to DHL are 

undetermined. 

The present research project has three main aims: 1) to assess the knowledge, 

experience and perceptions of Australian and Chilean OHCPs working in the public 

sector about MIH, 2) to investigate the impact of DHL on the dental caries 

prevalence, severity and sequelae in schoolchildren from two communities with 

different caries experience (Melbourne, Australia and Talca, Chile) and 3) to explore 
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the optical fluorescence in DHL with two clinical fluorescence techniques (QLF-D 

and SOPROlife®). 

Results highlighted that MIH is a prevalent condition encountered by OHCPs in 

Australian and Chilean public dental clinics (88.6%).  Chilean OHCPs presented 

lower knowledge scores and confidence - when diagnosing and treating MIH affected 

children - than Australian participants.   

The prevalence of DHL (25%), MIH (15%) and HSPM (6%) did not vary between 

countries and the clinical characteristics of defects were similar to previous reports.  

Approximately one in five children had severe carious lesions and the majority of 

them had one or more teeth with pulpal involvement.  Statistical analysis 

demonstrated that severely DHL-affected teeth in Chilean children were more likely 

(OR = 2.87) to be untreated compared to Australians.  Ordinal regression indicated 

that DHL-affected children (OR = 2.17) and Chileans (OR 1.84) had an increased 

likelihood of having severe carious lesions compared to non-affected children and 

Australian participants, respectively. 

The analyses of fluorescence methods indicated that QLF-D is a useful method to 

detect hypomineralised lesions of different clinical presentation, with red fluorescence 

putatively related to the severity of the defects.  On the other hand, SOPROlife® 

demonstrated large areas of light reflectance that influenced the repeatability of the 

measures.  Both tested fluorescence methods detected DHL, but did not quantify 

accurately. 
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Overview and research problem 

Demarcated hypomineralised lesions (DHL) of dental enamel are qualitative 

developmental defects characterised by a mineral deficit owing to ameloblast function 

being interrupted by unknown insults during the maturation stage of amelogenesis.  

Research oriented to identify the aetiological factor(s) is ongoing; however, to date, 

many epidemiological and laboratory studies have failed to identify a specific 

causative factor for DHL, as it is likely that many factors act simultaneously 

accompanied by a genetic tendency.1  

Clinically, DHL are described as demarcated opacities as they have clear boundaries 

bordering the adjacent healthy enamel.  The affected enamel can be soft and porous 

with a discoloured opaque appearance.  The colour of the lesions may vary from 

creamy/white (CW) to yellow/brown (YB).  Severely affected enamel may collapse 

under masticatory forces and post-eruptive breakdown (PEB) may occur.2  The 

clinical appearance of the lesions has been associated with severity and may predict 

the future behaviour of the defects.  For example, brown lesions are more likely to 

progress to PEB, which could also increase over time.3  The aberrant composition and 

structure of affected enamel are responsible for its inferior physical properties.  For 

example, increased porosity, increased organic/protein content, disorganised enamel 

rods, reduced hardness and reduced mineral density (MD) may explain the poor 

physical and mechanical behaviour of DHL.4-8  Quantification of these properties and 

their relationship with the clinical aspects of the DHL has been explored in several in 

vitro studies.4,9-11  However, many laboratory-based interventions cannot be applied to 

the same sample at different times to assess the progression of the lesions.  

Nevertheless, there are in vivo methods available to assist dentists in detection and 

diagnosis of enamel demineralisation (e.g. dental photography and fluorescence 

technologies).  These methods have been explored in the cariology field mainly to 

quantify progression and regression of carious lesions, but their utility may be 

transferred to the quantification of DHL. 

On the other hand, the clinical management of young children affected by DHL is 

challenging, as severely compromised teeth may suffer PEB and hypersensitivity.  

Restorations frequently fail; requiring re-treatment and clinicians may face problems 

when achieving adequate local anaesthesia with subsequent behaviour management 
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problems affecting patients.12   All these adverse consequences increase the financial 

costs incurred by the family and the State when children are treated in public dental 

services.  These costs are likely to be reduced if early diagnosis and appropriate 

management are provided.  Oral health care practitioners (OHCPs) working in the 

public sector may initially diagnose and treat children with DHL.  However, their 

knowledge and perceptions towards DHL have remained unexplored.  Most of the 

information generated during years of research have been communicated and shared 

particularly within practitioners with interest in paediatric dentistry or working in 

academia.13-15  Findings suggest that dental practitioners are still uncertain about the 

prevalence of DHL in their communities and there is a general belief indicating that 

the prevalence is increasing.13-16  

The term ‘demarcated opacities’ has been used in many epidemiological 

investigations to refer to DHL.17  Unfortunately, some key clinical aspects of enamel 

lesions have been neglected, generating confusion in the terminology and under-

estimating the real prevalence of the condition.  During the last 15 years, the body of 

literature has been largely focused on one specific and prevalent type of DHL, namely 

Molar Incisor Hypomineralisation (MIH) which was defined as ‘hypomineralisation 

of systemic origin of one to four first permanent molars (FPMs) frequently associated 

with affected permanent incisors (PIs)’.18  As mentioned by Weerheijm in 2003, 

‘MIH-like’ defects can also affect second permanent molars (SPeMs), permanent 

canines, and second primary molars (SPMs).19  Moreover, there is evidence 

demonstrating that any tooth can have DHL present.20,21  However, researchers 

overlooked this information and narrowed their attention to MIH index teeth only 

conducting studies in specific age groups (e.g. eight year-old children).  In recent 

years, importance has been given to DHL in SPMs entitled hypomineralised second 

primary molars (HSPM) which are associated with a higher likelihood of developing 

MIH.22  However, few studies have been able to statistically confirm this association 

mainly due to the limited age range of participants.22,23  

Demarcated hypomineralised lesions of enamel are common developmental defects 

which include lesions related to MIH, HSPM and/or any other teeth with demarcated 

opacities of systemic origin.  A large number of studies focused on MIH have been 

conducted, with a broad range of reported prevalence rates from 3% in Hong Kong to 

40% in Brazil.24,25  A single study from Germany has explored the wide spectrum of 



4  

DHL with an overall prevalence of 36.5% and 6.9% in 10 year-old children 

presenting DHL in the permanent and the primary dentition, respectively.21  The 

majority of the available epidemiological information has originated from Europe, 

with a limited number of studies from the Americas and Australasia.  Comparing 

existing data is challenging due to different methodology and diagnostic criteria used 

to define DHL, leading to under-reporting of the actual prevalence rates.  Aimed at 

reducing methodological differences in future studies regarding DHL, a group of 

experts from the Netherlands and Australia developed a series of recommendations to 

conduct standardised epidemiological studies and a diagnostic chart,26,27 which 

merged the European Academy of Paediatric Dentistry (EAPD) judgement criteria 

and the modified developmental defects of enamel (mDDE) index.13,17  Nevertheless, 

this EAPD + mDDE diagnostic chart requires further validation in different 

communities.26,27  

Teeth affected by DHL are prone to rapid carious lesion development.  The sharp and 

porous PEB surface presents as a suitable niche for dental plaque accumulation.  

Furthermore, severely hypomineralised teeth are hypersensitive, leading affected 

children to avoid tooth brushing, exacerbating dental caries susceptibility.  Despite 

these identified risks, the impacts of DHL on caries prevalence and experience have 

been addressed by few epidemiological studies.  Most studies have only accounted for 

caries experience (DMFT) in the permanent dentition, ignoring the primary dentition 

and the overall carious lesion progression.  Researchers have hypothesised that severe 

carious lesions may mask developmental defects; however, many of those studies 

have been conducted in low caries-risk populations.28  Of importance is that particular 

carious lesions have been recognised amongst DHL-affected individuals, which has 

been termed ‘atypical carious lesions' (i.e. carious lesions present on surfaces distinct 

from plaque retentive areas).  The characteristics of these lesions are unexplored, as 

they have been mainly considered part of PEB.27  The description of atypical carious 

lesions in communities with different caries experience may clarify the real 

association between DHL and dental caries.  For example, the city of Melbourne, 

Australia, has been historically recognised as a low caries-risk population where 

specialised research groups have a great interest in exploring DHL clinical and 

mechanical properties.  In contrast, Talca city, in Chile, has the highest caries 

experience in the country and DHL is an emerging research topic.  Thus, these 
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communities are suitable samples for conducting a comparative epidemiological 

study. 

The research gaps identified by the summary of evidence described above have 

influenced the formulation of the following research questions, research aims and 

objectives; which framed the present thesis dissertation: 

Research questions 

• Is the Australian and Chilean dental community (i.e. OHCPs) in the public 

sector aware of the prevalence and characteristics of demarcated enamel 

hypomineralisation? 

• What is the prevalence of DHL amongst the study populations (i.e. Talca, 

Chile and Melbourne, Australia)? 

• Is there any difference in the severity of DHL between the Talca and 

Melbourne communities that may affect dental caries prevalence?  

• Is it possible to correlate clinical parameters with the severity of 

hypomineralised lesions of enamel? 

• Can the EAPD + mDDE protocol be used to make valid comparisons between 

communities?  

• How does visual inspection correlate with fluorescence characteristics in terms 

of lesion severity? 

Research aims 

• To determine public OHCPs’ knowledge, perception and experience of MIH 

in Australia and Chile. 

• To determine the prevalence of DHL in 6 to 12 year-old schoolchildren 

residing in inner Melbourne, Australia and Talca, Chile.  

• To compare and contrast the distribution and clinical characteristics of DHL in 

the entire permanent and primary dentition in schoolchildren from 

metropolitan Melbourne and Talca city.   

• To compare and contrast the caries experience and carious lesion severity in 

schoolchildren from Melbourne and Talca. 

• To explore the associations and differences between DHL, caries experience 
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and carious lesion severity in schoolchildren from Melbourne and Talca.  

• To validate the clinical examination protocol to be used amongst different 

communities. 

• To determine DHL fluorescence characteristics and to validate two different 

fluorescence technologies as detection methods for DHL. 

Objectives 

• To determine the Australian and Chilean public OHCPs knowledge, perception, 

and clinical experience regarding hypomineralised teeth using a mixed-mode 

survey. 

• To determine the prevalence, severity and clinical features of DHL using 

standardised scoring criteria (EAPD + mDDE).  

• To detect carious lesions using modified ICDAS II and PUFA index and their 

association with DHL. 

• To determine caries experience using DMFT/dmft/SiC index and its relationship 

with DHL. 

• To capture in vitro images of DHL and analyse images with the quantitative light-

induced fluorescence (QLF) software and Adobe Photoshop®. 

• To determine MD and porosity percentage of DHL across its thickness using a 

designed protocol for 3D analysis of hypomineralised teeth using a high-

resolution Micro-CT. 

• To determine the correlation between QLF parameters and MD values in DHL. 

• To capture clinical images of DHL with an intraoral fluorescence device 

(SOPROlife®), and analyse images with Adobe Photoshop® to calculate the 

reliability and the level of agreement between white light and fluorescence 

images.  
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Study significance 

Health policy makers and authorities should rely on local data regarding DHL and 

dental caries for establishing the allocation of funding for child public dental 

programs.  Thus, the present study will increase the knowledge about DHL amongst 

public dental services, and findings will assist in framing an appropriate oral health 

program and effective oral health promotion initiatives.  Clinical data on DHL were 

collected under similar examination conditions by a single calibrated examiner.  This 

method minimises examiner bias and helps to address the present study's research 

questions using a novel standardised protocol.  

Developmental enamel defects are significant risk factors for increased caries 

experience,29-32 although limited evidence on the extent of this relationship exists.33  

Determining the prevalence and severity of carious lesions and their relationship with 

DHL could highlight the need for dental screening in schoolchildren for improving 

both caries prevention and oral health care, as carious lesions associated with DHL 

are less preventable than classical bacteria-associated carious lesions.  The present 

study’s international approach adds a comparison between communities with different 

caries experience, which would give insights into how DHL clinical characteristics 

influence caries prevalence and severity. 

Results from the present study will also provide data on knowledge and perceptions of 

OHCPs towards hypomineralised defects.  These findings will be useful in planning 

continuing education programs covering aetiology, diagnosis and treatment to 

reinforce public oral health programs.  It is essential to provide this information not 

only to those professionals who are interested (e.g. paediatric societies, paediatric 

dentistry post-graduate students, and dental academics) but also to those dental care 

providers who are in the position to initially diagnose this condition.  These baseline 

data could also be useful to public service planners, who are responsible for 

implementing interventions and evaluating public dental health practices.  The 

awareness of OHCPs working in the public sector is relevant, as their perceived 

knowledge regarding these defects would give a snapshot of how OHCPs are 

managing this condition and how public resources have been utilised.  The present 

study results could contribute in raising awareness of the DHL amongst community 
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members/consumers and allied health professionals.  This will assist to identify these 

conditions early and enable OHCPs to implement primary interventions to prevent the 

progressions of the DHL.   

Whilst resources have been directed historically to the management of the DHL rather 

than prevention (as aetiology is unclear), there is a constant need to understand the 

structural properties of these defects.  Amongst these, the present study explores the 

fluorescence properties of DHL to validate fluorescence technology as an alternate 

detection method to evaluate the clinical presentation of DHL.  The utilisation of this 

technology in an epidemiological study will determine the usefulness of fluorescence 

intraoral images for the detection of DHL, determining its potential predictive value 

for assessing the outcome of future preventive interventions.  

Thesis outline 

The present thesis has been organised in seven chapters: Chapter 1 is an introductory 

and summarised text regarding the research gaps encountered in the literature, 

research questions, aims, objectives and importance of conducting the present study.  

Chapter 2 is a narrative section describing in detail the past and present literature and 

evidence, with particular attention to the DHL epidemiological characteristics and 

relationship with dental caries, finishing with the use of fluorescence technologies to 

quantify enamel defects.  This Chapter concludes with the study rationale.  In Chapter 

3, the first experimental section, the methodology and results of a survey carried out 

amongst OHCPs working in the public sector to assess their knowledge and 

perceptions regarding MIH are outlined.  In Chapter 4 the methodological aspects and 

comparative epidemiological results of the DHL and dental caries prevalence between 

the studied populations are described.  In Chapter 5, a laboratory study conducted to 

validate quantitative light-induced fluorescence against Micro-CT methods is 

described.  In Chapter 6 the reliability of an intraoral fluorescence device for 

detecting DHL in a clinical setting is reported.  Finally, in Chapter 7 the overall 

findings and the limitations encountered whilst conducting the present study as well 

as the recommendations and final conclusions are discussed. 
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Introduction 

Developmental defects of enamel (DDE) are the result of alterations occurring during 

the process of tooth formation.  These defects comprise two main groups, enamel 

hypomineralisation and enamel hypoplasia.  Hypomineralised defects (e.g. 

demarcated opacities and diffuse opacities) affect the quality (mineral density) of the 

enamel, whereas enamel hypoplasia is a quantitative defect characterised by thinner 

enamel depth.1  These DDE are frequently encountered in the primary and permanent 

dentitions.2 

Demarcated hypomineralised lesions of dental enamel include those hypomineralised 

defects that are related to MIH, HSPM or any other demarcated opacities of systemic 

origin.3-5  Clinically, DHL are described as CW or YB demarcated opacities, which 

may suffer rapid PEB due to poor mechanical properties of the compromised enamel.  

Despite their systemic origin, DHL, usually, do not present with chronological and 

symmetrical patterns like other DDE.  The aetiology and pathogenesis are not totally 

understood; however, it is likely that many causative factors and a genetic influence 

are associated with the presence of DHL.6  

Severely affected teeth are often a troublesome condition for affected children as well 

as dental practitioners, as hypomineralised teeth can present with profound sensitivity 

to external stimuli due to the porous nature of affected enamel and dentine exposure, 

as a consequence of PEB.  Young children diagnosed with severe lesions may require 

significantly more treatment and may have increased levels of dental anxiety 

compared with their healthy counterparts, which therefore result in behaviour 

management problems.7,8 

There is a widespread distribution of DHL in the world with MIH prevalence ranging 

from 3% to 40%,9,10 and HSPM fluctuating from 1.6 to 28.4%.11,12  This variability 

may reflect a real influence of genetic, epigenetic, environmental and socio-

demographic factors associated with the condition or it could be putatively connected 

to the different protocols and examination procedures utilised in epidemiological 

studies.13,14  Despite the vast epidemiological evidence, the dental community in 

many countries has reported uncertainty regarding DHL occurrence and has requested 

supplementary prevalence studies.15-17  
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Predicting which children will be more severely affected by DHL and its impact on 

caries experience is challenging, as there is an under-recognised association between 

DHL and dental caries.14,18  The majority of epidemiological studies originate from 

Europe, and their primary focus has been to determine the prevalence and clinical 

presentation of the defects as well as exploring various putatively associated 

aetiological factors.  However, the relationship between DHL and dental caries has 

been neglected or confined to MIH, and particularly explored in low caries-risk 

communities.18 

Abnormal microstructural characteristics of DHL-affected enamel and underlying 

dentine have been reported.  The clinical features of the lesions are related to these 

physical properties and may be quantified to predict the future behaviour of the 

hypomineralised enamel.  Digital imaging and fluorescence methods have been 

applied in the quantification of early diagnosis of carious lesions and fluorosis.19-21  

These methods may also possibly distinguish between types of DHL and could be 

helpful in making correct decisions for the best treatment options.  

The aims of this literature review are to narratively present and discuss the current 

and past knowledge regarding DHL.  Initially, this section describes the historical 

background briefly, the process of enamel formation, DHL pathogenesis, 

morphological features of the lesions, aetiological factors and differential diagnoses, 

considering basic science and epidemiological studies.  These topics are fundamental 

information to comprehend the clinical consequences and management of these 

defects which are also described in this section, mainly sourced from the published 

clinical guidelines.  Furthermore, the available evidence on the relationship between 

dental caries and DHL will be discussed, with particular emphasis, for contextual 

relevance, on an overview of the two project regions selected (Melbourne, Australia 

and Talca, Chile).  Finally, the utilisation of dental imaging and fluorescence 

technology in the detection of enamel defects will be reviewed concluding with the 

study rationale. 
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History and nomenclature of demarcated hypomineralised 

lesions of dental enamel 

As defined previously, DDE are alterations of the normal appearance of enamel 

resulting from external stimuli affecting the enamel organ during amelogenesis.22  An 

early study (1939) classified these defects in enamel hypoplasia and 

hypocalcification, concluding that similar factors were responsible for both 

conditions; however, more severe disturbances resulted in quantitative defects such as 

hypoplasia.23  Enamel hypoplasia and enamel hypomineralisation have also been 

found in archaeological populations reflecting similar aetiological factors, such as 

nutritional deficiencies and diseases.24,25  On the other hand, Dean (1934) explored 

the relationship between hypocalcification or ‘mottled’ enamel and the fluoride 

concentration in the water supply.26  Since then, most of the research was related to 

‘endemic fluorosis’ (i.e. diffuse opacities) in fluoridated/non-fluoridated 

communities.22 

In the 1970's, the first prevalence studies about disintegrated dental enamel due to 

hypomineralised defects or ‘demarcated opacities’ in FPMs were conducted.27,28  

After this, the primary classification index for DDE was released, which included 

different codes for demarcated opacities, diffuse opacities and enamel hypoplasia.29  

This guide was subsequently updated in 1989 and 1992 as the mDDE.1,30  Until today, 

this index has been used in several research projects regarding developmental defects.  

Nevertheless, the unclear categorisation of enamel loss due to hypomineralisation or 

hypoplasia has been recognised as one of the mDDE index main limitations.13 

The term MIH was introduced in 2001, and it was defined as ‘hypomineralisation of 

systemic origin of one to four FPMs, frequently associated with affected incisors’.4  

This definition also covers a broad range of previous definitions, such as non-

fluoridated enamel opacities, developmental opacities, internal enamel hypoplasia, 

non-endemic mottled enamel, enamel opacities, opaque spots, idiopathic enamel 

opacities, cheese molars, molar hypomineralisation and idiopathic molar 

hypomineralisation.28,31-35  Different from hypoplasia and diffuse opacities, some 

authors consider that MIH is a relatively new enamel defect, associated with present-

day lifestyles and health-related issues.36  Elfrink et al. (2010) have described ‘MIH-

like’ defects in SPMs, and initially, this condition was coined as ‘deciduous molar 
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hypomineralisation’.37,38  Recently, the term HSPM was proposed to describe these 

lesions.13,39-41 

These definitions have led clinicians and researchers to focus on index teeth (i.e. 

FPMs, SPMs, PIs) and disregard the presence of DHL in other teeth, despite the 

evidence demonstrating that any primary or permanent tooth can be affected by 

‘MIH-like’ lesions.10,42-46  Therefore, the present study has adopted the general term 

of DHL, which comprises hypomineralised lesions that are related to MIH, HSPM or 

any other teeth presenting demarcated opacities which could also be attributable to a 

systemic origin.  

Enamel and amelogenesis 

Enamel is the most highly mineralised tissue in the body.  In permanent teeth, enamel 

consists of 95 - 96% by weight inorganic material in the form of impure calcium 

hydroxyapatite crystals, 3 - 4% water and 1% organic material.47-50  The MD of dental 

enamel ranges from 2.3 to 2.9 gr/cm3 approximately.51  It is the hardest tissue in the 

human body, but can also be fragile or brittle.  The dentine provides support and 

resilience to enamel and limits its fracturing.52  Enamel is the best-preserved structure 

of the human skeleton, does not macroscopically regenerate and develops 

incrementally, which helps in estimating formation stages (Table 2.1 and Figure 

2.1).53  

Amelogenesis is a complex example of bio-mineralisation in humans, involving a 

close interaction between cells, an organic matrix (proteins), and mineral 

components.54  Ameloblast secretion is responsible for enamel formation.47  After 

tooth eruption, if the enamel is destroyed, there is no replacement or regeneration as 

the ameloblasts are lost at the end of amelogenesis.55,56  

Amelogenesis commences in utero, during the first weeks of gestation and may take 

up to five years to be complete.56,57  This process derives from differentiated cells 

secreting matrix proteins which create a favourable environment for mineral 

deposition.52  The ameloblasts differentiate from cells of the inner enamel epithelium 

once the crown morphology has been defined at the early bell stage of tooth 

development.  The process of tooth formation commences at the cusp tips or incisal 

edges and continues cervically;52 meaning that at any time distinct parts of enamel are 
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undergoing a different stage of amelogenesis.58  Amelogenesis has three broad stages, 

i.e. secretory, transitional and maturation (Figure 2.2).50,59 

 

Table 2.1. Summary of morphological structures of normal enamel.47,52,60,61 

Name Location Characteristics 

Hunter-Schreger bands Inner enamel ¾. Parallel to the 

axis of the tooth 

Optical phenomenon as rods change 

direction and reflect light differently 

Incremental 

lines (formed 

in long period) 

Striae of Retzius 
(Enamel Straie) 

In a longitudinal view, these lines 
run obliquely to the surface (30). 

In horizontal sections, they look 

like concentric lines. 

Incremental lines showing enamel 
formation front. 

Perikymata Grooves Enamel surface When enamel striae reach the surface. 

Neonatal Line 

 

All Primary teeth and cusps of 

Permanent First Molars 

Stress over ameloblasts during birth 

Cross-striations (formed in short 

periods) 

Cross enamel prisms/rods.  Changes in the nature of organic matrix 

and/or crystals orientations. 

Enamel Spindles DEJ Remanent extensions of odontoblasts. 

Enamel Tufts Inner 1/3 of enamel Residual proteins (Tuftelin)  

Enamel Lamellae From DEJ to surface in cervical 
enamel 

Sheet-shaped less mineralised crack. For 
incomplete maturation or cracks after 

eruption. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1. Morphological characteristics of tooth enamel. E - enamel. D - dentine. 

DEJ - dento-enamel junction. EL - enamel lamellae. ES - enamel spindles. ET - 

enamel tufts. H-SB - Hunter-Schreger bands. SR - striae of Retzius.62 
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         Figure 2.2. Summary of the amelogenesis stages.63 

 

Secretory stage 

In the secretory stage, the enamel crystals develop in length, and the enamel deposit 

enlarges, comprising 35% of the enamel formation time.56  The crystals elongate at 

the mineralisation front close to the distal surface of the ameloblasts.49  Mineral salts 

are rapidly placed along the c-axis (length) of the crystals and very slowly increase 

the width of the crystals.64 

Differentiating ameloblasts acquire their phenotype, change polarity, develop an 

extensive protein synthetic apparatus and prepare to secrete the organic matrix of 

enamel.  Ameloblasts assume a columnar shape, extend their Golgi complex and 

develop a distal elongation of the Tomes processes.48,52,59  These terminal extremities 

are responsible for organising crystals into prismatic/rod and inter-prismatic/inter-rod 

enamel.65  During this stage, crystals are disorganised and do not grow in an entirely 

uniform manner.49,66  Ameloblasts subsequently retreat leaving protein matrix and 

immature enamel crystals behind.59  

The initial mineral phase is a distinct carbonated calcium hydroxyapatite also 

containing sodium, carbonate, magnesium, fluoride and other ions.47,59  The enamel 

organic matrix is presumed to provide mechanical support and architectural guidance 

to enamel developing.59  This matrix consists of various proteins categorised into two 
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main groups: a) Amelogenins and b) Non-amelogenins or enamelins (Table 

2.2).48,56,59  At the late secretory phase, the organic matrix markedly reduces its 

protein content and hydration increases.59  Therefore, the removal of amelogenin is 

necessary to continue with the mineral deposition and crystal growth.59  In the 

secretory stage, proteins reach 82% of their total amount and minerals only 14% of 

their total final content.56 

The secretory stage finishes once the full thickness of immature enamel is complete.  

Ameloblasts shorten, and Tomes processes retract.47  As enamel prisms/rods form in 

relation to the Tomes processes, which are eliminated, the final surface enamel does 

not have any prisms/rods (amorphous layer).52 

Transitional stage 

The transitional stage is reached once secretory ameloblasts change to their 

maturation form.47  After the enamel matrix deposition gets to full-thickness, the 

ameloblasts shorten and reorganise their organelles and 25 to 50% of them undergo 

apoptosis.48,56  Water and fluids rapidly replace the organic matrix.59  The enamel is 

very porous and looks markedly translucent.59,67 

Crystals have reached their full length, and the mineral content does not show many 

changes.  The matrix shows increased degradation and protein fragments become 

evident.59  

Maturation stage 

The maturation stage takes approximately two-thirds of the amelogenesis process 

time.56  The developing enamel entering this phase is 65% water, 20% organic matrix 

and 15% hydroxyapatite, in weight.47  During maturation, enamel hardness increases 

as the pre-existing immature crystals grow in width and thickness to replace the 

organic matrix.49  Ameloblasts repeatedly change their shape between ruffle-ended 

and smooth-ended morphology;48,56 dramatically decreasing their length and number 

(-50%),56 and the Tomes processes are no longer present.59  These cells are in charge 

of the modulation and the transport of specific ions (i.e. calcium, phosphate, and 

bicarbonate) and water removal; both mechanisms are required for the simultaneous 

mineral deposition.52,68  Thus, the maturation stage is characterised by the sudden loss 

of organic matrix and an abrupt increase in mineral content.59  
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The precise method for protein removal from the maturing enamel is not well 

defined.56,69  Evidence indicates that two possible pathways are responsible for this 

process: 1) the secretion of proteases for degradation of the organic matrix.  For 

instance, ameloblasts release matrix metalloproteinase 20 (MMP20) during the 

secretory stage and kallikrein-related peptidase 4 (KLK4) in the maturation stage,64,70 

and 2) the suspected resorptive function of the ameloblasts.52,56,69,71  At maturation 

culmination, the enamel is 86% mineral volume and 1% proteins.47,49  Mineralisation 

is completed after the tooth erupts into the oral cavity as contact with saliva increases 

mineralisation in the enamel surface.47  

 

Table 2.2. Summary of proteins related to enamel formation.47,50,52,55,56,64 

Protein % Examples Stage of production Main Functions 

Amelogenins 90  Secretory.  Production 
ceases when full enamel 

thickness is completed. 

Control crystal growth and mineral 
binding.  Inhibit volumetric 

expansion of the crystals. 

Non-

Amelogenins 

10 Enamelin Secretory  Largest protein and the minority 
among proteins.  Promote crystal 

elongation. 

Ameloblastin Secretory Collaborates in adhering.  
ameloblasts to forming enamel.  

Tuftelin Earliest production, 

Secretory 

Signalling for cell interaction.   

Remains after maturation (enamel 
tufts). 

Sulphated Enamel proteins Secretory Disappear shortly after secretion. 

Function Unknown. 

Proteases MMP20 Secretory Cleaving enamel proteins. 

KLK4 Transition and Maturation  Degrades residual enamel proteins. 

Serum proteins  Albumin Not from ameloblasts Inhibits crystal growth. 

Amelotin Maturation Cell adhesion. 

 

Pathogenesis of demarcated hypomineralised lesions of 

enamel 

The process of enamel formation is a genetically controlled mechanism.  Ameloblasts 

are sensitive and highly susceptible to external environmental insults.63  Therefore, 

increased temperature, hypocalcaemia and changes in pH levels amongst many 

possible factors can interrupt the normal process of enamel formation.72-74  

Disturbances affecting ameloblasts during the maturation stage may result in a 

hypomineralised enamel defect.  The pathogenesis of DHL is a complicated process 
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that has presented a challenge to many researchers.  This process involves the 

participation of serum proteins, specifically albumin.35,75  

The unsuccessful removal of proteins in developmentally affected enamel results in 

higher amount of protein and decreased mineral content compared to healthy 

enamel.35,75  Particularly, the role of albumin, as a modulation factor of the 

amelogenesis and as an associated factor with enamel defects has been documented 

previously.35,67,75  

In the transitional stage, albumin reaches peak concentration and shows its ability, in 

association with amelogenin, to affect crystal growth.59  Due to the permeability of 

the ameloblast layer, a low concentration of albumin is present in normal 

amelogenesis and there is some evidence showing its degradation by enamel 

enzymes.76  Authors have hypothesised that damage to the enamel organ leading to 

hyperaemia may cause an increased infiltration of serum proteins (blood) into the 

recently formed enamel.75  Serum proteins may interfere with enamel bio-

mineralisation by binding to enamel crystals and limiting their growth.54  Due to the 

limited crystal growth within the matrix, enamel does not mineralise evenly, which 

may explain the complex and asymmetric nature of DHL.56,59,77  Serum proteins are 

resistant to KLK4, which are the main proteases involved in protein removal during 

amelogenesis.35,64,75  Thus, the presence of albumin instead of amelogenin in DHL 

differentiate these defects from other DDE such as hypomaturation defects which 

include Amelogenesis Imperfecta and fluorosis.35,78,79  

Microstructural characteristics 

Hypomineralised enamel has deficient mechanical characteristics due to altered 

composition, decreased physical properties and an altered microstructure.45,51,75,80-88  

Hardness and modulus of elasticity 

Demarcated hypomineralised lesions of enamel have significantly reduced hardness 

(ability to resist permanent indentation) and Young’s modulus (ability to flex under 

loading without deforming).58,82,83,88,89  These lesions may have up to 80% reduced 

hardness and elasticity modulus, along with an opposite gradient compared to healthy 

enamel, i.e. resultant hardness increasing from the surface to the dento-enamel 

junction (DEJ).45,88  
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An early laboratory investigation by Suckling et al. in 1989 demonstrated a 

relationship between hardness and the colour of the DHL, with yellow lesions having 

lower hardness values compared to white and normal enamel.  However, this in vitro 

study used teeth from only one patient and reported the values in Knoop hardness 

ranges rather than units.45  More than twenty years later, the results were corroborated 

by a study in which CW, YB and broken lesions had an average hardness reduction of 

44%, 74% and 84% respectively.90  Crombie et al. (2013) also reported that Vickers 

microhardness of hypomineralised enamel was significantly lower that control 

enamel; however, differences by lesion type were not statistically significant, most 

likely due to a small sample size.88  

Apparently healthy enamel adjacent to an opacity has similar hardness and modulus 

of elasticity compared to the normal enamel of unaffected teeth.83  In a nominated 

‘transition zone’, which delineates the hypomineralised enamel from the surrounding 

sound enamel, it was found that the mechanical properties are depleted because of the 

weakened prism sheaths.89  On the other hand, using diverse hardness determination 

methods, authors have reported that the surface of hypomineralised lesions had higher 

hardness values compared to the body of the lesion, which may be attributed to post-

eruptive mineralisation.45,85,91  Interestingly, these physical properties of DHL have 

shown limited or weak association with the MD, and they appear to be associated 

more with other types of enamel alterations, such as increased protein content and 

structural variations.80,88 

Elemental content 

The level of carbon in DHL is higher compared to normal enamel and reflects an 

increment in organic components as well as carbonated apatite.88  Carbonated apatite 

has a higher solubility and reduced strength, which leads to augmented caries 

susceptibility in hypomineralised teeth.83,92  During caries-risk assessment, it is 

important to consider that not only is the amount of mineral affected, but also the 

quality of the mineral content is likewise compromised.88  Crombie et al. (2013) 

hypothesised that the increased carbonate content associated with DHL is due to an 

existing metabolic poisoning of the ameloblasts.  This results in a carbon dioxide rich 

environment for the maturation stage of amelogenesis.88 
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Jälevik et al. (2001) reported that the Ca/P ratio was lower in hypomineralised enamel 

compared to sound enamel.92  Contrary to expectations and by using different 

methods of analysis, other researchers reported that the Ca/P ratio did not differ 

significantly from normal enamel.83,85,93  Inconsistent results amongst the studies on 

this topic are mainly due to the diverse methods applied and the limited number of 

specimens tested. 

Protein content 

Initially, the authors of an histological study speculated that one of the sources of the 

high carbon content in DHL was derived from proteins.87  Subsequent research has 

demonstrated that hypomineralised enamel contained a 3 to 21-fold increase in 

protein content.35,75  Using electrophoresis and mass spectrometry, a considerable 

amount of serum protein, mainly albumin, was detected in hypomineralised enamel, 

with a higher proportion in yellow and brown DHL than in sound or white opaque 

enamel.75  Coincidentally, Robinson et al. in 1992, using animal models, reported that 

albumin might inhibit enamel crystal growth resulting in incomplete mineralisation.67  

The profile protein pattern of DHL also varied between intact and broken lesions, 

with the latter incorporating proteins from the oral environment.35  The pathogenic 

mechanisms are still unclear; therefore, researchers are still investigating the origin of 

the albumin in hypomineralised enamel. 

Microscopic appearance 

In general, the principal enamel structures encountered in hypomineralised enamel 

appear normal; however, the enamel prisms are disorganised and have thick prism 

sheaths.85,87  The enamel crystals are also less organised and less tightly packed.85,87  

This is indicative of a normal function of the ameloblasts during the secretion stage 

and a failure during the maturation stage.87   

Analyses of scanning electron microscopy (SEM) and polarised light microscopy 

(PLM) images histologically have shown that extensive DHL have the entire 

thickness of enamel affected by hypomineralisation.45,86  In hypomineralised enamel, 

prisms are normally oriented with marked inter-prismatic areas which is indicative of 

increased porosity.45,85  One research group, however, reported disorganised enamel 

prisms with voids present.83  On the whole, there is a clear margin between 
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hypomineralised enamel and normal enamel, characterised by a narrow area of 

fragmented prisms.45  At higher magnification in yellow DHL, enamel crystals may 

have a fibrillar or amorphous appearance, whereas, in white hypomineralised lesions, 

crystals are wider and more easy to identify.45  When hypomineralised enamel is 

etched and observed under SEM, the etching configurations seem altered and 

disorganised.82,87   

Interestingly, the cervical third of the enamel in hypomineralised teeth usually 

demonstrate normal histological and mechanical characteristics, suggesting there was 

sparing of this region from hypomineralisation.51,86,87,92  

Microscopically, hypomineralised lesions appear to have areas of the lesion body with 

up to 25% increased porosity in comparison with normal enamel.83,85,88  Analyses 

with field emission scanning electron microscopy and transmission electron 

microscopy have confirmed that hypomineralised enamel is less dense and more 

porous compared to healthy enamel, possibly due to the wider sheath region which 

also presents with increased inter-prism gaps.58,94  Furthermore, there is correlation 

between the extent of porosity and increased severity, with yellow lesions being more 

porous than white lesions.86  Additionally, the pore size is sufficient to allow bacterial 

penetration reaching the DEJ.85,88,95  

Mineral density 

The MD of DHL is reduced by 20% on average with high variability in different areas 

within the same lesion.51,84,96  This phenomenon is accompanied by increased protein 

and carbonate content.35,88  

In contrast with healthy enamel, the MD is reversed from the surface to the DEJ – 

highest at the DEJ and lowest just below the surface layer.51,84,86  The presence of a 

relatively hyper-mineralised surface layer may be indicative of post-eruptive mineral 

gain.91  However, the higher MD of the surface layer may also be confounded by the 

beam-hardening effect which can occur in Micro-CT reconstruction analysis.97  

Fearne et al. (2004) reported an average 5% reduction in the mineral content of 

apparently normal enamel and dentine within the hypomineralised tooth compared 

with a healthy control tooth, speculating that the whole tooth may have some level of 

hypomineralisation.84  More recent analyses indicate that sound enamel of 
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hypomineralised teeth possesses the same characteristics as enamel of healthy teeth, 

which is variable in MD between individuals.88  

Using Micro-CT, hypomineralisation in enamel followed the same direction of the 

incremental lines, although representative images showing DHL of different severities 

were not presented.51  The same authors also associated the severity of colour 

gradation of hypomineralised FPMs with the MD; highlighting that YB lesions have 

lower MD than whiter defects.80  Similar to FPMs, a single study using Micro-CT 

determined that YB HSPM lesions have 30% reduction in MD compared to healthy 

control SPMs, with areas within the same lesion showing up to 60% reduction of MD.  

These lesions also affected the entire thickness of enamel, and a relatively hyper-

mineralised surface layer was detected in similar fashion to hypomineralised FPMs.96 

Mineral variations in DHL have also been investigated using transverse micro-

radiography (TMR).  These analyses confirmed a reduced mineral content associated 

with increased porosity.88  

There is a lack of agreement between studies regarding the MD unit of measurement, 

which makes comparisons problematic.  For instance, mineral content values in 

density (g/cm3 and g/m3), unlike other studies where the results were measured in area 

density (mgHA/cm2).51,80,96,98  Most studies determining MD of hypomineralised 

enamel have utilised Micro-CT.  Yet, these analyses have been performed in different 

regions of interest using sagittal images, measuring grey scale levels and MD in two 

dimensions only.51,96  None of these studies, however, have explored other significant 

information provided by Micro-CT, such as porosity and volumetric density 

measurements.  

Characteristics of dentine under demarcated hypomineralised lesions of 

enamel 

Dentine subjacent to DHL is abnormal with penetration of microorganisms and 

bacterial residues producing an inflammatory response from the pulp.90,95,99-101  

Similar to hypomineralised enamel, the microhardness and MD of dentine under 

affected enamel are highly variable.  The MD is increased in inner dentine and 

reduced in the most external dentine.90  Polarised light microscopy has detected no 

significant porosity changes in the dentine.101  Nevertheless, inter-globular dentine 

deposits have been reported.101  The porous nature of DHL has been associated with 
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the penetration of bacteria and their by-products through the dentinal tubules resulting 

in pulpal inflammation.95  This penetration putatively explains one of the reasons for 

the higher concentration of organic content in dentine below hypomineralised enamel 

compared to dentine below normal enamel.101  The presence of bacterial products in 

the dentinal tubes activates an inflammatory response of the pulp, where there is 

increased pulpal innervation and growth of immune cells, and may explain the 

intensified sensitivity of some teeth affected by DHL.99,100  

Several investigations of the mechanical properties, structural characteristics and 

mineral composition of DHL have been conducted to comprehend the clinical 

behaviour of DHL.  The summary of the findings demonstrated that hypomineralised 

enamel has reduced physical properties and high protein content compared to normal 

enamel, which leads to increased risk for PEB owing to occlusal forces.  Structural 

changes in underlying dentine also exists; however, the pattern of those changes is 

more variable compared to hypomineralised enamel and only few studies have been 

unable to demonstrate reliable and repeatable results.  Structural and MD variations 

according to the clinical appearance of the lesions have been documented in a few 

studies, and it is likely that the colour presentation of the lesions is associated with 

unfavourable progression and future clinical complications.80,96 

Aetiological factors associated with demarcated 

hypomineralised lesions of dental enamel 

A large number of potential aetiological factors for DHL have been identified in the 

literature, however, because of the moderate quality of the studies and weak evidence, 

no convincing causal factors for DHL has been determined.31,102,103  The aetiology of 

DHL has remained largely unclear, but many authors have agreed that it is likely to be 

multifactorial in nature,6,31,102,104,105 as the clinical presentation of DHL varies from 

child to child even amongst those presumed to have been exposed to the same 

potential factors.106  There is also agreement regarding the systemic origin of the 

possible causative agents for DHL, which is clearly stated in the definition of 

MIH.4,106  

To date, several literature reviews have been published in relation to the aetiology of 

DHL, particularly MIH.6,31,102  These reviews have shown that studies on the 

aetiology of MIH have largely focused on factors related to the occurrence of DHL 
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during the mineralisation/maturation stage of amelogenesis of the FPMs and PIs, 

which occurs from intra-uterine life to approximately three years-of-age.  For FPMs, 

however, the window for the greatest susceptibility of ameloblasts to alterations has 

been identified from birth to the first year of life.63,102,107  Several limitations of the 

studies on the aetiology of MIH have been reported.  For example, a) the presence of 

multiple confounding factors is neither recognised nor statistically adjusted for,6 b) 

the retrospective methods of most studies with resultant low quality of evidence, 

drawing their conclusions based on the memory recall ability of parents, with only a 

few studies using reliable medical records,6,31,102 and c) the inability for comparison 

between studies due to different and confusing methodology along with diverse 

diagnostic criteria.6,31  Prospective studies are currently unavailable and have been 

recommended for the future.13,102  Nevertheless, it is important to note that this type of 

longitudinal study design is difficult to conduct as trials are extensive in time, and a 

large sample size would be required due to drop out over the extended period of the 

study (estimated N > 1000).13,108  Based on most reviews, the associated risk factors 

for the development of DHL have been categorised according to the time of 

occurrence into the pre-, peri-, neo-, and post-natal periods as well as genetic factors.  

Pre-natal period 

Maternal medical problems during pregnancy are more prevalent in mothers of 

children with MIH compared to mothers of children without hypomineralised 

FPMs.109-111  Most studies investigating these risk factors did not show statistically 

significant results, nor specify the type of problem or illness affecting the mothers 

during their pregnancy.112-115  Based on one retrospective study in Iraq, anaemia, 

frequent ultrasounds and psychological stress during pregnancy were identified as risk 

factors associated with MIH in children.116  Medications consumed by the mother and 

smoking during pregnancy were also explored as potential aetiological factors, but 

most researchers failed to determine significant association with MIH.111-115,117,118  

Regarding hypomineralised primary teeth, maternal illness in the second and third 

gestational trimester were reported in 80% of children with HSPM compared to 20% 

of those whose mothers reported illnesses during the first trimester of pregnancy.40  

Alcohol consumption and use of folic acid during pregnancy were also documented as 

possible pre-partum factors associated with HSPM.119  In contrast, taking antibiotics, 
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anti-asthma and anti-allergy drugs during pregnancy was not found to be associated 

with DHL in primary molars.120  Unfortunately, comparisons between the findings of 

different studies are implausible, as only a few investigations have been conducted to 

date regarding the risk factors for HSPM. 

Peri- and neo-natal periods 

Research investigating the peri- and neonatal periods has identified prematurity, low 

birth weight, birth complications and type of delivery as potential risk factors 

associated with DHL in the permanent dentition.6,108  These variables are related to a 

reduction in the oxygen supply for the enamel organ and hypocalcaemia during the 

process of mineralisation, which can result in hypomineralised enamel tissue.73,121,122  

Premature birth, birth complications and caesarean delivery have been investigated 

widely, but only a few studies have determined a putative association with 

MIH,108,115,123,124 with many studies not demonstrating significant 

findings.110,111,113,118,125  Low birth weight is a possible risk factor for MIH as well as 

HSPM.40,116,119  

In summary, due to the amount and poor quality of the epidemiological evidence to 

date, review papers have speculated that it is unlikely that pre-, peri- and neo-natal 

factors have a causative effect for DHL in the permanent dentition, as they are 

uncommonly associated with the presence of MIH.6,102  However, a research group 

from the University of Melbourne (UoM) have demonstrated the presence of foetal 

serum proteins, particularly alpha-feto protein (AFP) in hypomineralised enamel of 

FPMs.126  Despite the great variation in the amount of AFP reported, this finding 

reflects that the timeframe for MIH onset could be pre- or peri-natal.126  To confirm 

this pathogenic theory, further laboratory and epidemiological investigations are 

required.  Pre- peri- and neo-natal factors may also play a role in the aetiology of 

DHL in primary dentition.  Previous studies have determined that pre-natal events 

combined with neonatal illness are often reported amongst children with HSPM.40,119 

Post-natal period 

There is some evidence that breastfeeding may be considered protective against 

HSPM.40,119  On the other hand, evidence for MIH is controversial, with suggestion 

from some authors that a breastfeeding period of longer than six months may result in 
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the increased possibility of developing MIH,116,118,127 whilst other authors have 

questioned whether this finding is valid.110,114,128  

Another risk factor for the development of MIH during the post-natal period is early 

childhood illness, which has been investigated extensively, in particular hyperpyrexia, 

which can cause alterations in the local environment of the ameloblasts.72,129  

Episodes of hyperpyrexia occasioned by frequent infectious diseases such as 

measles,123 chickenpox,110,123 gastrointestinal diseases,123 common cold,129 

tonsillitis,112,116 bronchitis,130 respiratory infections,117 urinary tract infections,131 and 

ear infections,132,133  have been linked with the aetiology of MIH, but there is a lack of 

confirmation between the studies.6  Particular attention has been given to asthma and 

pneumonia, as many authors have reported a positive association between these 

conditions and the occurrence of hypomineralised defects.112,114-116,123  Similar health 

problems have been documented amongst children with HSPM, particularly ear 

infections, tonsillitis and pneumonia.40  Several systemic conditions have also been 

implicated in enamel defects, such as heart defects,134 epidermolysis bullosa,135 cystic 

fibrosis,136 and coeliac disease.137  

Many researchers have reported an association between the ingestion of antimicrobial 

medications with the development of MIH, i.e. whether they have been taken by the 

mother during pregnancy or administered to the child during infancy.110,114,132,133,138  

The most common drugs associated were amoxicillin and erythromycin, consumed 

during the first three years of life.110,131,133,138  Laboratory studies in animals have 

confirmed this association, where quantitative and qualitative defects, changes in the 

enamel structure, lack of homogeneity of forming enamel, reduction in enamel matrix 

and reduced MD were observed.138-143  Nevertheless, systematic reviews regarding 

this topic have determined that there is not sufficient epidemiological evidence to 

establish the role of antimicrobial medication in MIH, due to the retrospective nature 

of the majority of published studies.6,102  The use of anti-asthmatic drugs and 

immunisation therapies have also been proposed as possible causative factors for 

MIH, although the data are not conclusive.105,113,125,144 

Investigations into water fluoridation and MIH have also been conducted.  Balmer et 

al. published a set of studies investigating the relationship between access to 

fluoridated water and the prevalence of MIH.145-147  Despite fluoridated water 

consumption being an improbable risk factor for DHL, as low prevalence rates had 
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been reported in fluoridated communities,9,148 Balmer et al. (2015) in their latest study 

concluded that children from fluoridated communities were less likely to present with 

MIH, but those who were affected were at higher risk to present DHL of increased 

severity.146  However, statistical evidence was not sufficiently strong to demonstrate 

these associations, as confounding socio-economic factors influenced the results, and 

the diagnostic criteria used were not specific for DHL.  

Accidental exposures to environmental pollutants in childhood, for example, dioxins 

and Bisphenol A (BPA), have also been reported as possible causative agents for 

DHL.63,149,150  Some authors have postulated that the source of pollutants comes from 

maternal milk.127  Recent population studies have failed to report a statistically 

significant association between dioxins in the environment and breast milk with 

hypomineralised defects.151,152  On the other hand, an in vitro study that exposed rat 

embryos to low doses of BPA found similar characteristics between the 

hypomineralised enamel lesions that subsequently developed in the rats and human 

MIH lesions.  It is speculated that BPA influenced the expression of enamelin and 

KLK4, which then significantly contributed to the persistence of organic content in 

recently formed enamel, which was represented by an increased level of serum 

albumin.63  

Genetic factors 

During amelogenesis, cellular, biochemical, genetic and epigenetic influences are 

expected.153  Hence, a genetic susceptibility associated with other putative factors 

may also be related to the development of hypomineralised defects of enamel.153,154  

This genetic theory is supported by the differences in the prevalence and the 

occurrence of DHL in families and other teeth different from FPMs and PIs, and the 

lack of precise aetiological causes, despite years of research.103  Some authors have 

also established clinical similarities (e.g. predilection for FPMs and PIs) between 

MIH and other genetic disturbances, such as tooth agenesis, microdontia and oral 

clefting.103  Moreover, anecdotal evidence based on reports by clinicians have 

indicated that these defects are repeatedly seen in parents and their siblings.155  

Alterations have been discovered in the genes coding for amelogenin, MMP20 and 

bone morphogenetic (BMP) proteins found in MIH-affected patients in recent 

years.154,155  Nevertheless, many authors still support a multifactorial aetiological 
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nature of MIH development where epigenetic components describing gene-gene or 

gene-environment interactions are responsible for the clinical presentation of DHL in 

permanent and primary dentitions.155  Future exploration of these interactions in well-

sized and ethnically diverse populations has been recommended.154,155  

There has been a substantial amount of research directed to determine the aetiological 

factors related to DHL.  Most of the published reports are retrospective in nature, and 

the results vary greatly amongst studies.  No particular aetiological factor has been 

identified, and the main conclusion is that the aetiology of DHL is likely to be 

multifactorial.  Nevertheless, common illnesses (fever episodes) affecting infants are 

statistically more related with DHL prevalence, particularly with MIH.  Despite the 

amount of literature regarding the genetic influence being limited, the link between 

DHL and a genetic expression is also apparent.  High-quality prospective research on 

aetiological factors is complex to conduct, and more retrospective studies - if 

conducted under similar designs - will be unlikely to bring new insights about the 

topic; therefore, laboratory-based investigations on the defect characteristics will help 

to increase the understanding of DHL clinical behaviour, as primary prevention 

strategies are implausible until the aetiology is determined.  

Clinical presentation of demarcated hypomineralised lesions 

of enamel 

Demarcated hypomineralised lesions of enamel consist of abnormal enamel with a 

different translucency (opacity).4  In contrast to normal enamel, the porous 

hypomineralised enamel has a lower refractive index, which is observed clinically as 

opacity.156  These opacities have a clear boundary with the adjacent healthy enamel, 

and they may differ in colour.157  For instance, defects may vary from white, creamy, 

yellow to a brown appearance.  Additionally, the surface of affected enamel may be 

soft or porous.157  Severe defects may have greater porosity and reduced mineral 

content, which leads to the disintegration of the enamel surface shortly after tooth 

eruption, which may appear clinically to an inexperienced clinician as a hypoplastic 

lesion;157,158 the boundaries of which may appear as irregular and sharp.159  Not 

surprisingly, PEB more frequently affects molars when compared to incisors or 

canines, likely to the fact that molars receive higher mastication forces.51,105  As 

discussed earlier, the cervical enamel of hypomineralised teeth is rarely or never 
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disturbed by DHL, and maintains its normal MD as well as its histological and 

mechanical qualities.51,82,86-88,158 

When carious lesions or restorations outline do not follow the typical carious lesion 

development patterns (areas of difficult access to clean or areas of plaque stagnation) 

or the child’s overall caries risk, they are considered atypical carious lesions and 

atypical restorations, respectively.14  Often, remnant hypomineralised enamel can be 

found adjacent to these atypical carious lesions/restorations on closer examination, 

indicating the relationship with a DHL.158  Another common presentation is the 

premature loss of molar teeth for putative reasons such as dental caries or pulpal 

infection, which are inconsistent with the general oral health scenario, especially 

when other teeth show signs of DHL.  This is referred to as atypical extraction or 

teeth missing due to DHL.14,158  The occurrence of PEB, atypical carious lesions, 

atypical restorations and atypical extractions is the most severe clinical implication of 

DHL. 

A particular characteristic of MIH is the asymmetrical appearance of DHL in the 

dentition.  For instance, one patient may have one to four FPMs affected, with varying 

degrees of severity and clinical appearance from molar to molar.105  A higher number 

of affected PIs has been related to increased severity of DHL in the FPMs.9,10,34,160,161  

The opacities may be present in maxillary or mandibular PIs; and PEB is unusual.105  

Differential diagnosis 

Demarcated hypomineralised lesions of enamel may be confounded by other DDE 

(Table 2.3).  Different from diffuse opacities, DHL are asymmetrical lesions that may 

affect isolated teeth, whereas diffuse opacities such as fluorosis affect all teeth in a 

determined symmetrical pattern.14  The presence of diffuse opacities has been linked 

to decreased dental caries experience, whereas,162,163 DHL-affected teeth tend to be 

prone to carious lesion development.128,158,164  Fluoride intake history may be useful to 

determine the definitive diagnosis.  

With hypoplasia, the differential diagnosis is clinically established and based on the 

margins of the lesions.  These margins are typically smooth in hypoplastic enamel, 

and the enamel has normal translucence, in contrast with rough and sharp margins in 

opaque hypomineralised enamel with PEB.159  Permanent incisors, canines and 

premolars may also present with DHL or hypoplasia without the involvement of 
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posterior teeth.  This entity may be due to traumatic injury or to infection of the 

primary tooth which affected the permanent successor during its development.165,166  

Demarcated opacities on PIs will only be diagnosed as MIH when at least one first 

permanent molar is also affected.   

The differential diagnosis of white spot lesions (WSL) and DHL is mainly based on 

the location of the defects.  White spot lesions are found in areas where oral biofilm 

accumulates (e.g. cervical margins, pits, fissures and proximal areas), whereas DHL 

are limited to the occlusal two-thirds of the crown.167  However, reports using 

imaging analyses have concluded that clinical differentiation between WSL and white 

DHL is complicated.168  

 

Table 2.3. Differential diagnosis of DDE.1,35,45,158,169 

 

Severity of demarcated hypomineralised lesions of enamel 

The severity of the DHL determines the treatment needs and further management of 

the condition.  Demarcated hypomineralised lesions of enamel have been 

discriminated as mild intact opacities, independent of colour, or severe lesions 

including PEB, atypical restorations, atypical caries or extractions.128,165,170  

Characteristics 

Type of DDE 

Demarcated hypomineralised 

lesions.35,45,158 

Diffuse opacities/ 

Fluorosis.45,169 

Hypoplasia.1,45 

Affected stage of 

amelogenesis  

Maturation Maturation Secretory 

Nature Qualitative defect Qualitative defect Quantitative defect 

Aetiology Not clear. It is hypothesised that 
multifactorial systemic insults act on 

ameloblasts and result in incomplete 

protein removal from enamel matrix.  

Long-term ingestion of 
fluoride during tooth 

development 

Insults causing 
dysfunction of 

ameloblasts 

Clinical 

appearance 

Abnormal enamel of normal thickness. 

Lesions of white, yellow or brown colour. 

Severe cases with enamel breakdown, 
atypical caries, atypical restorations and 

atypical extractions. Asymmetrical 

presentation. 

White mottled defects with 

a linear, patchy or confluent 

distribution. Mainly 
symmetrical presentation. 

Partial or total absence 

of normal enamel in the 

form of pits or grooves. 

Lesion borders Defined margins. Not clear boundaries Regular boundaries, 

rounded edges 

Affected teeth Any, but predilection for FPMs, incisors 
and SPMs 

Several, mainly incisors Any 

Enamel loss or 

absence 

After eruption. Sharp boundaries In severe cases only Prior eruption. Rounded 

edges 
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A research group from UoM investigated the Molar Hypomineralisation Severity 

Index (MHSI).34,160  Oliver et al. (2013) associated treatment received with a 

determined tooth affected with MIH, and the dentition scores of the MHSI.160  The 

authors demonstrated that the type of treatment was dependent on the quantity of 

enamel loss, colour and location of the defects.  Mild severity or low scores were 

associated with mostly preventive therapy, whilst restorative treatment was associated 

with the most severely affected teeth.  Moderate severity and medium scores were 

given when there was an involvement of up to two severely affected FMPs.  

Treatment options for these cases were preventive therapy, restorative treatment with 

preformed metal crowns (PFM) and stabilisation of the affected teeth with glass 

ionomer cement (GIC).  Severe MIH and high scores were given to dentitions with 

four severely affected FPMs.  Treatment plans included restorative therapy with PFM, 

orthodontic consultations and extractions.  These categories of severity are in 

agreement with previously published reports.128,171,172 

Despite the usefulness in grading the severity of the MIH condition, the severity 

indices developed have missed certain important aspects of the condition; for 

example, the affected surface area, the extent of the defects and the sensitivity of 

affected teeth.34,160,171  Future indices should consider inclusion of a combination of 

various indicators to quantify the severity of DHL more accurately.  For instance, 

colour of the lesion and PEB (e.g. brown defects with or without PEB), surface area 

of the defects (e.g. cuspal or smooth area), extent of most severe defect in the tooth 

surface (e.g. less than 1/3, between 1/3 and 2/3, more than 2/3 of the surface), and the 

extension of PEB (i.e. enamel only or enamel and dentine).  Additionally, subjective 

measures have also been recommended to be included in the assessment of 

severity.34,173  The majority of these aspects has been covered by recently published 

diagnostic criteria.14  Nevertheless, the validity of these criteria needs to be tested in 

different communities. 

It appears appropriate to record the severity of DHL especially in epidemiological 

studies, as it has been demonstrated that the severity of DHL tends to progress with 

time in some lesions due to PEB; consequently, it has been hypothesised that DHL 

could be a dynamic condition due to post-eruptive change.170  The colour of the 

defects seems to be an essential characteristic which may predict future increase in 

severity.170  For example, yellow and brown opacities presented with a greater risk of 
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developing PEB or atypical restorations.170  This association has been supported by 

laboratory findings, which showed that lesions with darker colours have a lower 

MD.80  The exploration of DHL optical properties could potentially help 

epidemiologists to elucidate the potential of the colour presentation of 

hypomineralised enamel defects in predicting PEB.35,109,174,175  

The association between DHL severity characteristics and carious lesions progression 

is unclear.  Past studies have mainly related the presence or absence of MIH with 

DMFT values.18,144,148,176-182  Other criteria for carious lesion detection and 

quantification exist, which distinctly specify the stage of the carious lesion.  For 

instance, the use of ICDAS and PUFA/pufa index in epidemiological studies will add 

important information to the literature explaining the real impact of DHL on the 

carious lesion prevalence and severity.183,184  More detailed evidence on this topic will 

be described in a following section of this review. 

Clinical consequences 

Investigations regarding the clinical consequences related to DHL have been mainly 

described in MIH-affected children.  Although hypomineralised defects in permanent 

and primary teeth may have similar properties, the extent of the clinical problems of 

DHL in primary dentition, particularly HSPM, is still undetermined.  

Post-eruptive enamel breakdown 

Inferior mechanical properties make affected enamel highly susceptible to 

unpredictable breakdown after tooth eruption.  Hypomineralised enamel can easily 

collapse under normal masticatory forces.4,128  A longitudinal study determined that 

the process of PEB may progress with time, but the individuals' oral environment 

could influence its progression.164,170  Recent investigation of children with MIH in 

Melbourne demonstrated that brown lesions on cuspal areas of FPMs with 

restorations showed continued and progressive breakdown.185  This may complicate 

diagnosis as PEB may have a similar appearance to carious lesions, however, regions 

such as cusps are unlikely to be primary sites for carious lesions, so diagnosis may be 

simplified depending on the location of the lesion.  Thus, the pattern and location of 

the lesions and the presence of other hypomineralised teeth should be noted in order 

to differentiate properly hypomineralised lesions with PEB from atypical carious 
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lesions.158  

Sensitivity 

Teeth affected with DHL, whether intact or broken, can be very painful and sensitive 

to thermal, osmotic and mechanical stimuli.8,157  This hypersensitivity may negatively 

affect eating and routine oral hygiene procedures.  Often, tooth-brushing activities are 

avoided in the sensitive area.  Consequently, plaque accumulation increases, 

favouring rapid carious lesion development and deterioration of the tooth structure in 

an individual at high caries-risk.8,106,157  Additionally, porosity, dentine exposure and 

inflammatory changes in the pulp may heighten sensitivity to external stimuli and also 

complicate achieving effective local anaesthesia.95,99-101  

Re-treatment 

Children with MIH have a higher likelihood of receiving preventive, restorative and 

orthodontic treatment compared with non-affected children.8,128,186  Moreover, there is 

a higher probability of requiring repeated dental treatments for procedures such as 

sealants and restorations.186  Importantly, restorations replacing large areas of 

hypomineralised tissue (atypical restorations) have shown to have an increased risk of 

failure.128  This failure is attributed to the weak adhesion of the restorative material to 

the altered enamel or to the irregular shape of the restoration, often involving cuspal 

areas.  This can cause collapse of the surrounding enamel leading to carious lesion 

development.128,186-188 

Dental fear and anxiety 

Children with MIH often present with increased dental anxiety.  The hypersensitivity 

often associated with DHL, along with multiple and complicated treatment sessions, 

may lead young children with DHL to develop high levels of dental anxiety, fear and 

behavioural issues.8  These behaviour management issues tend to persist with time, as 

determined in a longitudinal study comparing MIH-affected children and a control 

group.7  In this study, many of the children had the majority of dental treatment 

provided without local anaesthesia, due to the lack of cooperation caused by a 

previous traumatic dental experience, often involving perceived ineffective local 

analgesia.7,8  Unfortunately, as HSPM affects very young children, who are more 
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likely to present with limited cooperative ability, referral to paediatric dentists and 

rehabilitation treatment under general anaesthesia (GA) may be necessary.2  The use 

of nitrous oxide relative analgesia should also be considered as it may likewise help to 

control anxiety caused by dental treatment.32  Due to the high prevalence of DHL, it 

has been recommended that principles of management for these patients should be 

included in dental training programs.189    

Quality of life  

Interestingly, the presence of enamel defects in a cross-sectional study of Australian 

children did not affect their oral health-related quality of life (OHRQoL).190  This 

study was conducted in children (mean age of 7.2 years) who may not have 

undergone extensive dental treatment and experienced the clinical consequences 

related to DHL.  The same sample was re-assessed eight years later, and the OHRQoL 

was linked only to the caries experience but not with DDE.191  However, the number 

of participants had dramatically decreased for the follow-up study with only 91 

participants out of the original 1135, which was likely to have affected the results. 

Financial consequences 

The treatment of hypomineralised teeth may involve significant financial costs for the 

family of affected individuals, and also the Government for children treated in public 

dental clinics.  Patients with mild DHL may require only minimal interventions, 

whereas severe cases may require extensive interventions and incur substantial 

expenditures related to dental treatments such as restorations, extractions and 

orthodontic management.  Additionally, specialist referrals may significantly increase 

the costs incurred.  This may be compounded by the need for GA which may be the 

preferred behaviour management option for children, especially the young, who have 

significant dental treatment needs related to DHL and may be unable to cope with 

treatment in the chair due to behaviour challenges as discussed previously.32  This is 

in line with the findings that the utilisation of GA in paediatric patients has increased 

in Australia, particularly in relation to the removal of teeth.192  Anecdotally, in 

Victorian public dental facilities, a large proportion of these interventions can be 

associated with severe cases of DHL.  Thus, the high burden of care associated with 

DHL appears to be comparable with other health issues, as supported by unpublished 
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findings from a group of experts which indicate that the Australian national 

expenditures on this dental condition are similar to the cost of many specific medical 

diseases such as cancer.193 However, this information needs to be corroborated 

scientifically. 

Other associated costs may also include the time taken to attend treatment 

appointments and missing school or work time.193  Moreover, there is a psychological 

cost associated with DHL as untreated enamel defects produce a negative 

psychological influence in affected children.194  This may be linked to aesthetic 

concerns related to hypomineralised incisors, which could also affect these children 

psycho-socially.172,195  The implications of DHL are widespread, significantly 

impacting affected individuals, their families and ultimately the State; hence, any 

means that may reduce these implications such as primary prevention or early 

diagnosis and treatment to minimise the high burden of care would be greatly 

beneficial on an individual, population and State level. 

Caries experience and demarcated hypomineralised lesions 

of enamel 

One of the main complications affecting teeth with hypomineralised defects is the 

high susceptibility to develop severe carious lesions.  Determining the dental caries 

experience of children affected by DDE has been one of the major rationales for many 

epidemiological studies,176,196-199 although only a few have conducted appropriate 

statistical analyses to determine the association of DDE and the caries experience or 

carious lesion severity of the studied populations.14  Previous publications on DDE 

emphasised the strong association between the presence of hypoplastic lesions and 

carious lesion development, particularly in the primary dentition.200,201  Similarly, a 

recent longitudinal study conducted in Queensland, Australia, demonstrated that oral 

health interventions played a minor role in preventing carious lesion development of 

hypoplastic primary teeth.201   However, little attention has been given specifically to 

carious lesions associated with DHL.  Carious lesions subsequent to the breakdown of 

hypomineralised defects have been nominated as atypical carious lesions.14  Although 

the term atypical caries was initially described by Mahoney in 2001,202 two years 

later, the EAPD proposed a new epidemiological tool with a specific note clarifying 

that atypical carious lesions should be judged as MIH.158   However, studies included 
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PEB with and without carious lesion occurring as a single category (i.e. PEB), and 

therefore the prevalence and severity of carious lesions associated with DHL have not 

been clearly reported.  Considering DHL as a caries-risk factor at child or community 

level is relevant and the recognition of a particular dental caries entity associated with 

the defects will highlight the origin of these carious lesions.203  The potential 

increasing prevalence of DHL in the population may increase the burden of dental 

caries significantly.15,204  Promotion or preventive strategies aimed at dental caries 

may be less effective in DDE-affected teeth, as the altered structural properties of the 

enamel increase susceptibility.200,201 

A novel index has included atypical carious lesions as a separate entity into a DHL 

diagnostic chart defining it as: ‘The size and form of the carious lesion do not match 

the present caries distribution in the patient's mouth’.14  Authors of this index have 

also encouraged researchers to include a comprehensive assessment of carious lesions 

in the both permanent and primary dentitions.128  Therefore, the use of ICDAS II had 

been recommended as an attempt to minimise confusion and clarify the origin of the 

carious lesions,14 as some initial carious lesions may be misdiagnosed as 

developmental defects,205 and the same may occur between PEB and established 

carious lesions. 

The ICDAS diagnostic criteria were introduced in 2002 and involve coding the 

carious lesions into stages, including initial enamel changes.206  Subsequently, an 

additional code for the restoration status was included, and the system was updated to 

ICDAS II.183  Very few studies regarding DHL have used ICDAS II for carious 

lesions.  For example, Ghanim et al. (2012) noted that the prevalence of carious 

lesions and restorations was more than two times higher in MIH-affected molars 

compared to healthy molars.173  These authors also reported that PEB was twelve 

times more likely in teeth with established carious lesions than in sound teeth, or in 

teeth with existing early stage carious lesions.207  However, atypical carious lesions 

were not independently observed. 

Lately, another index has been utilised to determine the consequences of untreated 

carious lesions in epidemiological surveys.  Monse et al. (2010), developed the 

PUFA/pufa index which relates to various pulpal and associated surrounding tissue 

complications.184  Treatment needs, in particular extractions or endodontic treatment, 

are rarely reported in the literature concerning DHL.144,173  This could lead to relevant 
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information regarding the real impact of DHL over the oral health status of affected 

children being overlooked.  To date, most studies using PUFA have been conducted 

to determine the sequelae of carious lesions in communities with very high caries-

risk,184,208-211 but information regarding untreated severe atypical carious lesions could 

be useful to identify children at risk of suffering pain and infection, and to increase 

awareness amongst policy developers about the complex treatments needs relating to 

DHL in any population. 

At present, many epidemiological studies that have determined the caries experience 

of DHL-affected children using the World Health Organisation (WHO) diagnostic 

criteria (DMFT/dmft index), which excludes uncavitated carious lesions in early 

stages and consequences of untreated carious lesions.212  Some authors related only 

the presence of decayed teeth with DHL, disregarding the “restored” and “missing” 

component of the DMFT/dmft.38,213-215  Based on their findings, authors have 

documented an overall increased caries experience in MIH-affected children 

compared with a non-affected cohort.144,148,176-182,216  Only two articles from Germany 

and one from Norway have found no association between caries experience and 

MIH.197,217,218  Interestingly, these studies in low caries-risk communities also 

determined the presence of DHL in teeth other than index teeth.  It has been noted that 

the impact of DHL in the caries experience of low caries-risk communities may be 

more evident than in high caries-risk communities;18 however, Ulusoy et al. (2016) 

reported that in high-caries-risk children the majority of those affected by MIH also 

presented severe manifestations of the condition and increased DMFT compared with 

defect-free children.219   Thus, comparisons between different caries-risk communities 

with a distinction between atypical or typical carious lesions to establish whether 

DHL was the primary causative factor for the coronal destruction is of interest for 

future epidemiological research.  This will help to elucidate the real impact of DHL in 

dental caries experience/prevalence.   

An association between HSPM and the presence of carious lesions in the primary 

dentition has been noted in a small number of studies.38,207  In a sample derived from 

a population in the Netherlands, the authors concluded that children with HSPM have 

a three times higher likelihood of carious lesion development in the SPMs compared 

with unaffected children.38  In Iraq, Ghanim et al. (2013) reported that a higher 

prevalence of PEB occurs in primary molars with cavitated carious lesions.207   In a 
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longitudinal study in Australia, researchers conducted interviews and dental 

examination of 725 children (from birth to 6 years old).  The data indicated that 

primary teeth with enamel pits, missing enamel and hypoplasia adjacent to YB 

opacities were at higher risk of early development of carious lesions compared to 

unaffected teeth.201  However, the methods excluded the carious lesion severity 

(ICDAS) and DHL specific diagnostic criteria. 

Management of DHL 

Management and predictive treatment of DHL-affected teeth is challenging for both 

children and clinicians.  Affected children may need multidisciplinary management, 

including a general dental practitioner, paediatric dentist and orthodontist.106  The 

long-term prognosis of affected teeth must be considered and discussed with the child 

and parents, as well as managing all the other associated clinical issues.105  For 

instance, tooth sensitivity, PEB with dentine exposure, increased carious lesion 

susceptibility, aesthetic issues and potential early loss of first molar teeth.8,102,106,128  

Moreover, OHCPs have reported many barriers to treatment of affected children, such 

as the lack of training with respect to MIH, child behaviour management challenges, 

premature failure of restorations and unpredictable enamel breakdown.15,16,189,204  

Early identification and preventive treatment 

Children at risk of developing DHL in the permanent dentition should be identified 

prior to the FPM eruption in the mouth.32  Risk factors include the presence of a 

relevant medical history (as discussed) with putative aetiological factors, defects 

visible on radiographs and the presence of DHL in the primary dentition.3,32  While 

tooth eruption is being monitored, diet counselling and oral hygiene, including 

fluoridated toothpaste and remineralising products are recommended.32,106  

Fluoridated toothpaste, fluoride varnish and topical products containing casein 

phosphopeptide-amorphous calcium fluoride/phosphate (CPP-ACP/ACFP) have been 

recommended to enhance mineralisation and to decrease sensitivity.32,91,93,106,195  Most 

of the evidence regarding the clinical efficacy of these preventive strategies and 

products used in patients with DHL is anecdotal.172,195  One clinical trial tested the 

efficacy of newly developed desensitising toothpaste based on 8% arginine and 

calcium carbonate to minimise sensitivity of hypomineralised FPMs after an eight-
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week follow-up.  Despite the low number of participants and the absence of a 

negative control group, results were promising, indicating a reduction in the air and 

tactile hypersensitivity scores of patients affected by DHL.220 

Teeth affected by DHL are often hypersensitive to changes in temperature.  Even a 

preventive procedure such as sealant placement can cause pain, anxiety and 

discomfort.156,221  Resin-based fissure sealants have been recommended for DHL 

affected teeth, in particular, those with mild lesions and with absence of sensitivity 

and PEB.32,160,171,172,221  Lygidakis et al. (2009) suggested that in intact occlusal 

lesions, sealants may be effective in reducing further treatment needs and preventing 

enamel breakdown.222  However, clinical studies demonstrated that the retention rate 

of conventional resin-based fissures sealants in hypomineralised teeth is poor, 

particularly due to unfavourable bonding of conventional techniques without 

adhesive.186,222  The use of adhesive agents may improve their retention.222  Many 

studies have explored resin infiltrant (Icon®, DMG, Hamburg, Germany) as a 

minimally invasive approach to manage DHL by increasing strength and decreasing 

porosity.223-225  Resin infiltrant can penetrate hypomineralised enamel, although with 

an unpredictable pattern, so their use is not recommended at present until their 

efficacy can be established.223  As an alternative, the use of GIC sealants may provide 

interim protection when there is a difficulty achieving adequate moisture control or 

teeth have not totally erupted.32 

Restorative treatment 

The clinical decision regarding the most appropriate treatment must be based on 

several factors, such as severity and position of the defect, stage of dental 

development, caries-risk status, patient expectations and family social background.195  

In addition to treatment barriers such as achieving adequate anaesthesia and child 

behaviour management problems, local factors also have to be defined, for example, 

cavity margins and the choice of material/restoration type.172  Partial or complete 

removal of the hypomineralised enamel is a conflicting point in the literature, as there 

is no evidence as to which approach provides better results.  Total removal is 

proposed to improve bonding, but excessive extension of the resulting restoration may 

reduce the longevity of the treatment, and may affect the pulpal health.32,171,195  Partial 

removal is a more conservative approach; however, the hypomineralised enamel at 
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the restoration margins is prone to breakdown, leading to rapid marginal 

failure.186,187,195  Many restorative materials may be utilised for the restoration of 

hypomineralised teeth: GIC, resin modified GIC (RMGIC) and resin composite (RC).  

Amalgam is not recommended as clinical studies have indicated a lower success rate 

compared to RC due to the need for additional tooth preparation to achieve 

mechanical retention, lack of adhesion and immediate marginal seal and reduced 

protection of remaining dental tissues.172,186,188  Glass ionomer cements have lower 

wear and fracture resistance than resin composite, therefore, they are acceptable as 

interim restorative options to stabilise the severely affected teeth until the definitive 

treatment plan is complete.8,32,160,195  Resin composites are considered the first choice 

for definitive intra-coronal restorations to restore DHL-affected teeth.106,171,172,195,226  

However, authors have reported conflicting findings with regard to RC behaviour on 

hypomineralised enamel.  The major clinical issues are the lack of adhesion to dental 

tissues and cohesive failure within remaining hypomineralised enamel.32,171,226  

Authors have tested different methods to improve the clinical success of RC.  In 

laboratory studies, pre-treatment with sodium hypochlorite (NaOCl) after etching 

increases RC bond strength to hypomineralised enamel, but other authors have refuted 

this theory, applying the NaOCl before etching with little effect.227,228  

In the case of incisors, aesthetic concerns are the main motivating factor for treatment, 

as PEB and sensitivity are not common characteristics of hypomineralised 

incisors.32,160,221  As the defects extend through the entire thickness of enamel micro-

abrasion techniques are not effective.106,221  Bleaching may improve the appearance of 

coloured defects, but it has little effect on the opacity, although it may lead to intra-

lesion protein breakdown, increasing the potential for mineral gain.221  Direct 

veneering has also been suggested to disguise DHL in incisors, particularly when it 

involves enamel reduction combined with an opaque layer.32,105,221  Wright (2002) 

illustrated a conservative technique named “etch-bleach-seal”, demonstrating ‘good’ 

results to manage enamel opacities, but this clinical study did not specify clearly the 

type of defects under investigation.229  

Severely affected molar teeth may need total or partial crown coverage.  Preformed 

metal crowns reduce sensitivity and provide protection to the remaining tooth 

structure.221  Cost-effectiveness and good longevity have been reported with the use 

of PFM in hypomineralised permanent molars, and no difference compared with cast 
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restorations with regard to success rate was determined.230  The “Hall Technique” or 

PFM placement with no tooth preparation has been suggested for hypomineralised 

molars,231 but there is no clinical proof of their longevity or potential influence on the 

occlusion.195  Some authors suggested their use exclusively in primary molars with 

enamel loss when GA is not available.2  Cast metal restorations (e.g. onlay and 

overlay) require less enamel reduction than full coverage crowns and do not affect 

periodontal health, as margins are located supra-gingivally.32  However, child 

behaviour can affect the result, as the technique is more sensitive, time-consuming 

and requires multiple appointments.  Indirect aesthetic restorations may cause 

problems in children, as pulps are large and gingival margins are immature.195 

Extraction and orthodontics 

The extraction of severely hypomineralised teeth may be considered as an appropriate 

treatment option and may prevent future dental complications.188  Less severely 

hypomineralised molars maybe considered for extraction as part of a comprehensive 

orthodontic treatment plan.  Molars that have been restored extensively and are 

endodontically compromised may be considered for extraction, instigating 

orthodontic consultation.232  This option should be evaluated in conjunction with an 

orthodontist and it has been recommended that extraction is performed in the late 

mixed dentition, before the eruption of the SPeM, when spontaneous closure may 

occur, especially in the maxillary arch.233  Early extractions may increase the risk for 

the second premolar to shift distally and impact against the second permanent 

molar.234  Appropriately timed extractions may decrease the long-term burden on 

affected children and their families, and reduce the costs of maintaining an 

extensively restored tooth with a poor long term prognosis.  

Prevalence 

A substantial amount of research has been conducted with regard to determination of 

the prevalence of DHL in different communities around the world.  The reported 

prevalence rates vary considerably and anecdotally appear to be increasing.  Initially, 

the body of research concentrated on the general detection of DDE, classified as 

demarcated opacities, diffuse opacities and hypoplasia, using the mDDE index or its 

previous versions.1,29,235  However, authors have highlighted limitations of this index: 
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a) the examination is a very time-consuming process, b) PEB that cannot be recorded 

or is confused with hypoplasia, c) DHL of increased severity are excluded (atypical 

carious lesions, atypical restorations, atypical extraction).  These restrictions result in 

an under-estimation of the real prevalence of DHL.13,31,174  These drawbacks led 

experts to develop specific judgement criteria for MIH lesions.  At the 6th Congress of 

the EAPD in 2003, a group of researchers agreed on and published the MIH 

evaluation criteria.158  The main advantages of this index are the classification of the 

defects relates to the period when a tooth erupts in the oral cavity, the eruption status 

has no influence on the prevalence and the index permits comparisons between 

studies.144,158,236  Despite the fact that this index was created to examine FPMs and 

PIs, subsequently it has been adapted and used for diagnosis of HSPM.3,39,41,207,237,238  

Apart from variations in the socio-cultural, genetic and environmental characteristics 

of the studied populations,13 the lack of severity grading and non-standardised 

examination protocols or sampling procedures have created discrepancies in the 

prevalence rates. This has complicated comparison between studies, despite the 

existence of the EAPD guidelines.13  To find a solution to these differences a 

standardised calibration and charting form was developed, along with various 

recommendations.13,14  For example, a) the age of participants should be 

approximately eight and five years old for MIH and HSPM, respectively, as the index 

teeth are likely to be fully erupted, and b) the minimum sample size required is 300 

participants for prevalence studies and 1000 subjects for aetiological factor 

determinations.  However, these methods need to be validated and explored in 

different populations. 

A summary of population-based studies investigating MIH and HSPM using the 

EAPD criteria and with a sample size larger than 300 subjects is illustrated in Table 

2.4.  The proportion of children affected with MIH ranged from 2.8% in Hong Kong 

to 37.3% in Denmark.9,161  The latter high value may be due to the inconsistent use of 

the methods, where some patients were excluded from the sample or because the 

authors reported demarcated opacities of different origin but systemic.13,161  An 

existing prevalence report of 40% from Brazil was not tabulated as there were fewer 

than 300 children (N = 249).10  This extreme prevalence value has been related to the 

diagnostic criteria used, where examiners recorded any lesions independent of size.  
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Most research has been conducted in European countries, 

44,104,109,123,144,161,175,179,181,197,213,217,218,239-242 but only a few European authors have 

documented HSPM or other phenotypically different presentations of DHL.3,5,38,41,182  

There are no published prevalence rates from the USA, and in the rest of the 

Americas, Brazilian groups are leading the research on this topic.  Similar MIH 

prevalence rates were reported (12.3% to 19.8%) across South American 

studies,111,148,176,243-246 with the exception of 6.6% in Argentinian/Uruguayan children 

examined in dental school clinics.247  Only one Brazilian study determined the 

presence of MIH-like defects in other teeth, including 1.2% of the children presenting 

with HSPM.177  African,236,248,249 Asian,178,214,250-252 and Middle Eastern165,253-255 

epidemiological studies also showed a wide variety of MIH prevalence rates, with a 

limited number of studies indicating the ubiquity of HSPM.39,207,215,237,238 

It is relevant to recognise the prevalence of DHL in Australia and Chile, as the 

samples selected by the present study derived from those countries.  For instance, in 

Australia, prevalence studies of DHL in primary and permanent dentitions are scarce.  

Most investigators have designed their methods for determining the occurrence of 

DDE in the population with indices that are not adequate to detect DHL of differing 

severity.  This approach has led to confusion mainly between the detection of 

hypoplastic defects and enamel breakdown due to hypomineralisation.  A study 

amongst schoolchildren in Western Australia has shown an overall prevalence of 22% 

of children affected by demarcated opacities in their FPMs and 6% of the sample 

presented ambiguous ‘demarcated opacities with enamel hypoplasia’ which could be 

related to teeth compromised by PEB.256  Another study from Sydney indicated a very 

extreme prevalence of 44% children affected with demarcated opacities.147  However, 

this comparative study used a small sample size (N = 25) derived from orthodontic 

practices, and was not representative.  In Queensland, Seow et al. have been 

investigating DDE in primary and permanent dentitions extensively over several 

years.  The authors reported that 15% of children presented enamel opacities in the 

primary dentition and 41% in the permanent dentition.43  Published studies from 

Melbourne have examined MIH-affected patients attending private paediatric dental 

practices aiming at determined risk factors and lesion characteristics, but not 

prevalence estimation.159,160  Theses on the prevalence of MIH and HSPM, using the 

EAPD criteria, have been conducted by postgraduate students at Melbourne Dental 
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School, UoM.  One study of patients aged 7 to 42 years old in orthodontic practices 

(N = 355) determined a general MIH prevalence of 24% with twelve atypical cases of 

participants diagnosed with hypomineralised lesions exclusively in SPeMs.46  This 

study determined a general prevalence of 27% of participants with DHL affecting 

FPMs and/or SPeMs.  Another study in early childhood education centres estimated 

an 18.5% prevalence of DHL in the primary dentition with 14.1% of the 3 to 5 year-

old children affected by HSPM.257  

On the other hand, only two studies have disseminated information about the 

prevalence and severity of MIH in Chile.  One study determined that 16.8% of 

children have MIH and the majority presented the most severe form (57%).245  The 

principal limitation was that the sample comprised children undertaking dental 

treatment at the dental school clinic of the University of La Frontera, Temuco.  

Children examined for routine dental check-ups may have higher prevalence that the 

general paediatric population, as affected children require more follow-up 

appointments.161  Recently, a group of experts from the University of Chile presented 

data collected in primary schools from Santiago, the capital city of Chile.  Results 

indicated a 12.7% prevalence of MIH in schoolchildren who also had an increased 

caries experience compared to non-affected children.216,258  Still, neither of these 

studies explored HSPM and the relationship between DHL and carious lesion 

severity. 

Despite being a widespread condition that has considerable economic and 

psychological repercussions, DHL remain a relevant but under-recognised public oral 

health problem in Australia and Chile.  
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Table 2.4. Prevalence studies on MIH/HSPM and caries experience  

Region Country  Year  Age  Sample Sample size Criteria MIH (%) HSPM (%) MIH/HSPM Caries experience Reference 

Africa Libya 2006 7-8 SCh 378 EAPD 2.9 NR NR NR Fteita et al. 

 Kenya 2008 6-8 SCh 3591 EAPD 13.7 NR NR NR Kemoli et al. 

 Nigeria 2015 8-10 SCh 469 EAPD 17.7 NR NR NR Oyedele et al. 

 Nigeria  2015 3-5 and 8-10 SCh 563 EAPD 9.7 4.6 34.8% of MIH 

had HSPM 

NR Temilola et al. 

Americas Argentina 2011 7-17  DS & PC 1098 EAPD 15.9 NR NR NR Biondi et al. 

 Brazil 2010 6-12 SCh  EAPD 19.8 NR NR DMFT > 0 in MIH vs No MIH 
OR ≈ 2.0  

Da Costa Silva et al.  

 Chile 2011 6-13 DS  334 EAPD 16.8 NR NR NR Jans et al.  

 Argentina and Uruguay 2012 7-17  DS  975 EAPD 6.56 NR NR NR Biondi et al.  

 Brazil 2012 6-12 SCh 903 EAPD 19.8 NR NR NR Souza et al. 

 Brazil 2013 7-12 SCh 1151 EAPD 12.3 NR NR  Souza et al. 

 Brazil 2013 6-12 SCh 1157 EAPD 12.3 NR NR DMFT > 0 in MIH vs No MIH 

OR = 3.23 

Jeremias et al. 

 Argentina/Uruguay 2014 7-17 DS & PC 1090/626  EAPD 16.1/12.3 NR NR NR Lopez et al.  

 Brazil 2015 11-14 SCh 594 EAPD 18.4 (other 
perm teeth 

affected) 

1.2 3.7% MIH had 
HSPM (X2 

p<0.001) 

DMFT MIH 2.0 vs No MIH 
1.2 (p<0.001) 

 

de Lima Mde D et al. 

Asia Hong-Kong 2008 11-14 SCh 2635 mEAPD 2.8 NR NR DMFT MIH 1.5 Cho et al. 

 India 2012 8-12 SCh 1366 EAPD 9.22 NR NR NR Parikh et al 

 India 2013 6-9 SCh 1792 mEAPD 6.31 NR NR NR Mittal et al. 

 India 2014 8-13 CC 1173 EAPD 9.5 (other 

perm teeth 

affected) 

N = 16 23.8% MIH had 

DHL in primary 

molars 

Caries in MIH molars (54.%) 

higher than No MIH molars 

(15.8%) 

Bhaskar and Hedge 

 Nepal 2014 7-12 SCh 749 EAPD 13.7 NR NR NR Shrestha et al. 

 Thailand 2014 6-7 CS 484 EAPD 20 NR NR DMFT MIH 0.6 vs No MIH 

0.1 (p<0.001). MIH molars 9.9 

OR for carious lesions vs. No 
MIH molars 

Pitiphat et al. 

 Singapore 2015 8 SCh 1083 EAPD 12.5 2.9 (n = 31) NR NR Ng et al. 

 India 2015 9-14 SCh 4989 EAPD 7.3 NR NR >50% of children with MIH 

had carious lesions 

Krishnan et al. 

 India 2015 6-8 SCh 978 EAPD 7.4 5.6 HSPM OR 7.8 for 

MIH 

NR Mittal et al. 

Only studies with more than 300 participants and using EAPD criteria were included. SCh schoolchildren, CC community clinics, DS dental school, PC private clinics, CS cohort study
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Table 2.4. Prevalence studies on MIH/HSPM and caries experience  (Cont’d) 

Region Country  Year  Age  Sample Sample 

size 

Criteria MIH (%) HSPM (%) MIH/HSPM Caries experience Reference 

Middle East Iraq 2011 7-9 SCh  823 mEAPD 18.6 NR NR NR Ghanim et al. 

 Jordan 2011 7-9 SCh 3241 EAPD 17.6 NR NR NR Zawaideh et al. 

 Iran 2012 7-9 SCh 433 DDE + EAPD 12.7 NR NR NR Ahmadi et al. 

 Iraq 2013 7-9 SCh 809 mEAPD NR 6.6 39% of HSPM 

had MIH 

ICDAS 4-6 HSPM vs No HSPM  OR =3.07 Ghanim et al. 

 Iran 2013 9-11 SCh 810 mEAPD 20.2 NR NR NR Ghanim et al. 

 Iraq 2013 9-11 SCh 445 mEAPD 34.2 MIH+HSPM NR MIH+HSPM vs. No MIH+HSPM dmft 4.82 vs. 
2.79 and DMFT 2.79 vs. 1.28 (p<0.001). 

MIH+HSPM associated with ICDAS II 

Ghanim et al. 

Europe Germany 2003 10-17 Sch 2408 mDDE+EAPD 5.6 NR NR No association Dietrich et al.  

 Lithuania 2007 7-9 SCh  1277 EAPD 9.7 NR NR NR Jasulaityte et al.  

 Germany 2007 6-12 SCh 1002 EAPD 5.9 NR NR DMFT MIH 0.79 vs No MIH 0.51 (p=0.009) Preusser et al.  

 Bosnia 2007 12 SCh 560 EAPD 12.3 NR NR DMFT MIH 3.54 vs No MIH 2.47 (p=0.001) Muratbegovic et al. 

 Netherlands 2008 5  CS 386 EAPD NR 4.9 NR NR Elfrink et al.  

 Netherlands 2008 9  CS 442 EAPD 14.3 NR NR NR Jasulaityte et al.  

 Bulgaria 2008 7-14 SCh 2960 EAPD 3.6 NR NR NR Kukleva et al.  

 Greece 2008 5-12 CC 3518 EAPD 10.2 NR NR NR Lygidakis et al. 

 Denmark 2008 7-14 CC 647 EAPD 37.3 NR NR NR Wogelius et al  

 Netherlands 2010 5  CS 386 EAPD NR 4.9 NR Caries (yes) HSPM vs. No HSPM OR 3.2 Elfrink et al. 

 Italy 2012 4-15  1500 EAPD 7.3 NR NR NR Condo et al. 

 Netherlands 2012 5-6 CS 6161 EAPD 8.7 9.0 OR 4.4 NR Elfrink et al. 

 Spain 2012 6-14 DS 505 EAPD 17.85 NR NR NR Martinez-Gomez et al. 

 Spain 2013 8  SCh 840 EAPD 21.8 NR NR DMFT MIH 0.5 vs No MIH 0.24 (p<0.05) Garcia-Margarit et al. 

 Germany 2013 10  CS 693 EAPD 14.7 NR NR No association Heitmüller et al. 

 Slovenia 2013 5-11.5 SCh 558 mDDE+EAPD 21.4 NR NR DMFT MIH 0.95 vs No MIH 0.66 (p=0.02) Grošelj et al. 

 Germany 2013 10  CS 1126 EAPD 13.7 NR NR NR Kohlboeck et al. 

            

 Germany 2013 8  SCh 
 

2395 EAPD 10.1 1.2 (n= 29) r=0.33, p<0.001 DMFT MIH 0.2 vs No MIH 0.01(p=0.001), dmft 
MIH 2.0 vs No MIH 1.5 (p<0.001) 

Petrou et al. 

 Turkey 2013 7-12 SCh 4049 EAPD 7.7 NR NR NR Sonmez et al. 

 Germany 2014 10 CS 693 EAPD 14.7 MIH (other 

perm teeth 
affected) 

4.0 DHL in PriDent 

had increased 
DHL in PDent 

NR Kühnisch et al 

 Finland 2014 7-13 SCh 818 EAPD 17.1 NR NR NR Wuollet et al. 

 Norway 2015 15-17 SCh 794 EAPD 13.9 (other perm 

teeth affected) 

NR NR No association Schmalfuss et al. 

 Greece 2016 8-14 SCh 2335 EAPD 21.3 NR NR 37% (at 8yo) and 58.4% (at 14 yo) of MIH 
children had dental caries in FPMs  

Kosma et al. 

Only studies with more than 300 participants and using EAPD criteria were included. SCh schoolchildren, CC community clinics, DS dental school, PC private clinics,  CS cohort study, PriDent primary dentition, 

PDent permanent dentition.
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MIH and HSPM 

Any primary or permanent tooth may be affected by DHL.42,43  Weerhejim et al. 

(2003) reported that ‘MIH-like’ defects could also be found in SPeMs, canines and 

SPMs.158  The investigation of DHL in the primary dentition has been on a minor 

scale compared with permanent teeth.  In general, the majority of the researchers have 

applied the mDDE index to identify demarcated opacities, without determining the 

presence of PEB or specifying the type of teeth affected, along with expressing a 

broad range of prevalence rates.199,259-263  Some confusion exists between the 

diagnosis of PEB and hypoplasia,32,157 and the latter has been the main focus of 

prevalence studies in primary teeth as it has been linked to severe early childhood 

caries (ECC).200,201  The use of non-standardised examination methods are related to 

discrepancies as mentioned above,207 which may result in an inexact prevalence 

determination of DHL in the primary dentition.   

Nevertheless, previous studies have corroborated that SPMs are the most frequent 

primary teeth affected by DHL.201,260,263  Recent investigations have updated the 

diagnostic criteria in the EAPD charting and determined that the prevalence of HSPM 

varies from 1.2% in Germany to 9.0% in the Netherlands.3,5,39,41,182,207,237,238   An 

unpublished study in Melbourne, Australia determined a 14% prevalence of HSPM in 

pre-schoolers.257  Some authors have referred to similar contributory factors that may 

affect enamel mineralisation causing MIH and HSPM, as the maturation stage of 

FPMs, PIs and SPMs occurs during an over-lapping time-frame.3,207  

The eruption into the oral cavity of SPMs is approximately four years prior to the 

FPMs, thus the presence of HSPM could be used as a risk predictor for developing 

DHL in FPMs later in life.3,39,207  Only a few studies have tested the concomitance of 

MIH and HSPM, and results have been contradictory.  For example, Elfrink et al. 

(2012) determined that children with HSPM have 4.4 x increased odds for presenting 

MIH compared with those children with unaffected primary molars.  This risk 

increased when greater numbers of SPMs were affected, but the number of children 

with one or more HSPM was very small.3  In an Indian population sample, similar 

results were reported, and the presence of HSPM significantly increased the 

likelihood for MIH (OR = 7.8).  This association was only significant for those 

children presenting two or more HSPM,39 also suggesting that when a higher number 
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of SPMs had hypomineralisation present, there is a greater likelihood of having MIH 

in the future.  On the other hand, children from Iraq and Nigeria had a high 

comorbidity of MIH/HSPM, this being 39.6% and 34.8%, respectively.207,237  In the 

Iraqi study, this association lacked statistical significance, probably due to the small 

sample size or the age selection of the participants (i.e. seven to nine years old).207  A 

prospective study in Brazil, including a small sample of 134 children, reported that 

after two years of follow-ups only 5.22% (N = 7) of the sample presented with HSPM 

and MIH concomitantly and this relationship was not statistically significant due to 

the study being underpowered.264 

The clinical consequences of MIH, such as increased sensitivity, PEB and carious 

lesion development, can be present in HSPM.38,265  However, there is little evidence 

implicating HSPM of increased severity as a caries-risk factor for the primary 

dentition.  From the studies mentioned above, only two have documented some 

association with dental caries experience.  Elfrink et al. (2010) reported differences in 

dmft values between SPMs and FPMs due to the presence of hypomineralised 

enamel; however, only DHL in SPMs was recorded.38  Ghanim et al. (2012) related 

HSPM increased severity with higher ICDAS codes, but DHL in other primary teeth 

or the general oral health status of the examined children was undetermined.207  Seow 

et al. (2016) reported that SPMs affected by hypoplastic lesions adjacent to YB 

opacities were at high risk of developing carious lesions, but the authors did not 

mention HSPM as a clinical entity.201  

Dental community awareness 

Global knowledge regarding DHL, particularly MIH, has been restricted to the 

paediatric dentistry context for a long time.  Most laboratory findings regarding 

protein content, MD, microscopic appearance and physical properties of DHL have 

been published in high impact factor journals, but they lack descriptions of the 

clinical applicability of the results.46  Relevant information has been delivered 

through congresses and journals affiliated with paediatric dentistry societies.46  

However, most of the time OHCPs (e.g. general dental practitioners - GDPs, oral 

health therapists, dental nurses) are in primary contact with paediatric patients or have 

to treat patients with severely affected teeth, presenting hypersensitivity or vast areas 

of enamel breakdown owing to DHL.  
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Despite the fact that the amount of research concerning DHL has increased greatly 

over the past decade, OHCPs still have limited understanding of the aetiology or 

appropriated management of hypomineralised teeth.  The perception of Malaysian 

general dental practitioners (GDPs) was evaluated, and the majority of respondents 

believed that fluoride is a potential cause of these defects.189  Norwegian general 

dentists appeared to be avoiding invasive treatment options such as extractions and 

total removal of hypomineralised dental tissue was preferred by very few GDPs.266  

The majority of the practitioners in both studies selected GIC as the most frequently 

used restorative material, which is considered widely as an interim treatment option as 

it does not have sufficient mechanical properties and must only be placed until the 

definitive treatment is planned.32  Still, neither of these studies questioned the 

participants whether their preferences were preventive/temporary or definitive.  

Evidence shows that not only OHCPs but also final year dental students reported 

limited knowledge regarding DHL, particularly regarding clinical management, as 

their clinical experience may be limited.267  

On the other hand, dental professionals with interest in paediatric dentistry considered 

MIH as a relevant clinical problem, but were still unsure about the prevalence in their 

communities, suggesting the need for more epidemiological studies of local 

populations (Table 2.5).15-17  Most importantly, a significant number of dental 

professionals perceived that the prevalence of MIH is increasing.15,16,189,204,268  This 

hypothesis is hard to corroborate due to limitations in epidemiological studies and 

lack of prospective research.  

Another barrier to awareness is the limited delivery of accurate updated information 

across the dental community.  Dissemination of information amongst dental 

professionals has been limited to MIH evidence, with little attention on the impact of 

DHL on the caries experience and involvement of other permanent or primary teeth.46  

Many dental professionals have reported that they are neither aware of the prevalence 

of MIH in their populations nor receiving enough information about DHL, requiring 

further training in the aetiological, diagnostic and therapeutic areas.189,204  Few studies 

have determined the level of recognition of DHL in the primary dentition amongst 

dental professionals, with practitioners reporting its occurrence with a lower 

frequency compared to FPMs.189,204  Information and education on DHL should be 

discussed similarly across all oral health professionals,46 especially amongst OHCPs 
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working in the public sector who may initially diagnose children affected this 

condition.  This information should be also extended to the consumer/community.  An 

increased awareness of the community will lead to early attendance for dental 

examination and early management of DHL-affected teeth before PEB occurs or 

ensuring timely extraction of severely affected teeth. 
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Table 2.5. Comparison of results amongst previous studies on the dental professionals' perspectives. 

Authors Year Country/continent 
Sample and 

participants 

Are you 

familiar with 

MIH? 

Estimated 

prevalence 

of MIH 

Would you 

like to know 

more about 

the 

prevalence? 

Do you think 

MIH is a 

clinical 

problem? 

Preferred 

treatment option 

Clinical 

barriers for 

treatment 

Patients 

referral to 

specialist 

Are you receiving 

information about 

MIH or MIH 

prevalence? 

Weerheijm 

and Mejare 

2003 Europe EAPD 

members  

(N = 54) 

97% 3.6-25% 90% 83% N/R NR NR Yes = 23% 

Crombie et 

al. 

2008 Australia and New 

Zealand 

ANZSPD 

members  

(N = 130) 

98.5% 5-25% 96.9% 96.9% GIC = 81.7% NR NR Yes = 16.9% 

Biondi and 

Cortese 

2009 South America Paediatric 

dentists 
universities  

(N = 31) 

93.5% N/R 80.6% 58.6% N/R NR NR Yes =12.9% 

Ghanim et 
al. 

2011 Iraq Academic 
dental 

professionals 

(N = 146) 

81.2% 6.3-17.2% N/R N/R N/R NR NR N/R 

Bagheri et 

al. 

2013 Iran Academic 

dental 

professionals 
(N = 84) 

85.7% < 10% N/R N/R RC = 61.9% NR NR N/R 

Hussein et 

al. 

2014 Malaysia GDPs and DN  

from a 

conference  

(N = 131) 

GDP =82.5% 

DN=82.4% 

< 10% N/R GDPs=85.6% 

DN=100% 

GDPs = GIC 

(72.2%) 

DN = GIC (79.4) 

 GDPs = 

Child 

behaviour 

(95.9%) 

DN = 
Insufficient 

training 

(100%) 

GDPs = Yes 

(57.9%) 

DN = Yes (8.2) 

GDPs = Yes (7%) 

DN = Yes (22.5%) 

Kopperud 

et al. 

2016 Norway GDPs public 

sector  

(N = 606) 

NR NR NR NR Mild MIH = 

fluoride varnish 

(54%) 
Severe MIH = GIC 

(58%) 

Only soft tissue 
removal (43.8) 

Patient more 

anxious  = 

48.2% 
Difficult to 

achieve LA = 

56.8% 

Yes  = 27.8% 

if possible = 

59.6% 

NR 

Silva et al. 2016 Saudi Arabia GDPs society 

(N = 91) and 
students (N = 

149) 

GDPs = 76.9% 

students = 36% 

GDPs = 5-

10% 

GDPs = 70.3% GDPs = 60.4% GDPs = RC (68.7), 

GIC (66.1) 
Students = RC and 

GIC (11.4) 

 

GDPs = 

Child 
behaviour 

(74.3%) 

NR GDPs = 40.5% 

Students = 36% 

EAPD, European Academy of Paediatric Dentistry. ANZSPD, Australian/New Zealand Societies of Paediatric Dentistry. GDPs, General Dental Practitioners. DN, Dental nurses. RC, Resin Composite. GIC, Glass 

Ionomer Cement. MIH Molar Incisor Hypomineralisation. NR, Not Reported 
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Diagnosis and detection of DHL 

Although the terms diagnosis and detection are usually used as synonyms, their 

clinical meaning is different.  Detection provides an objective method for determining 

whether the lesion is present or not.  Subsequently, the detected lesion can be 

longitudinally assessed or measured.269  Diagnosis involves a far more complicated 

iterative process of estimation of symptoms, risk assessment, related risk factors, 

severity and treatment needs.168,269,270 

Diagnosis of MIH/HSPM has been based on EAPD terminology.158  In general, the 

presence of white/yellow/brow intact demarcated opacities, atypical restorations, 

atypical extractions and PEB are considered clinical manifestations of DHL.  

Available evidence has demonstrated that any tooth can be affected by 

hypomineralised defects,10,43-46 hence these diagnostic criteria need to be expanded to 

the permanent and primary dentitions.14  

Clinical visual inspection is the most common method for detection of enamel 

defects; however, other clinical auxiliary detection and quantification methods have 

been incorporated into research, for instance, trans-illumination, optical coherence 

tomography, photographic techniques and fluorescence.19  

Trans-illumination  

Trans-illumination is based on the concept that less light is conducted through 

demineralised enamel.271  Using trans-illumination as a detection method, a group of 

experts in Spain determined a prevalence of 17.8% for MIH.240  This is the only 

study, to date, that has used such an approach for the detection of hypomineralised 

enamel.  However, this investigation did not specify any results about the reliability of 

this technique compared with visual clinical examination.  

Optical coherence tomography 

Optical coherence tomography (OCT) operates with a near-infrared light source to 

detect biological structures located in the first two to three millimetres of soft and 

hard tissues.272  This method may have the capacity of assessing DHL prognosis 

avoiding radiation exposure.  One research group used this detection method in order 

to determine the extent of the DHL.273  Findings showed that this method was feasible 
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to visualise the enamel structure in high resolution and was comparable to 

microscopic analysis.  Additionally, the depth and the boundaries of different types of 

lesions could also be determined using scattering profiles.  Despite the benefits 

provided by these methods, OCT utility in clinical dental practice is still speculative. 

Intra-oral photography 

Dental photography is considered a useful alternative to visual inspection for 

detecting enamel defects.19  The digital era, starting in 1981, computerised this 

process and also incorporated intra-oral photographic and video cameras.  Clinically, 

these cameras may be used for real-time evaluation and prospective treatment 

assessment.274   Before the digital imaging era, several authors reported that the 

prevalence of DDE using the photographic methods was higher than that recorded 

with visual clinical examination and also a good level of agreement between these 

methods was found.275-278  These results were attributable to the ability to magnify the 

photographs on the screen and standardisation of the photographic techniques.  

Nowadays, digital images of the dentition can be captured with digital single-lens 

reflex (D-SLR) or intraoral cameras.  The latter has the advantage of being used when 

the mouth opening is narrow, which can be especially useful for conducting studies in 

children or infants.37  Digital images are quick, cost-effective and can be reviewed, 

magnified or re-captured many times.279  At present, only a few studies have explored 

the sensitivity, specificity and reliability in DDE detection with conflicting 

results.37,279,280  In a sample of Iranian children, photographic techniques based on a 

D-SLR camera demonstrated appropriate detection of all DDE and specifically 

hypoplastic enamel defects; however, there was only moderate agreement with the 

clinical examination as this photographic approach identified significantly more 

children and teeth affected with DDE than visual inspection.279  Other authors who 

used a D-SLR camera for assessing DDE in infants reported similar results, yet there 

was a fair agreement between methods for detecting enamel opacities.280  In both 

studies the inter- and intra-examiner agreements were almost perfect for digital 

photography.279,280  Only one study from the Netherlands has investigated the 

utilisation of intra-oral cameras in detecting carious lesions and DHL in the primary 

dentition using the EAPD criteria in a convenience sample of 62 children.37  This 

study described substantial and almost perfect kappa values.  However, when DHL 

were separated into EAPD categories the sensitivity significantly decreased, in 
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particular for PEB, atypical restorations and opacities, with fair inter-examiner 

agreements.  Authors mentioned that changes in colour tone might explain the low 

kappa values, especially because the detection of tooth-coloured restorations was 

complicated, thus, the authors supported intra-oral photography as a reliable tool for 

epidemiological studies.37  Subsequently, apart from these conflicting results, these 

authors applied intra-oral photography to conduct a set of prospective epidemiological 

studies on risk factors associated with HSPM.3,119,120 

Image analysis has been particularly advantageous in caries research, detecting early 

carious lesion behaviour.281-284  Similarly, images can be exported for ‘distant’ 

analysis of severity and progression of DHL, as in the field of paediatric teledentistry, 

where severely affected patients residing in rural/remote areas may require specialist 

consultation to plan their definitive treatment.285 

Fluorescence 

Similar to carious lesions, the increased scattering of light due to micro-structural 

transformations of hypomineralised enamel and its adjacent dentine appears visually 

as demarcated opacities in the enamel, with colours ranging from bright white to dark 

brown.286  This optical property could also be assessed and quantified with modern 

clinical detection methods such as optical fluorescence, whose properties have been 

explored in carious enamel historically, particularly in the quantification of WSL.  

The utility of fluorescence could be extended from carious lesions to hypomineralised 

enamel defects. 

The enamel auto-fluorescence mechanism has been known for a long time.287  

Fundamentally, fluorescence is based on the presence of chromophores in the dental 

tissues causing auto-fluorescence, which can be quantified, measured and compared 

between demineralised and sound enamel.288  However, the exact nature of these 

chromophores and fluorescence has not been comprehensively described in the 

literature.20,289  

Fluorescence is the optical property of an object demonstrating the interaction of 

absorbing light in certain wavelengths and scattering back the light at higher 

wavelengths and different colours.286,290,291  The fluorescence of a tooth appears to 

originate from the dentine and the DEJ, as when dentine is removed from the enamel, 

the fluorescence disappears.291,292  Demineralisation or changes in the enamel 
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structure result in a deficit of natural auto-fluorescence.289  The potential reasons for 

this reduction in fluorescence have been described as: 

1. The demineralised lesions act as a barrier for the light to reach the DEJ or 

subjacent dentine, and they are an obstruction for the fluorescence light in the 

opposite direction.20,281  This is the most accepted theory for fluorescence 

changes.  

2. The light scattering in the lesion causes the light path to be much shorter than 

the sound enamel.20,290,291  

3. Fluorescence is suppressed by changes in the molecular composition of the 

enamel.  For instance, increased porosity (occupied by water) or bacterial 

metabolites scatter the light in or out of the tooth surface.20,286,290 

4. Potential chromophores are reduced due to the demineralisation processes.20 

 

Three types of fluorescence have been described in dental tissues:20 

• Green fluorescence: this fluorescence can be detected when the enamel is 

illuminated with violet-blue light (290 - 450 nm wavelengths) (Figure 2.3).286  

Green fluorescence loss could be a surrogate measurement for mineral loss, as 

the green fluorescence decreases when a demineralised region is located on 

the tooth surface.20  

 

 

 

 

 

 

 

Figure 2.3. Green fluorescence representative illustration in E) enamel and D) 

dentine. (a) In healthy tissue, the blue light enters the tooth and scatters in enamel and 

fluoresces green at the dentine and DEJ. Where there is a lesion in the enamel (b) 

fluorescence light will scatter back at the lesion, or (c) blue light spreads and will not 

reach the DEJ. The effects (a) and (b) result in a reduction of green fluorescence 

(http://www.inspektor.nl/index.php/evidence/background/).293 

(a) 

(b) 

(c) 
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• Visible red fluorescence:  this type of fluorescence can be observed when a 

violet illumination light (405 nm) detects the presence of dental biofilm, 

mainly characterised by anaerobic species of increased cariogenicity (Figure 

2.4).294-296  Red fluorescence can also be seen in sub-surface dentinal carious 

lesions.297  

 

 

 

 

 

 

 

 

Figure 2.4. Visible red fluorescence representative illustration in E) enamel and D) 

dentine. (a) In healthy tissue, the blue light enters the tooth and scatters in enamel and 

fluoresces green at the dentine and DEJ.  Where there are (b) bacterial residuals 

within the enamel or (c) plaque deposits, the blue light will scatter back at visibly 

bright red fluorescence (http://www.inspektor.nl/index.php/evidence/background/).293 

 

• Invisible fluorescence or infrared fluorescence: when the surface is 

illuminated with a red laser light (655 nm wavelength), bacterial residuals or 

products may produce infrared fluorescence.286,289,290  This type of 

fluorescence has been the only one tested in DHL.80,81  

 

Several fluorescence technologies have been incorporated into dental research, in 

particular in cariology field investigations.  Nevertheless, the present review is 

focused on laser-induced fluorescence (DIAGNOdentTM) and technologies that 

combine photographic cameras and light-induced fluorescence systems (e.g. QLFTM 

and SOPROlife®).  The latter may represent a window of opportunity to quantify 

mineral changes in vivo adding all the other applications found in the use of intra-oral 

images. 

(a) 

(b) 

(c) 
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Fluorescence technologies 

Laser-induced fluorescence 

A laser-induced fluorescence evaluator DIAGNOdentTM (KaVo, Biberach, Germany) 

was introduced in 1998 and constructed to provide a more sensitive detection method 

for ‘hidden’ carious lesions beneath an apparently sound enamel surface, not visible 

with clinical examination or radiographs.298  Early investigations on fluorescence of 

dental tissues were concentrated in the visible fluorescence (488 nm), as no 

fluorescence was visible at red or infrared excitation.298,299  Later, it was demonstrated 

that in the > 645 nm spectrum, carious lesions presented a stronger fluorescence than 

healthy dental tissues.298  Using these principles, the DIAGNOdentTM consists of a 

laser diode providing a light of 655 nm, which is transmitted to the tooth via an 

optical fibre.  This device does not provide images of the analysed teeth, but it shows 

the quantitative information in LED displays.300  The instrument is calibrated against 

a ceramic disc or healthy enamel structure prior to use.301,302  Fluorescence emitted by 

bacterial porphyrins, bacterial deposits or metabolites passes along the return line in 

the optical fibre to a photodiode that quantifies the fluorescence between the sound 

enamel and the carious lesion with values ranging from 0 to 99.291,298  Cut-off points 

have been reported to determine the size of a carious lesion.  For instance, scores of 1 

to 10 can be considered as healthy, and scores over 30 might characterise established 

carious lesions.291 

The performance of this device has been investigated in in vivo and in vitro 

studies.289,303  Highly variable values for sensitivity and specificity have been reported 

for DIAGNOdentTM.290,303,304  Many researchers have identified confounding factors 

that influence the laser-induced fluorescence readings.  For instance, they have 

questioned the validity of DIAGNOdentTM in monitoring lesion progression, as the 

system misinterprets carious lesions of increased severity when remineralised lesions 

typically develop a darker colour.291  The examination requires clean and dry surfaces 

for analysis, as plaque and storage medium for in vitro samples increased the 

quantified scores, leading to false positives (i.e. detection of carious lesion when there 

is sound enamel).305-308  

Similar characteristics of DHL have been described in young immature enamel, such 

as increased porosity and decreased mineral content that could influence the 
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fluorescence pattern.301,307  Nevertheless, fluorescence scores were higher amongst 

hypomineralised lesions compared to normal enamel, which has been mainly 

attributable to the matrix proteins.81  It has also been hypothesised that altered enamel 

microstructure and intrinsic staining of hypomineralised lesions may increase the 

fluorescence values.81  Braga et al. (2010) reported that, in general, DDE had higher 

fluorescence values than normal enamel, but these values have been higher for enamel 

hypoplasia than enamel opacities, as the plaque accumulation in hypoplastic areas 

tends to obtain higher values than opacities, which could lead to false positive 

values.309  One study in hypomineralised lesions had a marked correlation between 

MD and DHL severity, with highly variable scores determined by the 

DIAGNOdentTM readings for each lesion classification.80   

Quantitative light-induced fluorescence (QLF)  

Quantitative light-induced fluorescence technology has been used widely in 

cariology, with the particular objective of screening regression and progression of 

carious lesions.310-312 

The original version of QLF was an optical fibre that guided a blue light at 488 nm 

emitted by an Argon laser.20  The principle of QLFTM was introduced in 1995, 

consisting of a blue non-invasive light (370 nm, maximum 405 nm), which was 

filtered by an optical bandpass filter (520 nm, Philips B.V., Eindhoven, the 

Netherlands) and guided to the tooth by a dental mirror.299  This same dental mirror 

reflected the produced fluorescence, and the images of the tooth were captured by a 

charge coupled device (CCD) micro-camera and transferred to a computer with a 

specific software program for fluorescence loss calculations (Inspektor Pro; Inspektor 

Research Systems B.V., Amsterdam, the Netherlands).20,313  

An improved version of this QLF technology was developed in 2010 exchanging the 

hardware and software of Inspektor Pro.  This quantitative light-induced fluorescence 

- digital (QLF-D) consists of a BiluminatorTM tube mounted on a D-SLR camera fitted 

with a macro lens.  The tube provides the light source and filters to capture white light 

and fluorescence photographs almost instantly.  Fluorescence is induced with a 

narrow-band violet light of 405 nm wavelength acquired by a modified filter set 

(D007, Inspektor Research Systems B.V., Amsterdam, the Netherlands).  A wire 

connection to a computer or laptop is required for storage, and to retrieve and analyse 
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the images with the Q-Ray and QA2 analysis software programs (Inspektor Research 

Systems B.V., Amsterdam, the Netherlands) (Figure 2.5).  This device detects and 

quantifies red fluorescence more clearly than past versions.294  

 

 

 

 

 

 

 

Figure 2.5. The QLF-D,  (A) full-sensor SLR camera (Canon 550D) equipped with an 

illumination tube with white and blue light-emitting diodes surrounding the lens 

opening (B) (Lee et al, 2013).294 

 

For detection of carious lesions, Tranaeus et al. (2002) tested the repeatability and 

reliability of QLFTM in an in vivo study, reporting intra-class correlations coefficients 

over than 0.93.314  Good inter- and intra-examiner reliability has also been reported, 

and the same with sensitivity and specificity.315-319  Quantitative light-induced 

fluorescence also detects an increased number of uncavitated lesions and smaller 

carious lesions in occlusal surfaces compared to visual examination.320  Nevertheless, 

many confounding factors interfere with the fluorescence techniques, for instance, 

saliva contamination, plaque, ambient light, anatomical characteristics, inflamed 

gingival tissue and enamel defects.315,319,321,322  Enamel defects have mostly been 

excluded from the studies related to enamel auto-fluorescence because they display a 

similar appearance to carious lesions.320  A few studies reported fluorescence loss in 

fluorotic incisors with a high influence of confounding factors, such as enamel 

fractures, restorations and extrinsic stains.21,323  

Time-consuming techniques for image capturing and analysis and the high cost of 

equipment are limitations of the QLFTM methods.  At present, this method should not 

be used as an independent diagnostic tool; although it may be used as an additional 

aid to visual clinical examination.318,320  
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SOPROlife® light-induced fluorescence evaluator 

The SOPROlife® (Acteon Group, Le Ciotat, France) is another light-induced 

fluorescence device which comprises an intraoral camera and the source of light in 

one single instrument (Figure 2.6).  This apparatus emits blue light (450 nm 

wavelength with a bandwidth of 20 nm, centred at ± 10 nm around the excitation 

wavelength) and also provides anatomical pictures superimposed on the fluorescence 

images.324-327  This camera uses two groups of LEDs that illuminate the tooth surface 

in white light or blue and it is equipped with an image sensor (a 0.25 inch, CCD 

sensor).325,327  The collected pictures can be saved, retrieved and compared with a 

computer using the SOPROimaging® software program.302,327  A more recent version 

of the camera, SOPROcare®, incorporates a periodontal mode determining gingival 

inflammation.302  The utility of SOPROlife® is that it can detect differences in density, 

structure and chemical composition of dental tissues by changing from one frequency 

band to another.302 

 

 

 

 

Figure 2.6. SOPROlife® intra-oral camera 

 

The camera captures images in three modes: white light mode, diagnostic mode 

(Mode I) and treatment mode (Mode II) and provides magnification up to 50 times.325  

White light mode is the anatomical registration of the tooth using four white light 

LEDs.  Mode I and II utilise the four blue LEDs, although they differ based on the 

CCD settings.  Mode II has been created to improve the visualisation of red 

fluorescence.327  The blue light illuminates across enamel thickness and stimulates the 

green fluorescence coming back from dentine and DEJ.290  The green fluorescence is 

indicative of healthy enamel, whereas carious enamel produces a discrepancy in the 

auto-fluorescence as dark green areas.302,324  Red fluorescence may represent infected 

dentine or organic materials associated with the tooth surface.324,325  This device is 

linked to the light-induced fluorescence evaluator for diagnosis and treatment 

(LIFEDT) concept.325,328  This concept has four essential principles:302 
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1. The tooth under examination must be clean. 

2. The tooth can be visualised in white light and fluorescence mode with high 

magnification. 

3. Any variation in the light scattering of healthy enamel compared to altered 

tissues can be noticed. 

4.  Although the system does not provide quantitative information, it aids the 

visual examination and clinical decisions. 

The available evidence for SOPROlife® and the LIFEDT concept is mainly 

exploratory in the field of cariology.324,325,327-329  Two in vivo studies have reported 

the utility of this device in the clinical setting.290,326  The reported sensitivity and 

specificity of blue light mode were 0.95 and 0.55, respectively.290  More recently, 

Zeitounity et al. (2014) stated higher sensitivity (0.93) and specificity (0.88), along 

with a high intra-class correlation reproducibility (0.98) when compared with visual 

examination of ICDAS II scoring system.326 

Developmental enamel defects are confounding factors when using SOPROlife®, 

leading to false positives when detecting carious lesions.  Only one in vitro study 

tested this camera on developmentally defective teeth.  The findings indicated that 

there was no variation in the fluorescence colour emitted by hypoplastic enamel 

compared to normal enamel, which is not surprising, as in most cases, hypoplastic 

enamel has normal MD and opacity.330 

Study rationale 

The study of DHL structural and clinical characteristics remains a relevant research 

topic because the aetiology is unclear and primary prevention is not feasible at this 

time.  Therefore, a better understanding of these features will improve early diagnosis 

and management of the lesions.  New clinical diagnostic methods may be used to 

facilitate data collection in community-based research studies and to further explore 

the clinical appearance of DHL, such as light-induced fluorescence and digital 

photography.  The validation of alternative clinical diagnostic tools that combine 

these two technologies could assist with detection and diagnosis of DHL and may also 

have new implications for clinical research, where interventions may be applied and 

assessed in vivo.  For example, fluorescence change may be validated against 

reference standard techniques used for MD determination, such as micro-computed 
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tomography (Micro-CT).  Subsequently, changes in fluorescence may be used as a 

surrogate measure for MD variation, and may be useful to monitor the mineral 

content over time in a quantitative manner.283,312  The present literature review 

searched evidence on auxiliary clinical diagnostic methods based on fluorescence 

(e.g. QLF-DTM and SOPROlife®) that could improve the diagnostic capacity and 

increase the understanding of the clinical behaviour of hypomineralised lesions.  

Fluorescence technology has the ability to quantify mineral changes and has been 

largely used in the dental clinical setting.  Therefore, it is of interest to assess the 

applicability of this technology to detect and quantify DHL.  

As stated, the prevalence of DHL varies widely across nations.15  However, numerous 

prevalence reports have based their protocol on the criteria developed by the 

European Academy of Paediatric Dentistry (EAPD),158 which initially included FPMs 

and PIs as index teeth, subsequently expanded to include SPMs.  As there is evidence 

of enamel hypomineralisation in other teeth,5,43,158 prior protocols have potential 

limitations, and the exploration of the full permanent and primary dentitions in a 

sample with a larger age range may give more insight into the prevalence of DHL and 

the relationship between MIH and HSPM.  A novel index that amalgamates the 

mDDE and the EAPD criteria has been published recently.  This EAPD + mDDE 

index involves a detailed examination for DHL including atypical carious lesions as a 

separate entity, which will minimise the confusion between carious lesions and 

PEB.14  The use of this standardised index has the potential to improve understanding 

of the extent and severity of DHL in all teeth.  Descriptive information of the lesions 

in epidemiological studies is relevant to report, as darker enamel opacities are more 

likely to progress to PEB, increasing their symptomatology over time.170  Therefore, 

early identification of DHL with higher risk of PEB can reduce the burden of this 

condition and associated treatment costs by implementing preventive and reparative 

strategies in conjunction with informing public services about the magnitude of this 

oral health problem amongst schoolchildren.160 

Demarcated hypomineralised lesions of enamel are an under-recognised caries-risk 

factor, and a detailed understanding of this association is required.  The relationship 

between caries experience and MIH occurrence has been demonstrated by 

many,18,176,178,182 but the extent of the impact of DHL upon dental caries severity is 

still not entirely clear.  Several epidemiological studies have focused on MIH 
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prevalence, its clinical characteristics, and associated aetiological factors; however, 

the exploration of the DHL in other teeth and their relationship with dental caries has 

remained under-investigated.  Currently used diagnostic criteria are limited and 

carious lesion progression and consequences in conjunction with DHL clinical 

characteristics are necessary to be reported.  Thus, the validation of standardised new 

diagnostic criteria and a comprehensive analysis of dental caries owing to DHL in 

different communities appear to be of interest for future epidemiological studies.  For 

example, determination of DHL severity and carious lesion progression according to 

the International Caries Detection and Assessment System (ICDAS II) and the 

PUFA/pufa index will help to establish the full magnitude of this relationship.  To 

investigate the association between DHL and dental caries prevalence/experience and 

to determine if caries-risk influences the clinical manifestations of DHL, the present 

clinical study adopted an international approach, including communities with 

different caries experience.  Schoolchildren from Melbourne, Australia and Talca, 

Chile were invited to participate in the present clinical survey.  The selection of 

communities was mainly influenced by the reported dmft (i.e. Melbourne dmft = 1.7 

teeth in 5 - 6 year old children versus Talca dmft = 4.6 teeth in 6 year-old 

children).331,332  Moreover, funding from the Chilean government, The University of 

Talca (Utal) and UoM was available to conduct the present epidemiological study.  

Limited DHL epidemiological evidence from the Australian and Chilean communities 

is available.  Australian studies from Western Australia, New South Wales and 

Queensland have collected data using the mDDE index presenting confusing 

terminology and diagnosis.  In Sydney and Melbourne, reports of MIH from private 

dental clinics should be interpreted with caution, as studies were mainly designed to 

evaluate the clinical management and characteristics of the defects, presenting high 

prevalence rates because children were under specialist dental care.46,147,159,160  A 

recent unpublished study demonstrated a HSPM prevalence of 14% amongst 3 to 5 

year-old low caries-risk pre-schoolers in urban Melbourne.257  In Chile, the 

prevalence of DHL is largely undetermined.  MIH prevalence rates of 16.8% in 

patients receiving dental care at the dental school clinic of the University of La 

Frontera in Temuco and 12.7% of amongst schoolchildren in Santiago have been 

reported.216,245  Oral health authorities in both countries have made considerable 

efforts to develop preventive strategies to improve children’s general oral health, 
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although, little attention has been given to DHL and their relationship with the dental 

caries prevalence.333,334  Therefore, it is valuable to provide updated local 

epidemiological data about the broad spectrum of DHL and the detailed relationship 

with dental caries to increase awareness in order to achieve better oral health for 

children in Australia and Chile. 

Dental practitioners have also confirmed a research need concerning prevalence 

estimation of DHL, indicating that this condition is becoming a clinical problem with 

a probable increasing prevalence.15,204  Nevertheless, health authorities and dental 

schools have neglected the importance of DHL in the oral health of children.  It is 

expected that OHCPs working in the public sector may diagnose these defects more 

frequently as the incidence of dental caries rate is decreasing in the population, and 

DHL are becoming more evident.  However, OHCPs from public dental services - an 

important workforce sector - have not been assessed in their knowledge and 

perceptions regarding DHL.  Thus, determination of OHCPs’ knowledge, perceptions 

and attitudes towards this condition is relevant.  Findings from the present study 

should increase the understanding about DHL epidemiological characteristics 

amongst the dental community, and this could be useful to establish an earlier 

diagnosis and potentially improve management options for the affected dentition, 

which may subsequently decrease the associated costs in the public health systems. 
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Abstract  

Introduction: Molar Incisor Hypomineralisation is a prevalent developmental defect 

of tooth enamel associated with a high burden of disease.  The present study aimed to 

survey Australian and Chilean OHCPs working in public dental facilities and to 

compare their knowledge, clinical experience and perceptions about MIH.  Findings 

would give insights whether current knowledge has penetrated OHCPs working in the 

public system.  

Methods: A mixed-mode survey regarding MIH was carried out amongst Australian 

and Chilean OHCPs from the public sector.  The survey required responses to 

questions regarding socio-demographics, clinical experience, perceptions, clinical 

management and preferences for further training.  The level of knowledge regarding 

MIH was determined by Delphi methods for consensus.  Data analysis utilised Chi-

square, linear and logistic regression models using SPSS Ver. 22.0.  

Results: The majority of respondents had observed MIH in their patients (88.6%) and 

the level of knowledge regarding MIH was high in Australian participants (p = 0.03).  

Australian respondents felt more confident when diagnosing (OR = 8.80, 95% CI 

2.49–31.16) and treating MIH-affected children (OR = 4.56, 95% CI 2.16–9.76) 

compared to Chilean respondents.  Oral health therapists reported higher levels of 

confidence than Australian general dental practitioners when providing treatment to 

children with MIH (OR = 7.53, 95% CI 1.95–29.07).  

Conclusion:  MIH is a prevalent condition encountered by OHCPs in Australian and 

Chilean public dental clinics.  Chilean OHCPs presented lower knowledge index 

scores and confidence than Australian participants.  Continuing to update clinical 

guidelines may help practitioners increase their understanding when diagnosing and 

treating MIH-affected children.  Dissemination of information and awareness 

regarding MIH is necessary in public clinics, and in particular, Chilean general dental 

practitioners should be alerted about these factors.  
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Introduction 

Molar-incisor hypomineralisation is characterised by DHL of systemic origin 

affecting one to four FPMs often associated with affected PIs.1  Similar DHL have 

been identified in SPMs and their presence has been reported as a predictive factor for 

developing MIH.2,3  In previous periods of high caries-risk, MIH-affected teeth were 

often extensively affected by carious lesions, whereas currently, MIH has become 

more evident as caries experience decreases in many populations and clinicians’ 

awareness increases.4,5  Children with severe MIH suffer pain and may need several 

dental visits and referral for specialist treatment.  Given its high prevalence (affecting 

an average of 16% of children worldwide), MIH may bring heavy financial 

implications for families and the State.  

In order to determine the recognition of MIH as a prevalent oral health condition and 

as a significant clinical problem, paediatric dental professional’s perceptions 

regarding MIH have been reported in many countries.5-11  Dental practitioners 

affiliated with the Australian and New Zealand Society of Paediatric Dentistry 

(ANZSPD) reported recognition of MIH and highlighted the need for further research 

in the field.5  A previous survey amongst paediatric dentists from South American 

universities indicated that some respondents confused MIH with fluorosis.10  A study 

in Malaysia surveyed GDPs and dental nurses; with over 80% of respondents 

recognising MIH as a common condition in their practices.9  In the UK, GDPs 

reported being less confident when diagnosing MIH compared with a group of 

trainees in the paediatric dentistry postgraduate clinical course.11  Recently, in Saudi 

Arabia, GDPs and dental students reported their desire for more clinical exposure and 

training.12  The body of information regarding MIH has been concentrated in the 

paediatric dentistry context mainly, and today it is not known whether public OHCPs, 

in particular those professionals who are in primary contact with paediatric patients in 

school dental clinics or community health centres, are familiar with MIH or if enough 

information about the condition has been provided to them.  

In Australia, general oral health care for children in the public sector is mainly 

provided by oral health therapists (OHTs) followed by GDPs.13  Oral health therapists 

have been recently added to the dental profession, combining dental therapist and 

dental hygienist education programs.14  The scope of practice of OHTs excludes 
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indirect restorations and extraction of permanent teeth, which may be a necessary 

treatment for severely affected MIH teeth.15,16  However, dental authorities have 

developed a series of clinical guidelines to provide support to all clinicians in the 

management of compromised FPMs, especially those affected by MIH.17   

In Chile, public primary oral health care for children is provided exclusively by GDPs 

working in family health centres (Centros de Salud Familiar - CESFAM).  In the 

Chilean public oral health system, six year-old children are a priority for 

comprehensive dental care in the CESFAM.18  Prevention, risk assessment and 

treatment are based on the Health Ministry Guidelines, which have been edited and 

improved approximately every three years since 2005.  However, enamel 

hypomineralisation has not been included as an independent entity.19  

In both countries, if conditions requiring more complex treatment are diagnosed, 

affected children are referred to a hospital to be treated by a paediatric dental 

specialist.  However, a shortage of dental professionals in the public sector has been 

reported in both countries, particularly in rural areas, however, anecdotally this 

shortage may be improving.20,21 

Chile and Australia’s oral health systems are to some extent similar; however, their 

performance has been very different with regard to MIH management.  Australia has 

increased resources focused on MIH (e.g. development of specific guidelines) whilst 

Chile has increased their efforts in improving general oral health and efforts regarding 

MIH have remained practically stagnant.  A comparison between a heterogeneous 

public dental workforce from Australia versus a dentist-only staff group from Chile 

would be of interest as different dental professionals’ scope of practice and clinical 

guidelines might have influenced how these professionals are managing MIH-affected 

children at primary level.    

The present study aimed to compare the knowledge, clinical experience and 

perceptions regarding MIH of Australian and Chilean OHCPs from the public dental 

sector.  

Findings would give insight about how current knowledge in relation to aetiology, 

prevalence and treatment of MIH has penetrated into public dental services.  Also, 

this report would help validate different approaches, initiatives and resources towards 
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MIH in the public sector, which may be adopted by oral health services across 

borders. 

Materials and methods 

After approval from the Human Research Ethics Committee (HREC) from UoM and 

the Utal (Appendix 3.2 & 3.3), community dental services that provide oral health 

care for children and school dental clinics in Australia as well as CESFAM in Chile 

were invited to participate in this cross-sectional survey.  In Australia, dental service 

contact details were sought and identified from each State’s health authority website 

(N = 393).  In Chile, family health centre phone numbers and addresses were obtained 

from the Health Information and Statistics Department (DEIS) database (N = 435).  

Data were collected from March to May 2014 in Australia and from October to 

December 2014 in Chile. 

A letter containing the information package (Appendix 3.4) and questionnaires was 

mailed to the centre manager or senior dentist to obtain consent for participation in a 

mixed-mode survey, giving two options for responding, by post or on-line.  Mixed-

mode surveys have been reported to provide representative results.22  In each facility, 

only one OHCP, the most likely to treat children, was asked to participate in the study 

after the authorisation of the centre manager or senior dentist (Appendix 3.5).  The 

letter also included reply-paid envelopes for return of the survey.  In case the 

participants chose to complete the survey on-line, the e-mail address of the student 

researcher (KG) was provided.  Participants contacted the student researcher and 

obtained the survey link.  Immediately after sending the link, the received email 

addresses were deleted.  This survey was anonymous and participation was voluntary.  

Participants were not rewarded financially for their participation.  Reminder calls and 

letters were sent to all the identified centres two and four weeks after the initial 

mailing. 

Sample estimation 

Sample size was calculated using G*Power© Version 3.1.9.2 (© Franz Faul, Edgar 

Erdfelder, Albert-Georg Lang, and Axel Buchner, 2006, 2009), selecting “a priori” 

power analysis options.  The minimum sample size required to detect an effect size of 

0.4, which is considered as a small/medium effect, when testing a mean difference for 
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knowledge, was 100 participants per group (total = 200), with an estimated error of 

5% and 80% power.23,24  Mean values and standard deviations were estimated using 

data collected in a pilot study.  The estimated sample size is also sufficient for 

computing binary and linear regression models including up to three independent 

variables.  As a low response rate was reported previously amongst general 

practitioners, and at least 200 total responses are required, all the centres (393 

Australian and 435 Chilean) were contacted to provide the expected sample size and 

to allow sufficient opportunity to investigate the study’s aims such as comparing the 

responses in knowledge, perceptions and management of MIH between Australian 

and Chilean OHCPs.25  

Survey instrument and variables 

The questionnaire consisted of five sections (Appendix 3.6).  In the first section 

respondents were asked to report socio-demographic information including year and 

institution of dental qualification: a) Australian/Chilean universities, b) overseas.  

Completion of post-graduate degrees and type of qualification were also included.  

The latter was classified exclusively in GDPs and OHTs, which included OHTs, 

dental therapists, and dental hygienists.  The second section included questions 

regarding general perception and recognition of MIH, including prevalence, incidence 

and severity of the defects, represented by its clinical presentation.  This section also 

included questions about respondents’ confidence in diagnosing MIH.  The third and 

fourth sections were in relation to knowledge of possible aetiological factors and 

practitioners’ clinical experience.  The last section included questions about 

practitioners’ preferences in regards to continuing education and views on the 

necessity for clinical training regarding MIH.  The questionnaire also included 

clinical photographs of MIH-affected teeth as used in previous similar surveys.5-7  The 

questionnaire was piloted amongst students undertaking the paediatric dentistry 

specialty training course at Melbourne Dental School to assess the applicability and 

repeatability.8  The translated Spanish version was revised by Chilean students at 

UoM for accuracy of translation. 

The knowledge variable was constructed using Delphi methods for consensus.  Three 

experts were invited by email to weight and score the answers for ten questions about 

general knowledge regarding diagnosis, prevalence and aetiology.26  First round of 
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participation was to allocate an individual score to each answer.  From second round 

onwards, an explanation of the answers was necessary and these were shared 

anonymously between the experts.  A total of four rounds were required to achieve 

consensus.  In the last round, if scores did not match, the most selected option 

supported by current evidence was considered for final consensus.  Each answer 

scored a total of 9 points.  Subsequently, by summing the ten answers’ scores, a single 

continuous variable (i.e. knowledge) was created.  The final score ranged from 20 to 

60 (Table 3.1).  Higher scores represented higher knowledge regarding MIH.   

Statistical analysis 

The first part of the data analysis provided a comprehensive descriptive profile of 

OHCPs and study variables.  Data was analysed to compare results between the two 

countries and various socio-demographic variables statistically.  For the comparison 

of results for variables that were nominal or ordinal, Chi-square (χ2) and Fisher-

Freeman Halton tests were utilised.  These tests were also used to determine 

differences between the sample and the real available workforce distribution.  One-

way analysis of variance (ANOVA) test was used for comparing scale variables.  

Linear regression models were computed to assess the relationship between 

independent variables (i.e. country, university and postgraduate training) and the 

knowledge variable in all OHCPs.  Binary logistic regressions models were computed 

to test the same independent variables against the confidence in diagnosing and 

managing MIH.  Independent models for Australian practitioners were computed 

including initial qualification (e.g. GDPs or OHTs) as an additional variable.  

Independent variables were selected when they met the threshold of p < 0.2 in the 

bivariate analyses.  Normality plots of the residuals showed no departures from 

normality and standardised residuals plotted versus standardised predicted values 

showing no significant deviations from the models’ assumptions.  Normality tests for 

standardised residuals were not statistically significant.  The results were considered 

statistically significant at alpha level < 0.05.  The data were analysed using SPSS Ver. 

22.0 (IBM, NY, USA). 
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Results 

In Australia, from the 393 public dental clinics identified, 113 completed 

questionnaires were returned (29%).  Twenty-one survey packages were “returned to 

sender” as the addresses were incorrect.  In Chile, amongst the 435 family centres 

identified, 117 completed questionnaires were returned (28%) and nine survey 

packages were “returned to sender”.  An overall response rate of 29% (N = 230/798) 

was achieved.  

The majority of respondents in both countries were female (66.8%, N = 153).  More 

than 90% of the OHTs were females compared to 51.1% Australian GDPs and 56.9% 

Chilean GDPs (χ2(2) = 34.82, p < 0.001). The mean age of respondents was 

statistically different when compared by country with 43.5 (s.d. 12.7) years for 

Australian GDPs and 41.7 (s.d. 12.9) years for OHTs versus 34.1 (s.d. 7.7) years for 

Chilean practitioners (F(1,224) = 17.76, p < 0.001).  All of the Chilean respondents 

(N = 117) had a Bachelor of Dentistry degree, whereas in Australia over half were 

OHTs (58.4%, N = 66) (Table 3.2).  

The Australian GDPs and OHTs had been practicing dentistry for an average of 18.2 

(s.d. 12.7) and 19.2 (s.d. 13.5) years respectively; Chilean GDPs had practiced 

dentistry for 9.0 (s.d. 7.8) years, and this difference was statistically significant 

(F(1,224) = 23.64, p < 0.001).  The majority of respondents (79.5%, N = 178) 

graduated from Chilean or Australian universities with statistically significant 

differences between countries (χ2(2) = 61.1, p < 0.001) (Table 3.2).  

 The majority of respondents did not have a postgraduate degree or specialisation 

(74.1%, N = 169).  However, statistical differences by country were found (χ2(2) = 

15.34, p < 0.001), demonstrating that a higher number of Chilean GDPs (36.5%) had 

completed a postgraduate training course compared to Australian GDPs (21.3%) or 

OHTs (10.6%).  Over half of Australian GDPs (51.1%, N = 24) and OHTs (71.2%, N 

= 71) were working in a rural practice compared to the majority of Chilean 

respondents who worked in urban dental practices (75.9%, N = 88, χ2(2) = 39.46, p < 

0.001) (Table 3.2).  

The general perceptions regarding MIH amongst participants also varied by country 

(Table 3.3).  A vast majority of respondents had observed MIH in their patients 

(88.6%, N = 203); and statistically significant differences between countries were 
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found (χ2(2) = 20.45 p < 0.001), with 95.7% (N = 110) of Australian GDPs and 100% 

of OHTs versus 79.5% (N = 93) of Chilean GDPs having encountered MIH-affected 

children in their practices.  The most common defects seen by OHCPs were YB 

coloured demarcated opacities (64.9%, N = 131).  The majority of respondents in both 

countries had encountered hypomineralised lesions in permanent teeth other than 

FPMs (63.9%, N = 129) and reported that the teeth most commonly affected were 

premolars (66.4%, N = 71).  Interestingly, Chilean respondents did not report to have 

noticed hypomineralised lesions in SPeMs (χ2(4) = 20.80, p < 0.001).  Chilean 

participants had observed hypomineralised lesions in the primary dentition at a similar 

frequency (85.6%) to Australian GDPs (89.1%) but lower than OHTs (98.5%, χ2(2) = 

7.67, p = 0.02).   The majority of the Australian GDPs (84.6%) and OHTs (81.6%) 

perceived an increased prevalence of MIH during their practising lifetime when 

compared with Chilean participants (52.4%, χ2(2) = 14.71, p = 0.001).  Practitioners 

from both countries reported that MIH represents a clinical problem (95.7%, N = 220) 

and that it would be worthwhile investigating the MIH prevalence in their 

communities (93.9%, N = 215).   

Statistically significant differences existed between countries in relation to 

participants’ clinical appreciation of management and care of MIH affected teeth 

(Table 3.4).  Most participants (86.5%, N = 198) felt confident when diagnosing MIH, 

with 17% (N = 16) of Chilean respondents lacking diagnostic confidence.  A 

significant number of Australian OHTs (90.8%, N = 59, χ2(2) = 17.16, p < 0.001) 

reported that they feel comfortable providing management care for affected children 

when compared to Australian GDPs (72.3%, N = 34) and Chilean GDPs (62.1%, N = 

72). The majority of Chilean GDPs (59.5%, N = 69) did not refer patients with signs 

of MIH to a paediatric dental specialist, whereas the majority of Australian GDPs 

(78.7%, N = 37) and OHTs (69.2%, n = 45) referred always or when possible (χ2(2) = 

25.80, p < 0.001). 

Preferred treatment options varied according to country (Table 3.4).  The combination 

of direct dental materials (i.e. RC, GIC and RMGIC) was the most popular selection 

amongst respondents (31.6%, N = 72), which was selected by 41.4% (N = 48) of 

Chilean practitioners (χ2(2) = 13.31, p = 0.001).  However, there was a significant 

number of participants (27.6%, N = 63) who selected GIC exclusively as treatment 

option.   Preformed metal crowns in combination with other direct materials were 
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used sparingly by Chilean respondents (1.7%, N = 2), whereas the majority of 

Australian GDPs (53.2%, N = 25) and 27.7% (N = 18) of OHTs preferred them as a 

treatment option (χ2(2) = 13.31, p = 0.001).   

An uncooperative child was the barrier selected by the majority of OHCPs (82%, N = 

187).  Difficulty with achieving local anaesthesia was perceived as a barrier for the 

majority of Australian respondents (GDPs = 46.8%, OHTs = 66.2%), but in contrast it 

was reported as a barrier for a very few Chilean participants (9.5%, N = 11), χ2(2) = 

65.04, p < 0.001).  A larger number of Chilean practitioners considered insufficient 

training (38.8%, N = 45, χ2(2) = 18.98, p < 0.001) as an important barrier to providing 

treatment when compared to Australian participants’ perceptions (Table 3.4).  

The majority of Chilean respondents stated that they had not received any information 

on MIH (56.1%, N = 64) which is statistically significantly different compared to 

Australian practitioners, where OHTs had received more information than GDPs 

(68.2% vs. 46.8%, χ2(2) = 10.43, p = 0.005).  The sources of information were mostly 

dental journals, continuing education and the Internet.  Almost all of the respondents 

would like to receive training on MIH (93.8%, N = 212) particularly in subjects 

related to clinical treatment modalities (Table 3.4).  

Questions regarding prevalence and aetiology of MIH were weighted to build the 

knowledge variable.  The total knowledge mean value was 48.6 (s.d. 5.9) with scores 

ranging from 29 to 59 (Table 3.1).  The distribution of the answers by socio-

demographic factors demonstrated that the greater proportion of Chilean GDPs 

(42.7%, N = 50) perceived that the prevalence in their communities is less than 5%, 

whereas the largest proportion of Australian GDPs (31.9%, N = 36) perceived that the 

MIH prevalence ranges from 5 to 10%.  However, a greater number of OHTs (37.9%) 

perceived that the prevalence ranges from 10 to 20%.  The influence of chronic 

medical conditions was more frequently reported by Australian GDPs (63.8%, N = 

30) and OHTs (70.8%, N = 46) than Chilean practitioners (51.7%, N = 60, χ2(2) = 

6.71, p = 0.03). From the total sample, 90% recognised a different pattern in the 

clinical presentation of carious lesions related with MIH not conforming to the usual 

caries pattern (Table 3.5).  

The linear regression model for the total sample was statistically significant (F(3,222) 

= 2.95, p = 0.03) and explained 4% of the variance. Those who completed a 



97  

postgraduate course reported significantly higher scores of knowledge (p = 0.01).  

Chilean OHCPs reported significantly lower scores compared to Australian 

practitioners (p = 0.03) (Table 3.6).  The model for Australian practitioners did not 

show statistically significant differences (p = 0.10) (Table 3.7) 

Binary regression models for confidence levels when diagnosing and treating MIH 

affected patients were computed.  The first logistic regression model ascertained the 

effects of country, university and postgraduate training on the likelihood that 

participants have confidence when diagnosing MIH (Table 3.8).  The logistic 

regression model was statistically significant (χ2(3) = 18.52, p < 0.001).  The model 

explained 17% of the variance in confidence and correctly classified 90.5% of cases.  

Australian OHCPs were almost nine times more likely to be confident than Chilean 

participants (OR = 8.80, 95% CI 2.49-31.16, p < 0.001).  Graduates from Australian 

or Chilean universities had also increased likelihood of confidence (OR = 6.99, 95% 

CI 2.04 - 23.95, p = 0.002), but postgraduate training was not associated with feeling 

confident when diagnosing MIH.  The second regression model for Australian 

OHCPs was not statistically significant (p = 0.72) (Table 3.9).  

Binary regression models conducted to evaluate the effects of selected variables upon 

how comfortable OHCPs feel when providing management and care for MIH affected 

children were also computed.  The model for all participants was statistically 

significant (χ2(3) = 18.20, p < 0.001) and explained 11% of the variance and correctly 

classified 73.9% of cases (Table 3.10).  Chilean OHCPs had decreased likelihood to 

be confident compared to Australian respondents (OR = 4.56, 95% CI 2.16 - 9.76, p < 

0.001).  Other variables did not show statistically significant effects.  When analysing 

Australian OHCPs exclusively, the model was also significant (χ2(3) = 10.28, p = 

0.02) and explained 16% of the variance.  Australian GDPs feel seven times less 

confident (OR = 7.53, 95% CI 1.95 – 29.07, p = 0.003) when treating MIH patients 

compared to OHTs (Table 3.11). 

Discussion 

The present study investigated the knowledge, perceptions and clinical experience 

about MIH amongst OHCPs working in the public sector from two countries, 

Australia and Chile.  In Australia and New Zealand there have been considerable 

efforts devoted to investigate MIH from different aspects.  The available reports are 
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from clinicians with an interest in paediatric dentistry showing high levels of 

awareness of MIH, and their general knowledge being similar to that of Australian 

OHCPs from the present study.5  In contrast, there are no specific reports available for 

the Chilean dental community.  Nevertheless, the views of general dental practitioners 

working in the public sector in these countries have not been reported previously.  

Establishing the perceptions and clinical conduct of OHCPs relating to MIH seems 

essential to orientate local health authorities regarding the dissemination and inclusion 

of scientific information and evidence into the clinical guides.  This baseline MIH 

knowledge data should be useful to public service planners, who are responsible for 

planning, implementation of interventions and evaluation of public dental health 

practices.  These entities may increase the awareness of MIH amongst the broader 

dental community and could develop continuing education programs focused on 

promulgating information about MIH characteristics, prevalence, aetiological factors, 

prevention and treatment. 

The initial qualification of respondents varied from solely GDPs in Chile (100%) to 

GDPs (41.6%) and OHTs (58.4%) in Australia.  In Chile, all OHCPs working for the 

public dental clinics had a Bachelor of Dentistry degree, as OHTs do not exist.  

Almost one third of Chilean dentists work in the public sector.27  In contrast, allied 

dental professionals in Australia including OHTs, dental therapists, dental hygienists, 

and dental assistants can work in both public and private sectors.21  One in five 

Australian dentists work in the public sector whereas the majority of OHTs do.13  Oral 

health therapists in Australia have an important role in addressing the oral health 

demands of underserved communities by increasing access to public oral health 

care.14,28  Chilean dentists commonly apply for a position in a CESFAM shortly after 

graduation, as it will provide accreditation for postgraduate study scholarships 

available from the government.  Anecdotal evidence suggests that after a few years 

this workforce tends to move to the private sector, which could explain the 

differences in age and number of years practising dentistry between the countries.  

Thus, Chilean researchers have suggested the exploration of changes in dentists’ 

career preferences during their professional life.29 

Results from the present study indicated that the majority of the participants had 

encountered MIH in their practices and YB opacities are the most frequent 

presentation.  This result is consistent with previous reports from Australia, Iraq and 
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Malaysia.5,6,9  However, Chilean respondents reported observing this defect less 

frequently and perceived lower prevalence (less than 5%) than Australian 

practitioners.  As reflected in the present study’s findings, it is more likely that 

Chilean OHCPs may be less aware of the presence of this defect compared to 

Australian OHCPs, in spite of the existing evidence from Chilean studies indicating a 

13% to 17% prevalence.30,31  As a starting point and following the Australian 

example, the inclusion of up-to-date evidence in the guidelines, particularly in regards 

to MIH definition, prevalence, aetiology and clinical management, may support 

public practitioners in their decisions and increase their awareness and understanding 

about MIH.17  Surprisingly, an overwhelming majority of practitioners (greater than 

90%) from both countries recommended that investigating the prevalence of MIH 

would be worthwhile.  The present results support the fact that practitioners in the 

public dental clinics, as same as dental specialists, are still uncertain about the 

prevalence of hypomineralised defects in their communities.5,7  

The difference in prevalence reported between countries could also be associated with 

the decreasing caries experience in Australia where 44.1% of the population have had 

caries experience in the permanent dentition at 12 years of age with a mean DMFT of 

1.05 teeth, compared to Chile where the caries experience prevalence reaches 63% 

with a mean DMFT of 1.9 teeth.32,33  The higher caries experience in Chilean 

population may mask the presence of MIH.4  Unfortunately, it is not possible to 

corroborate this hypothesis, as current epidemiological information of MIH and its 

association with dental caries is scarce in both Chilean and Australian population.  

Considering that a large number of participants confirmed the atypical presentation of 

carious lesions related to MIH, the present study supports the association between 

carious lesions and MIH in terms of lesion severity, with a greater prevalence of 

dental caries in MIH affected children.34  Thus, the real impact of MIH on caries 

experience could be explored by examining the presence and severity of atypical 

carious lesions in the population (Chapter 4).  Demarcated hypomineralised lesions of 

enamel are dynamic defects after tooth eruption where the defect may suffer PEB in 

the presence of unfavourable conditions.34  Clinical presentation is the only clinical 

severity indicator, at present, which may be explored further with new technologies, 

such as fluorescence techniques, to predict the risk of future carious lesion 

development or PEB (see Chapter 5 and 6). 
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Recently, some similar conditions to MIH have been reported in the literature, in 

particular the presence of DHL in the primary dentition also associated with an 

increased risk of developing MIH.2,3,35  The majority of respondents in the present 

study reported observing MIH-like defects in the primary dentition, with Australian 

perception higher than Chilean.  The different perception of the presence of MIH in 

primary and permanent dentitions could be associated with the level of knowledge 

that the dental community possesses in relation to these defects.  Moreover, the level 

of confidence for detecting MIH, confirmed by the results from the study’s regression 

models, added that Australian practitioners feel almost nine times more confident than 

Chilean practitioners.  These results may be explained by the fact that in Australia, 

there are actively organised initiatives for promoting and disseminating information 

about the impact of developmental defects and its associated cost for health 

authorities, societies and families, such as the D3 Group website 

(http://www.thed3group.org).36  This information could be translated to other 

languages to reach non-English speaking populations.  

In general, the participants identified other permanent teeth affected by MIH-like 

lesions, particularly premolars, SPeMs and canines, which is consistent with previous 

findings.9  Interestingly, Chilean practitioners did not report having identified affected 

SPeMs.  This is possibly related to the Health Explicit Guarantees in the Chilean 

public oral health system which prioritises the 6 year-old group children; however, 

this does not mean that other groups are excluded from the system.18  In contrast, in 

Victoria, children aged 0 to 12 are eligible to receive free public general dental care 

and people aged 13 to 17 are eligible if their parents/guardians hold a Health Care 

Card.37  These criteria are similar across all Australian States and Territories.  

However, only approximately one third of eligible children visited a public or school 

dental clinics for their annual check-ups in 2010.33,38  

In the present study, the assessment of knowledge regarding aetiology and pathogenic 

mechanisms of MIH amongst OHCPs has been conducted though the analysis of the 

responses given in the knowledge variable.  The current evidence supports a 

multifactorial causative theory of MIH defects, and specific aetiological factors have 

not been elucidated.4,9,39-41  Similarly, participants selected a range of answers related 

to MIH aetiology.  For example, participants recognised a genetic component as a 

possible aetiological factor for MIH.5,9  Genetic variations may have been 
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underestimated as they may play a role in MIH development.42  In accordance with 

other surveys,5,9 most respondents believed that childhood or maternal chronic and 

acute medical conditions were involved in the aetiology of MIH, supported by 

numerous investigations indicating a variety of health conditions as risk factors for 

MIH.4,43,44  In contrast to other studies, the majority did not consider fluoride 

consumption as an important factor in the aetiology of MIH, and 86% recognised 

MIH as a defect distinct from fluorosis and hypoplasia.5,6,8-10  In regards to the period 

of the insult, the greatest number of participants concentrated their responses from 

pregnancy to the third year of life.  Including all these items, the statistical linear 

model for the knowledge demonstrated that Australian OHCPs and, not surprising, 

those who had completed a postgraduate course, reported higher MIH knowledge.   

Binary regression models demonstrated that Australian OHTs reported being more 

confident when providing care for children with MIH than GDPs.  This may be 

explained due to the scope of practice of dental therapists has been historically 

directed to child oral health.14  The majority of OHTs also received more information 

regarding MIH which also increases knowledge and awareness.  It is relevant that 

most Australian practitioners would refer severely affected children to a paediatric 

dentist.  Unfortunately, it is likely that a limited number of public paediatric dentists 

exist who can assist referred patients.  Continuing education programs might 

disseminate MIH knowledge and clinical management amongst dental professionals 

in both countries, and it this information should be accessible to GDPs working in the 

public sector. 

Similar to the ANZSPD and Malaysian findings, the most popular restorative material 

used by OHCPs in the present study was GIC exclusively (27.6%) and GIC combined 

with other direct materials (31.6%).5,9  A large number of OHTs mainly rely on GIC 

exclusively (35.4%) and similar results were reported previously.5   These results may 

be controversial, as the use of GIC in large hypomineralised lesions is considered as 

an interim treatment by many and advocated to reduce sensitivity and to prevent PEB 

in an attempt to ‘stabilise’ the tooth.16,45,46  Training and competencies of OHTs are 

not sufficient to provide all restorative care necessary in severely MIH-affected 

children; however, they feel a high level of confidence when diagnosing and treating 

affected children and most importantly, they refer them to specialists for further 
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treatment at early stages of the condition.  Early diagnosis and prevention of 

breakdown are key elements in managing MIH.47 

Medium-term and long-term treatment options for MIH teeth should include direct 

resin composite restorations, cast restorations, extractions and placement of PFM.16,48-

50  As the utilisation of PFM is more frequent among paediatric dental specialists than 

general practitioners,51,52 it was not surprising that few participants (18.9%) reported 

using PFM for treatment in MIH-affected teeth.  However, differences by country 

existed and 53.2% of Australian GDPs used PFM compared to 1.7% in Chile.  These 

characteristics may reflect the difference in the training received at dental school.  

Placement of PFM is part of the dental curriculum in most Australian universities, yet 

in Chile, it is only part of the curriculum in postgraduate paediatric training courses.   

Continuing education programs might disseminate MIH knowledge and clinical 

management amongst dental professionals in both countries to increase confidence 

when diagnosing and treating children with MIH, especially when over 90% of 

practitioners in both countries desired further training, especially on MIH treatment 

modalities.  These programs should be accessible to OHCPs working in the public 

sector.  For example, in Victoria (Australia), a continuing professional development 

program has been designed for OHCPs to enhance their clinical practice in the use in 

PFM, albeit in primary molars principally.53   This is contrary to Chile, where 

continuing education programs are not compulsory requirements for professional 

practice registration.  

The barriers perceived by practitioners when treating MIH-affected children are 

similar to those reported in the literature.5,9  ‘Uncooperative child’ was the most 

popular option.  The reason for this behaviour maybe is due to excessive tooth 

sensitivity and dental anxiety in MIH-affected children.45,54  As previously proposed, 

management of patients with MIH should be included in dental training programs.9   

Difficulty of achieving local anaesthesia seemed to be a significant barrier for 

Australian GDPs and OHTs compared to Chilean practitioners (46.8%, 68.2%, 9.5%, 

respectively).  The Chilean guidelines include only the use of non-pharmacological 

behaviour control techniques and local anaesthetics.19  The use of nitrous oxide 

sedation is not described in the guidelines.  Access to GA is limited to special needs 

patients and there are limited opportunities for healthy children, therefore in many 

cases dental treatment has to be completed ‘in the chair’.55  A recently developed 
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minimally-invasive treatment approach with good survival rates, described as The 

Hall Technique, which involves the use of PFM luted with GIC to seal carious lesions 

in primary molars with no carious tissue removal, no crown preparation and no 

administration of local anaesthetic, may potentially address MIH-associated clinical 

issues in the medium term, such as sensitivity, dental anxiety and a lack of resources 

for GA.56,57  Currently, there is no evidence regarding the use of the Hall Technique in 

affected permanent molars.  It is recommended that the impact of changing the 

vertical dimension in first permanent molars should be investigated, as occlusal 

complications are highly probable due to the lack of reduction of the occlusal 

surface.16  

Insufficient training and lack of information regarding current evidence about MIH 

may affect the management of children with MIH in the public sector setting.  It is 

expected that dental professionals develop the ability to have life-long learning to 

search out answers and solve problems using evidence.  However, a large number of 

OHCPs in the present study reported not receiving adequate information.  This 

situation appears worse in other countries, such as Malaysia where only 7% of GDPs 

reported that they have received information regarding MIH.9  It is important that 

health authorities consistently and effectively disseminate scientific evidence and 

provide clinical management guidance that OHCPs working for the public dental 

clinics can access.  This may help to decrease the treatment burden associated with 

MIH in the future.9   It is essential to expand the availability of MIH information not 

only to those professionals who are specialists (e.g. paediatric societies, paediatric 

dentistry postgraduate students and dental academics), but also to those practitioners 

who are in the position to diagnose this condition initially.  

The present findings should be considered in the context of the study’s limitations. 

The linear model explained a very small proportion of the variation of knowledge, 

which indicated that many other variables not included in the present study may affect 

OHCPs’ knowledge regarding MIH.  For example, the critical use of the guidelines 

was not assessed amongst participants.  Therefore, it is unclear if the available 

guidelines facilitate more cost-effective care and aid the practitioners in their clinical 

decisions.  However, guidelines will certainly not replace the clinicians’ judgment and 

the patient’s personal characteristics.58  Some Australian centres could have been 

excluded from this investigation, as health authorities’ websites were reviewed but 
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not all of them provided the full list of available centres.  However, with exception of 

Australian Capital Territory, the present study had respondents from all Australian 

States/Territories.  To test the representativeness of the sample, age, gender 

distribution and place of initial qualification of Australian respondents were compared 

with data from latest national dental workforce report.21  For example, the distribution 

of responses from each Australian State (i.e. NSW, QLD, VIC, etc.) was compared 

with the distribution of identified centres (N = 393), and no statistically significant 

differences were found.  In the Chilean sample, gender distribution from the study and 

national data available at DEIS was compared, and no statistically significant 

difference was determined.59  However, the list of CESFAM obtained from a 

government website and the distribution of responses were statistically different than 

the geographic distribution of the CESFAM, and this fact limits the generalisation of 

the results.  Also, a relative low response rate of 29% was obtained, but the number of 

participants (N = 230) is sufficient to give enough power to provide representative 

results.  The self-reported nature of the questionnaire may also increase the possibility 

of response bias in which the responses of participants have been lead away from an 

accurate or truthful report of their knowledge, perceptions and clinical management 

practices.  Nevertheless, the present study provides baseline data for further 

investigation in both countries.  

Conclusion 

Molar-incisor hypomineralisation is a prevalent condition encountered by OHCPs in 

Australian and Chilean public dental clinics.  Variations between countries existed 

particularly in terms of prevalence, aspects of clinical management and perceptions 

regarding MIH.  Chilean respondents reported lower knowledge scores and 

confidence than Australian OHCPs.  Inclusion of up-to-date information about MIH 

in the clinical guidelines or implementation of accurate continuing development 

programs may help practitioners to increase their understanding when diagnosing and 

treating MIH-affected children.  More information regarding this topic seems 

necessary in both countries, and in particular, disseminated to GDPs working at the 

public sector.  
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Tables Chapter 3 

Table 3.1. Final scoring of knowledge variable using Delphi methods for consensus 

Knowledge Variable Highest scores Lowest scores 

Q1. Have you been aware that MIH is a DDE that differs from fluorosis and hypoplasia  Yes = 9 No = 0 

Q2 How prevalent do you think MIH might be in 

your community? 

<5% Selected = 1  

5-10% Selected = 1  

 10-20% Selected = 6  

 >20% Selected = 1  

Not sure  Selected = 0 

Which factor(s) do you think are involved in the 

aetiology of MIH?  

Q3. Genetic factors Yes = 5 No = 4 

 Q4. Environmental contaminants Yes = 5 No = 4 

 Q5. Chronic medical conditions 

affecting mother or child 

Yes = 6 No = 3 

 Q6. Acute medical conditions 

affecting mother or child 

Yes = 6 No = 3 

 Q7. Antibiotics or medications Yes = 5 No = 4 

 Q8. Fluoride exposure No = 8 Yes = 1 

Q9. During what time/period do you think this 

insult occurs? 

During pregnancy Selected = 1  

 1st year of life Selected = 3  

 3rd year of life  Selected = 0 

 Pregnancy to 1st year of life Selected = 3  

 Pregnancy to 3rd year of life Selected = 2  

Q10. Do you think the pattern of caries related to MIH is different from the classical caries 

pattern?  

Yes = 7 No = 1 or Not sure = 1 

Total Scores 60 

 

20 
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Table 3.2. Socio-demographic characteristics of OHCPs 

 

Socio-demographic characteristics Total OHCPs 

N(%) 

Australia Chile 

GDPs N(%) OHTs N(%) GDPs N(%) 

Gender Female 153 (66.8) 24 (51.1)* 63 (95.5)* 66 (56.9)* 

Male 76 (33.2) 23 (48.9)* 3 (4.5)* 50 (43.1)* 

Age  Mean (s.d.) 38.17 (11.3) 43.36 (12.7)^ 41.66 (12.9)^ 34.14 (7.7)^ 

How long practising Mean (s.d.) 13.81 (11.8) 18.17 (12.7)^^ 19.21 (13.5)^^ 8.97 (7.8)^^ 

University Australian/Chilean 178 (79.5) 18 (39.1)* 51 (82.3)* 109 (94.0)* 

OS 46 (20.5) 28 (60.9)* 11 (17.7)* 7 (6.0)* 

Postgraduate training Yes 59 (25.9) 10 (21.3)* 7 (10.6)* 42 (36.5)* 

No 169 (74.1) 37 (78.7)* 59 (89.4)* 73 (63.5)* 

Work setting Urban 130 (56.8) 23 (48.9* 19 (28.8)* 88 (75.9)* 

Rural 99 (43.2) 24 (51.1)* 47 (71.2)* 28 (24.1)* 

Total OHCPs  230 47 (41.6) 66 (58.4) 117 

113 
Results may not add due to missing values. OHCPs oral health care practitioners, GDPs general dental practitioners, OHTs oral health therapists, OS overseas.  

*Significant differences by χ2 p < 0.001 
^Significant differences by F(1, 224) = 17.76, p < 0.001  
^^ Significant differences by F(1, 224) = 23.64, p < 0.001  
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Table 3.3. General perceptions regarding MIH amongst OHCPs 

 

 

Results may not add due to missing values. 
OHCPs oral health care practitioners, GDPs general dental practitioners, OHTs oral health therapists, MIH molar incisor hypomineralisation 

**Significant differences by χ2 p <0.001, *significant differences by χ2 p < 0.05. 

 

  

 

 

 

Questions 

Total 

OHCPs 

N(%) 

Australia Chile 

GDPs  

N(%) 

OHTs 

N(%) 

GDPs  

N(%) 

Do you encounter teeth with MIH in your practise? (YES) 203 (88.6) 44 (95.7)** 66 (100)** 93 (79.5)** 

Which of the following do you most frequently see? White demarcation 42 (20.8) 8 (18.2) 13 (20.0) 21 (22.6) 

Yellow/brown demarcation 131 (64.9) 27 (61.4) 41 (63.1) 63 (67.7) 

PEB 29 (14.3) 9 (20.5) 11 (16.9) 9 (9.7) 

Do you encounter these defects in other permanent teeth? (YES) 129 (63.9) 23 (52.3) 41 (63.1) 65 (69.9) 

Name of the tooth Premolars 71 (66.4) 12 (63.2)** 16 (47.1)** 43 (79.6)** 

Second permanent molars 16 (15.0) 5 (26.3)** 11 (32.4)** 0** 

Canines 20 (18.6) 2 (10.5)** 7 (20.5)** 11 (20.4)** 

Do you notice this defects in the primary dentition? (YES) 200 (90.1) 41 (89.1)* 64 (98.5)* 95 (85.6)* 

Do you feel the incidence has increased in the period of your practice? (YES) 95 (68.8) 22 (84.6)* 40 (81.6)* 33 (52.4)* 

Do you think that teeth with MIH present as a clinical problem? (YES) 220 (95.7) 46 (97.9) 64 (97.0) 110 (94.0) 

Do you think is worthwhile investigating the prevalence? (YES) 215 (93.9) 44 (93.6) 60 (92.3) 111 (94.9) 

Total  230 47 66 117 

113 
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Table 3.4. Clinical experience, management and continuing education aspects amongst OHCPs. 

  Total Australia Chile  

GDPs  

N(%) 
Questions  OHCPs 

N(%) 

GDPs 

N(%) 

OHTs  

N(%) 

How confident do you feel when diagnosing teeth with MIH? Confident  182 (88.3) 42 (91.3) 62 (93.9) 78 (83.0) 

Unconfident  24 (11.7) 4 (8.7) 4 (6.1) 16 (17.0) 

Are you confident when providing management care for children with MIH? (YES) 165 (72.4) 34 (72.3)** 59 (90.8)** 72 (62.1)** 

Would you refer a child who has signs of MIH to a paediatric 

specialist for treatment? 

Yes or when possible 129 (56.6) 37 (78.7)** 45 (69.2)** 47 (40.5)** 

No 99 (43.4) 10 (21.3)** 20 (30.8)** 69 (59.5)** 

 

What type of restorative material do you often use to treat these 

teeth? (Only those YES answers are shown) 

Amalgam and other direct 

materials 

18 (7.9) 3 (6.4) 3 (4.6) 12 (10.3) 

RC exclusively 10 (4.4) 1 (2.1) 0 9 (7.8) 

GIC exclusively 63 (27.6) 10 (21.3) 23 (35.4) 30 (25.9) 

RMGIC exclusively 14 (6.1) 2 (4.3) 1 (1.5) 11 (9.5) 

CR, GIC and RMGIC combined 72 (31.6) 6 (12.8)* 18 (27.7)* 48 (41.4)* 

PFM combined with direct 

materials 

43 (18.9) 25 (53.2)** 16 (24.6)** 2 (1.7)** 

Others, e.g., cast rest, extractions 

and fluoride 

8 (3.5) 

 

0 4 (6.2) 4 (3.4) 

Would any of the following be a barrier for you for managing MIH 

teeth? (Only those YES answers are shown) 

Treatment takes too long 84 (36.8) 16 (34.0) 16 (24.6) 52 (44.8) 

Uncooperative child 187 (82.0) 42 (89.4)* 61 (93.5)* 84 (72.4)* 

Difficulty achieving local 

anaesthesia 

76 (33.3) 22 (46.8)** 43 (66.2)** 11 (9.5)** 

Insufficient training 60 (26.3) 6 (12.8)** 9 (13.8)** 45 (38.8)** 

Are you receiving any information on MIH? (YES) 117 (51.5) 22 (46.8)* 45 (68.2)* 50 (43.9)* 

Would you like clinical training regarding MIH? (YES) 212 (93.8) 42 (91.3) 58 (90.6) 110 (96.5) 

Total OHCPs 232 47 66 117 
113 

Results may not add due to missing values.  
OHCPs oral health care practitioners, GDPs general dental practitioners, OHTs oral health therapists, MIH molar incisor hypomineralisation, RC resin composite, GIC glass ionomer cements, RMGIC resin modified 

glass ionomer cements, PFM preformed metal crowns. 

**Significant differences by χ2 p < 0.001; * Significant differences by χ2 p < 0.05 
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Table 3.5. Knowledge regarding MIH amongst OHCPs  

 

Knowledge questions Total 

OHCPs N (%) 

Australia Chile 

GDPs N(%) OHTs N(%) GDPs N(%) 

Have you been aware that MIH is a DDE that differs from fluorosis and hypoplasia (YES) 198 (86.5) 40 (87.0) 61 (92.4) 97 (82.9) 

How prevalent do you think MIH might be in your 

community? 

<5% 64 (27.8) 9 (19.1) 5 (7.6) 50 (42.7) 

 5-10% 72 (31.3) 16 (34.0) 20 (30.3) 36 (30.8) 

 10-20% 57 (24.8) 10 (21.3) 25 (37.9) 22 (18.8) 

 >20% 13 (5.7) 3 (6.4) 8 (12.1) 2 (1.7) 

 Not sure 24 (10.4) 9 (19.1) 8 (12.1) 7 (6.0) 

Which factor(s) do you think are involved in the 

aetiology of MIH? (YES) 

Genetic factors 129 (56.6) 27 (57.4) 31 (47.7) 71 (61.2) 

 Environmental contaminants 94 (41.2) 22 (46.8) 24 (36.9) 48 (42.4) 

 Chronic medical conditions affecting 

mother or child 

136 (59.6) 30 (63.8)* 46 (70.8)* 60 (51.7)* 

 Acute medical conditions affecting 

mother or child 

163 (71.5) 35 (74.5) 49 (75.4) 79 (68.1) 

 Antibiotics or medications 117 (51.3) 24 (51.1) 34 (52.3) 59 (50.9) 

 Fluoride exposure 22 (9.6) 7 (14.9) 5 (7.7) 10 (8.6) 

During what time/period do you think this insult 

occurs? 

During pregnancy 41 (18.1) 3 (6.5) 5 (7.7) 33 (28.4) 

 1st year of life 18 (7.9) 3 (6.5) 6 (9.2) 9 (7.8) 

 3rd year of life 21 (9.3) 6 (13.0) 9 (13.8) 6 (5.2) 

 Pregnancy to 1st year of life 49 (21.6) 10 (21.7) 11 (16.9) 28 (24.1) 

 Pregnancy to 3rd year of life 54 (23.8) 13 (28.3) 20 (30.8) 21 (18.1) 

 Not sure 44 (19.4) 11 (23.9) 14 (21.5) 19 (16.4) 

Do you think the pattern of caries related to MIH is different from the classical caries 

pattern? (YES) 

207 (90.0) 42 (89.4) 58 (87.9) 107 (91.5) 

Knowledge mean (s.d.) 48.58 (5.92) 48.20 (6.51) 49.98 (5.28) 47.95 (5.94) 

Scores range (20 - 60) 29 - 59 33 - 59 37 - 59 29 - 59 

Total sample  

 

230 47 66 117 

113 

*Significant differences by χ2 p < 0.05 
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Table 3.6. Multivariate regression analysis for knowledge in all OHCPs. 

 

Variables  B SEB Beta P value 

Constant  49.16 0.86  <0.001 

Postgraduate course 1 = Yes 2.28 0.92 0.17 0.01 

 0 = No     

How long practice In years -0.12 0.04 -0.02 0.75 

Country 1 = Chile -1.90 0.88 -0.16 0.03 

 0 = Australia     
F(3,222) = 2.95, p = 0.03, R2 = 0.04 

 

Table 3.7. Multivariate regression analysis for knowledge in Australian OHCPs.  

 

Variables  B SEB Beta P value 

Constant  48.34 1.19  <0.001 

Postgraduate course 1 = Yes 2.15 1.63 0.13 0.19 

 0 = No     

How long practice In Years -0.03 0.04 -0.06 0.51 

Qualification 1 = OHTs 2.01 1.14 -0.17 0.08 

 0 = GDPs      
F(3,104) = 1.58, p = 0.10, R2 = 0.04 
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Table 3.8. Logistic regression model for confidence in diagnosing MIH for all OHCPs. 

  

Variables  Unconfident 

N = 24 (%) 

Confident  

N = 182 (%) 

Adjusted 

Odds Ratio 

95% CI P value 

Country  Chile  16 (17.0) 78 (83.0) ^   

 Australia  8 (7.1) 104 (92.9) 8.80 2.49 – 31.16 0.001 

University Overseas 9 (19.6) 37 (80.4) ^   

 Australian/Chilean 14 (9.1) 140 (90.9) 6.99 2.04 – 23.95 0.002 

Postgraduate training No 20 (13.0) 134 (87.0) ^   

 Yes 4 (8.0) 46 (92.0) 2.69 0.79 – 9.09 0.11 
χ2(3) = 18.52, p < 0.001, Nagelkerke R2 =  17%, 90.5% of the cases. 

 

Table 3.9. Logistic regression model for confidence in diagnosing MIH for Australian OHCPs.   

 

Variables  Unconfident 

N = 8 (%) 

Confident  

N = 104 

(%) 

Adjusted 

Odds Ratio 

95% CI P value 

Qualification GDPs 4 (8.7) 42 (91.3) ^   

 OHTs  4 (6.1) 62 (93.9) 1.33 0.23 – 7.07 0.75 

University Overseas 4 (10.3) 35 (89.7) ^   

 Australian/Chilean 3 (4.4) 65 (95.6) 2.10 0.37 – 12.09 0.40 

Postgraduate training No 7 (7.3) 89 (92.7) ^   

 Yes 1 (6.3) 15 (93.8) 1.33 0.12 – 9.77 0.95 
χ2 (3) = 1.11, p = 0.72, Nagelkerke R2 = 3%, 93.3% of the cases. 
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Table 3.10. Logistic regression model for confidence when treating MIH affected children for all OHCPs.  

 

Variables  Confident 

N = 165 (%) 

Unconfident     

N = 63 (%) 

Adjusted 

Odds Ratio 

95% CI P value 

Country  Australia  93 (83.0) 19 (17.0) ^   

 Chile  72 (62.1) 44 (37.9) 4.56 2.16 – 9.76 <0.001 

University Australian/Chilean 129 (72.9) 48 (27.1)    

 Overseas 34 (73.9) 12 (26.1) 1.93 0.81 – 4.60 0.14 

Postgraduate training Yes 43 (74.1) 15 (25.9) ^   

 No 121 (72.0) 47 (28.0) 1.72 0.82 – 3.59 0.15 
χ2(3)=18.20, p<0.001, Nagelkerke R2 =  11%, 73.9% of the cases. 

 

Table 3.11. Logistic regression model for confidence when treating MIH affected children for Australian OHCPs.  

 

Variables  Confident 

N = 93 (%) 

Unconfident     

N = 19 (%) 

Adjusted 

Odds Ratio 

95% CI P value 

Qualification OHTs 59 (90.8) 6 (9.2) ^   

 GDPs  34 (72.3) 13 (27.7) 7.53 1.95 – 29.07 0.003 

University Australian/Chilean 59 (85.5) 10 (14.5)    

 Overseas 32 (82.1) 7 (17.9) 0.53 0.15 – 1.80 0.30 

Postgraduate training Yes 13 (76.5) 4 (23.5) ^   

 No 80 (84.2) 15 (15.8) 1.29 0.29 – 5.73 0.74 
χ2(3)=10.28, p = 0.02, Nagelkerke R2 = 16%, 84% of the cases. 
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Introduction and methods 

Introduction 

The most frequently diagnosed oral health condition amongst children around the 

world is dental caries.1,2  Despite the preventable nature of dental caries, untreated 

carious lesions in permanent teeth remain the most prevalent chronic disease, 

affecting 35% of the global population, whilst untreated carious lesions in the primary 

dentition affects 621 million children worldwide.1  Dental caries affects children’s 

general development, well-being and quality of life.3  This chronic disease also 

involves enormous costs for the family, society and public health systems.3-5 

The aetiology of dental caries is multi-factorial, involving complex interactions 

between the commensal oral biofilm bacteria and associated risk or protective factors, 

such as diet, behaviour, oral hygiene, genetics, host-susceptibility characteristics and 

socio-economic factors.6,7  Demarcated hypomineralised lesions of enamel are a 

relevant but under-recognised risk factor for carious lesion development, and they 

may have an impact on caries prevalence, lesion severity and treatment needs, in both 

primary and permanent dentitions.8-13  

Microstructural and histological characterisation studies have determined that DHL 

are well-defined areas of porous enamel - with less organised enamel crystals, higher 

carbon and protein content, and lower mineral density - distributed through the entire 

thickness of the enamel.14-22  These adverse features cause affected teeth to be highly 

susceptible to development of carious lesions, sensitivity and PEB.23  

As detailed in Chapter 2, two distinct presentations of DHL exist, i.e. MIH and 

HSPM.24-26  However, evidence has shown that any tooth may be affected by DHL.27-

29  Unfortunately, retrospective epidemiological and laboratory studies, attempting to 

determine the aetiological factors related to DHL, have not found clear evidence 

regarding specific causative factors.30,31 

The proportion of caries experience that may be associated with DHL has been 

largely underestimated in the literature and a limited number of reports have 

highlighted this association.9,25,29,32  A distinct caries pattern has been reported in 

relation with DHL;33,34 therefore, recording both the caries experience and carious 

lesion severity may be a practical way for identifying the prevalence of carious 
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lesions related to DHL, which would be less preventable than ‘classical’ carious 

lesions. 

Developmental DHL may represent a major risk factor for children from low caries-

risk communities.32  In high caries-risk communities, severe carious lesions may mask 

the presence of DHL due to destruction of the remnant hypomineralised tissue.23  To 

test these two hypotheses, it is therefore relevant to determine the extent of the impact 

that DHL have on caries experience in different caries-risk populations.  

Thus, the present study has adopted an international approach, as a comparative study 

between Australia (Melbourne city) and Chile (Talca city).  In these communities 

with different caries experience, the prevalence of DHL is practically unrecognised.  

In Australia, 45% of 12 year-old children have experience of dental caries (DMFT = 

1.1 teeth) compared to Chile where 70% of the children have experience of dental 

caries (DMFT = 1.9 teeth).35,36  At a city level, Talca is in the Maule region that has 

the highest dmft  (4.6 teeth) at 6 years of age in Chile with 80% prevalence.37  In 

Victoria, a 6 year-old caries experience of dmft = 2.7 teeth has been reported amongst 

child users of public dental services.38  This State average is higher than the reported 

dmft of 1.7 teeth amongst 5 and 6 year-old children from urban Melbourne.39 

The present study aims to determine caries experience and the association between 

caries experience and DHL, in 6 to 12 year-old schoolchildren from Melbourne, 

Australia and Talca, Chile.  

The present thesis chapter consists of five sections.  The first section describes the 

selected methodology, ethical considerations, description of the study areas, sample 

size estimations, the recruitment of participants, carious lesions and defects diagnostic 

criteria, along with the description of the statistical analyses conducted to interpret the 

results.  As carious lesion and DHL epidemiological characteristics are meaningful 

information for local health authorities, researchers and communities, results are 

illustrated separately.  Firstly, results obtained from Melbourne are described and then 

the results from Talca are reported.  Subsequently, a summarised cross-country 

comparison is presented.  The final section involves the interpretation and discussion 

of the results, and the conclusion obtained from the clinical data. 
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Materials and methods 

Ethical considerations 

Ethical approval was obtained from the HREC of UoM.  Permission from The 

Department of Education and Training (DET), State of Victoria, Evaluation and 

Analytics Branch and from The Catholic Education Office Melbourne (CEOM) was 

granted to conduct a cross-sectional dental screening survey amongst schoolchildren 

in Melbourne (Appendix 4.1 & 4.2).  After minor modifications, the program was 

endorsed by the HREC on 30th October 2013 (HREC No 1340244, Appendix 4.3).  

Amendments were submitted to HREC, and subsequently accepted on 17th September 

2014 and 4th of June 2015 (Appendix 4.4 & 4.5).  In Talca, Utal’s Bioethics 

Committee approved the project on 11th November 2013 (No 2013-062, Appendix 

4.6).   

Procter & Gamble (Frenchs Forest, NSW, Australia) offered Oral-B toothbrushes and 

toothpastes to all participants.  The company had no influence or impact on the 

present study apart from this donation.  Participation in the research project was 

voluntary with no monetary incentive.  Children’s parents/guardians had the right to 

withdraw from the project without explanation and to withdraw any unprocessed data 

that they had given.  De-identifying all data prior to analysis ensured the privacy of 

the participants.  Images recorded of the children’s teeth did not identify individuals. 

The clinical data were collected via voice records and later, on the same day of 

examination, were transcribed onto paper.  Subsequently, paper-based demographic 

questionnaire and clinical records sheets were transferred to password-protected 

computer files for data analysis.  The original examination forms, consent forms and 

questionnaires were stored in a locked cupboard in the Melbourne Dental School and 

they will remain intact for a period of at least five years from the date of any 

publication or release of the research findings, after which time they will be 

destroyed.  
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Geographic context 

The present international study has a cross-sectional design. The convenience sample 

derived from the selected study cities, Melbourne and Talca. These cities 

corresponded to the student researcher’s study town and home town, respectively.  All 

documents were translated to Spanish by the student researcher (KG) who is a native 

Spanish speaker.  

In Australia, the study was conducted in inner metropolitan Melbourne, the capital 

city of the State of Victoria, and 2nd largest city in Australia.  At June 2015, there 

were an estimated 4.53 million people residing in Melbourne.40  The sample was 

derived from catholic and state primary schools located in the eight most central 

Local Government Areas (LGAs), which included the City of Melbourne, City of 

Maribyrnong, City of Yarra, City of Stonington, Port Phillip City Council, Moonee 

Valley City Council, Moreland City Council & Darebin City Councils (Figure 4.1). 

 

 

Figure 4.1. Local Government Areas (marked in red) visited during the present study 

in Melbourne City, Victoria, Australia. 

 

In Chile, data collection was conducted in Talca, the capital city of the Maule region.  

Data from the latest Chilean census in 2012 indicated an estimated number of 249,993 

people residing in Talca city (Figure 4.2).  The sample was derived from private, 

subsidised and public schools registered with the regional education secretary.  

Chilean subsidised and public schools receive financial support from the government, 

but subsidised schools are managed by private parties, whereas public schools are 

managed by local municipalities.41 
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The selected communities have a similar concentration of fluoride in the reticulated 

water supply (i.e. Talca 0.9 ppm and Melbourne approximately 1 ppm). 

 

 

 

 

 

Figure 4.2. Talca, capital city of Maule region, Chile. 

 

Sample calculation (prevalence of DHL) 

For proportional sample calculation it was necessary to determine the confidence 

interval (margin of error), the confidence level (desired level of certainty) and the 

estimated prevalence rates.42  Proportional and comparative sample size calculations 

were performed using G*Power Version 3.1.9.2 (©Franz Faul, Edgar Erdfelder, 

Albert-Georg Lang, and Axel Buchner, 2006, 2009).43   

Melbourne 

The estimated prevalence of the main response variable (i.e. DHL prevalence) of the 

present study is based on the available data reported in the literature.  The 

approximate percentage of children with MIH in Australia is based on 22%.44  The 

estimated proportion of children with HSPM is 14%.45    

A margin of error of up to 10% is acceptable to conduct prevalence studies of DHL.28 

Yet, the present clinical study considered a smaller error (5%) to increase precision.  

The anticipated level of confidence was set at the 95%, which may assure that 95% of 

the true percentage of the population would be between the estimated prevalence 
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proportions with a precision of 5%. 

Therefore, the minimum participant requirements for conducting a cross-sectional 

prevalence study on MIH (22%) and HSPM (14%) with a proportion error estimation 

of 5% of the real value at 95% level of confidence are N = 264 and 186, respectively.  

Because the present study used a cluster sample derived from the selection of schools, 

the design effect (deff) must also be included in the sample calculation.  The deff is 

the ratio of the variance under cluster sampling to the variance computed under the 

assumption of simple random sampling.  In previous studies the deff usually ranged 

from 1 to 2, to correct the fact of not using the whole population.45,46 A deff of 1.2 

was estimated for this sample giving a sample size of N = 317 children for MIH and 

N = 223 children the prevalence of HSPM.  This deff was estimated because the 

clusters (schools) selected in Melbourne are likely to be similar.  The highest number 

was selected as the required sample size to determine the prevalence of children with 

DHL in general (N = 317).  According to a recently published standardised protocol 

for epidemiological reports of enamel defects, at least 300 children should be 

recruited randomly for collecting data in prevalence studies.28  

To obtain a final sample size, the expected response rate must be taken into account.  

In the text above, a perfect response rate is assumed.  Nevertheless, as shown in the 

initial approach to schools, a very low number of invited students’ parents/guardians 

agreed to participate; therefore, to allow the calculated final sample size of 317 to be 

obtained, all students from grade 1 to 6 in each selected school were invited to 

participate in this clinical study (N = 1585). 

Talca  

The sample estimation for MIH is based on a previous prevalence report of 13% in 

schoolchildren from Santiago, Chile.47  As there were no reports available on the 

prevalence of children with HSPM, the expected prevalence was the same as reported 

for the Melbourne sample (14%).45  Therefore, using the estimated MIH and HSPM 

prevalence rates within 5% of the real value, with 95% confidence, the required 

sample size was N = 174 and N = 186 participants, respectively.  The correction for 

cluster-sampling method is higher in Talca, as fewer possibilities of including more 

clusters (schools) in the sample were available.  Thus, a deff of 2.5 was calculated, 

giving a final sample of N = 435 children for MIH and N = 465 participants for 
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HSPM.  Similar to the Melbourne sample, the highest number was considered as the 

necessary sample size to determine the prevalence of children with DHL at large.  In 

addition, due to the lack of information to calculate the expected response rate, all the 

children from grade 1 to 6 in each selected school were invited to participate in this 

study (N = 1150).  

Dental caries sample calculation 

A previous study determined a mean difference of 1.5 teeth in the DMFT between 

MIH affected and non-affected children, with a standard deviation of 1.4 teeth.9  The 

sample size calculation indicated that, with 80% power, a moderate effect size of 0.5 

and 5% of error, the required sample size for caries comparisons between MIH 

affected and non-affected children is N = 51 per group. 

Hence, the calculated sample size for the comparisons of DMFT per group is smaller 

than the estimated number of children that may be affected with MIH (70 children in 

Melbourne and 60 children in Talca).  For that reason, the total sample size 

determined for the prevalence of children with DHL is also adequate for the 

comparison of the caries experience between the children affected and non-affected 

by hypomineralisation in both countries. 

Predictive models sample calculation 

It is also relevant to calculate the sample size for predictive statistical models.  Firstly, 

the appropriate sample size to compare the prevalence of children with HSPM 

between MIH affected and non-affected groups was calculated, assuming a total 

prevalence of 14% of children with HSPM.45  It was also assumed that approximately 

32% of children with HSPM may develop MIH as well, compared with only 6% of 

those who do not present HSPM, giving an estimated odds ratio of 7 (e.g. HSPM 

increases seven times the likelihood of presenting MIH).48  Therefore, the minimum 

sample size of children that would need to be examined to determine whether the 

presence of HSPM is associated with MIH or not, with 80% power and 5% precision, 

is N = 125. 

On the other hand, it was also important to determine if the presence of DHL (global 

average of 16% of children approximately) was associated with caries experience.49  

The sample calculation was performed following a previous study reporting that 46% 
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of children with MIH had experience of dental caries in their permanent dentition 

(DMFT > 0) compared with only 20% of those who did not present with MIH.11  The 

sample size for this model was calculated with 80% power, 5% precision and an odds 

ratio of 3.4 (i.e. DHL increases the likelihood of caries experience 3.4 times).11  

Consequently, the minimum number of children necessary to include in the present 

study to determine the association between DHL presence and caries experience was 

N = 181. 

In summary, the calculated number of participants required for both predictive and 

comparative analyses was lower than the estimated number of participants necessary 

for the general prevalence determination of children with DHL.  Therefore, the largest 

estimated sample sizes were selected for the present study, represented by the sample 

size required for Melbourne (N = 317) and the sample size required for Talca (N = 

465), giving a total sample size of N = 773 participants. 

Sampling procedures 

To achieve the aims of the present study taking into consideration funding and time 

available, participating primary schools from the Melbourne targeted areas included 

primary schools with fewer than 300 students enrolled.  The students from grade 1 to 

6 were invited to participate, which matches with the age range selected for the 

present study (6 to 12 years old).  A total of 41 state primary schools were identified 

from the list available from DET in eight LGAs.  Thirty-five schools were randomly 

selected using Microsoft® Excel® (version 14.0, Microsoft Corporation, WA, USA) 

and invited to participate; two catholic schools and nine public schools accepted the 

invitation.  

In Talca, one school from each school sector was selected randomly from the school 

list (N = 61) available at the regional education secretary, in other words, one public, 

one private, one subsidised school with co-payment and one subsidised school 

without co-payment were selected and invited to voluntarily participate in the present 

study.  

Recruitment of participants 

Primary schools in both countries were approached in a similar manner.  The student 

researcher (KG) contacted the school principal with an invitation letter or email.  
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Prior to sending the school invitation, the DET regional offices for North-Eastern, 

North-Western, South-Eastern and South-Western Victorian regions were advised that 

primary schools in their area may be consulted about participating in the present 

research project.  A copy of the plain language statement (PLS) for the primary school 

was sent to each respective office.  Those schools considering involvement were 

provided with a PLS outlining the project (Appendix 4.7).  

Once permission had been obtained from school principals, the teachers were asked to 

distribute the PLS to parents/guardians (Appendix 4.8) inviting them and their 

children to participate in the clinical study.  Children also received a PLS specially 

designed for them (Appendix 4.9).  Parents/guardians wanting to participate were 

required to complete a written consent form (Appendix 4.10) and a summarised socio-

demographic questionnaire (Appendix 4.11).  These were either returned to their 

school in the sealed envelopes distributed or returned electronically, by scanning the 

completed forms and e-mailing them to the project e-mail: 

teethschoolchildren@gmail.com.  The student researcher was the only person with 

password-protected access to this e-mail account. 

No monetary compensation was provided to participants, although children received a 

toothbrush and toothpaste as a sign of appreciation for their participation. 

Study procedure 

The present clinical study consisted of three quantitative components: 

• Socio-demographic information: a parentally completed questionnaire, which 

contained basic socio-demographic details and a summary of dental visit 

information. 

• Dental and clinical assessment including the clinical examination of all 

erupted teeth for hypoplasia and diffuse opacities, and more detailed 

information regarding DHL, based on a recently published charting protocol 

derived from the EAPD + mDDE.  A full-mouth caries assessment was 

performed using the ICDAS II criteria, and in addition the DMFT/dmft and 

PUFA/pufa index were calculated.  

• Photographic material: an intraoral camera (SOPROlife®, Le Ciotat, France) 

was tested in the sample to develop imaging analyses of DHL affected teeth.  

Findings from this component are described in Chapter 6. 

mailto:teethschoolchildren@gmail.com
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Inclusion and exclusion criteria of the study population 

 Inclusion criteria 

- Children having at least one first permanent molar erupted or partially erupted 

(entire occlusal surface visible) and present at school on the day of examination. 

Exclusion criteria 

- Children with Amelogenesis Imperfecta, tetracycline staining, or undergoing fixed 

orthodontic treatment at the time of assessment. 

- Any child who was upset behaviourally was excluded from the study. 

Calibration 

Before initiation of the study, a calibration exercise in diagnosing DDE and carious 

lesions was carried out for the student researcher (KG) with the aid of experienced 

trained examiners at the Melbourne Dental School.  The ICDAS II Criteria Manual 

and the PUFA/pufa publication were reviewed in conjunction with training sessions, 

which involved slide presentations and discussion of scoring codes.50,51  The student 

researcher was trained in the recording of DDE using a pioneer scoring system 

developed by experts from Australia and the Netherlands.  This system represents a 

combination of the EAPD judgement criteria and the mDDE index.29  A total of 20 

images were analysed in two attempts.  Kappa values ranged from 72.2% to 94.4% 

representing substantial and almost perfect agreement for carious lesions (ICDAS II 

and PUFA/pufa) and DHL scores (EAPD and mDDE).52 

Immediately after the completion of the study, reproducibility of the scores for DDE 

and carious lesions was tested using forty-training exercises derived from images 

recorded in the present study, with kappa values ranging from 90 to 94%. After 4 

weeks of collecting data, the intra-examiner coefficient values indicated almost 

perfect agreement (87%). 

Data collection 

In Melbourne, attributable to various modifications of the research protocol, data 

collection was conducted in two stages: from June to July 2014 and from July to 

October 2015.  In Talca, data collection was extended from November 2014 to mid-
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December 2014.  Specific dates were organised with primary school principals for 

dental examinations.  Once the participation of the school was confirmed, information 

regarding the project was mailed to OHCPs (Appendix 4.12) working at the 

Community Dental Health Clinics and CESFAM most proximate to the school. 

Dental examination 

The clinical dental examination of children whose parents/guardians consented to 

their participation lasted approximately ten minutes.  This clinical examination was 

performed in any room available at the school with the aid of a voice-recording 

device and a data sheet designed for that purpose.  

Children were asked to brush their teeth before the examination with a new 

toothbrush and fluoridated toothpaste.  The teeth were dried using sterile cotton rolls 

and examined with the aid of an external light source (Light-Tech®, Florida, USA) 

and disposable examination kits.  If needed, a disposable dental sickle probe was used 

to gently remove any remaining plaque or debris and detect surface contour, enamel 

or dentine cavitation, the presence or absence of sealants, or restorations.  The 

children were examined sitting in a chair.  The buccal, occlusal and lingual / palatal 

surfaces of all the teeth were evaluated by one examiner (KG).  Data for the 

permanent and primary dentition, if present, were recorded on audio and subsequently 

transferred to the field record sheet on the same day of examination (Appendix 4.13).  

This method is similar to a previous protocol reported in the exploration of caries 

experience in children also performed by a single examiner.53  An intraoral 

SOPROlife® camera was used to capture white and fluorescence photographs for 

calibration purposes and for image analyses (Chapter 6).  At least three days were 

designated to collect data in each school; children who were absent on their normal 

days of attendance or parents who wanted to be present for the dental examinations 

were often provided with further opportunities to participate. 

After dental examination, parents/guardians received a confidential report of their 

child’s examination outcome (Appendix 4.14).  This guideline indicated an 

appropriate time-frame to seek dental care (if required) depending on the severity of 

the oral health condition observed.  These reports also indicated the contact details of 

the closest public dental service. 
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Study variables 

Socio-demographic factors 

1. Sex: categorised in female and male participants. 

2. Age: the present study involved children aged from 6 to 12 years old.  The 

variable “age” was divided into three groups: a) 6 and 7 years old, b) 8 and 9 

years old, and c) 10 to 12 years old.  These categories were divided according 

to the following circumstances: 1) primary schooling in Chile commences at 

six years of age, i.e. Grade 1; therefore, to build more comparable analyses 

between communities, children attending the preparatory class in schools from 

Melbourne, representing five year-old students, were excluded, and 2) there 

was a reduced number of participants aged 12 years old. 

3. Type of school: this variable was considered as a proxy measure for socio-

economic status (SES).  In Melbourne, ‘type of school’ was classified 

according to the Index of Community Socio-Educational Advantage 

(ICSEA).54  This index is a scale representing the students’ educational 

advantage that was constructed based on several factors that influence 

children’s academic performance, such as parental education, parental 

occupation, socio-economic background and school characteristics.  This scale 

has a median of 1000 and values usually range from 500 (representing schools 

with very disadvantaged backgrounds) to 1300 (very advantaged 

backgrounds).54  Thus, three groups with a similar number of students were 

created, a) ICSEA index values lower than 1025, b) ICSEA index value from 

1025 to 1055, and c) ICSEA index values higher than 1055.  In Talca, type of 

school considered four groups a) private school, b) subsidised with co-

payment, c) subsidised without co-payment and d) public school.  This 

classification of school sectors has been reported to be linked to socio-

economic segregation in Chile.55  Thus, similar categorisation has been found 

in Chilean literature, where type of school was related with either caries 

experience or MIH prevalence.36,47  For comparative multivariate analyses, 

including both countries, the type of school was standardised as high, middle 

and low SES.  For Chilean sample, the low SES category incorporated the 

public school and the subsidised school without co-payments. 

4. Residency urban or rural applied only to Chilean participants 
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5. Type of health cover: this variable also related to Chilean participants 

exclusively, and it was categorised as a) public and b) private. 

6. Place of birth: this variable was a proxy measure to identify the participants’ 

migration status.  It was applicable only to Australian participants, defined as 

a) Australia, and b) overseas.  

7. Have seen a dental practitioner before?  The answer was a) Yes or b) No. 

8. Main reason for dental visits was classified as a) routine check-ups and b) 

emergency treatment. 

Clinical data 

1. Carious lesion prevalence: the carious lesions were assessed using the ICDAS 

II scoring criteria (Appendix 4.15).  In summary, Code 0 identified sound 

surfaces, the Codes 2 to 6 describes the actual carious lesions and Codes 7, 8 

and 9 corresponded to restorations, missing due to caries and missing due to 

other reasons, respectively.  Later, the merged codes were used for further 

analysis.  These included Code A, Code B and Code C representing initial 

carious lesions (Code 2), established carious lesions (Code 3 and Code 4) and 

severe carious lesions (Code 5 and Code 6), respectively.  Code 1 defined as: 

"after prolonged air-drying a carious opacity or discolouration is visible” was 

excluded from the present study analysis due to lack of access to compressed 

air.51  Past epidemiological reports have supported this exclusion, based on the 

principle that the same preventive treatment needs are required for Codes 1 

and 2 despite their slight histological differences.56,57  Thus, the recording of 

Code 1 in epidemiological studies may be irrelevant.56  Where approximal 

carious lesions were suspected, transillumination with SOPROlife® of all 

interproximal areas was conducted to improve the reliability of the dental 

caries detection.  In the cases where more than one carious lesion was present 

on a surface, the most severe lesion was recorded.  Subsequently, with the data 

collected, the DMFT/dmft index and a modified version of D2MFT/d2mft 

index were calculated (Appendix 4.16).58  The latter provides a complete 

caries experience including early stage carious lesions (Code 2) in enamel as 

well as all cavitated lesions.59  The Significant Caries Index (SiC) was also 

calculated.  This index indicates the mean values of the DMFT and dmft of the 

tercile of the population with the highest caries experience.60,61  For caries 
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prevalence data, the highest ICDAS II code encountered determined the 

ICDAS II score per child.  For all measures, the permanent and primary 

dentitions were considered.  

2. Consequences of untreated carious lesions: the PUFA/pufa index was included 

to evaluate the clinical impact of untreated carious lesions.  The upper case 

codes indicated the permanent dentition and the lower cases indicated the 

primary dentition.  Code P/p was recorded when the pulpal chamber was 

visible or when only root fragments were left.  Code U⁄u: ulceration as a result 

of trauma from sharp pieces of root.  Code F/f indicated the presence of 

fistula.  Code A/a indicated presence of abscess.  The PUFA or pufa 

experience of a person or of a population was calculated in the same way as 

DMFT/dmft index.  The permanent and primary dentitions were reported 

separately.  The PUFA + pufa prevalence was calculated as the proportion of 

the population reporting one or more teeth scored with a PUFA and/or pufa 

greater than zero.  Finally, the PUFA/pufa ratio is the proportion of cavitated 

carious lesions that have progressed to a pulpal complication, calculated as 

[(PUFA+pufa)/(D+d)] x 100.50 

3. Developmental defects of enamel: enamel defect diagnosis was based on an 

index published recently by Ghanim et al. (2015).29  In the chart a two-digit 

code was recorded.  First digit indicated the type and severity of DHL ranging 

from 0 – ‘sound’ to 9 – ‘missing’ due to DHL.  The second digit was related to 

the extent of the lesion, 1) ‘less than 1/3 of the surface’, 2) ‘between 1/3 and 

2/3’ and 3) ‘higher than 2/3 of the tooth surface’.  Other options included were 

the presence of diffuse opacities and hypoplasia or impossible to be scored 

(Appendix 4.17).  The buccal, occlusal, and lingual ⁄ palatal surfaces of all 

teeth were evaluated for demarcated hypomineralisation lesions.  The severity 

was categorised as “mild” when only the presence of intact enamel opacity 

was detected, and “moderate/severe” when enamel breakdown was present, 

whether involving enamel only or enamel and dentine.  Additionally, teeth 

with atypical restorations, atypical carious lesions and missing due to DHL 

were diagnosed as moderately/severely affected.  Atypical carious lesions and 

atypical restorations were recorded when their severity or extent did not 

correspond with the integral caries-risk of the child and other teeth were 

affected by DHL.  Lesions were considered as atypical when the borders of 
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the carious lesions or the restorations had classical hypomineralisation 

characteristics.  Where a molar had been extracted and other corresponding 

molars were affected by DHL, it was assumed that the extraction was the 

direct result of DHL.  In cases of uncertainty regarding lesion severity, the less 

severe score was recorded.  If more than one DDE type affected a single tooth 

surface, both were recorded, and the extent incorporated the combined size of 

all the lesions on that surface.  Enamel defects less than two millimetres in 

diameter were not recorded.  At the individual level, the most severe defect 

encountered determined the severity and extent of the hypomineralisation. 

Statistical analysis 

Data analyses were computed using SPSS version 22 (IBM, NY, USA).  Descriptive 

statistics of the prevalence and distribution of the data were determined.  Chi-square 

(χ2) and Fisher’s exact statistics were used for testing differences between categorical 

groups in relation to the categorical independent variables.  Wilcoxon Signed Rank 

tests (Z) were used to compare paired samples, for example, DMFT vs. D2MFT and 

dmft vs. d2mft.  T-tests were utilised to contrast the SiC values between countries.  

Kruskal-Wallis tests (H) were used to determine statistically significant differences 

between the number of the caries-affected permanent and primary teeth (i.e. DMFT, 

dmft, D2MFT, d2mft, PUFA, pufa) in relation to the independent variables.  Most of 

the data regarding DMFT/dmft and PUFA/pufa did not meet the normality 

assumptions and the majority of the statistical analyses corresponded to non-

parametric tests.  However, for illustrative purposes, the means values were 

documented and univariate linear models were computed to assess the variations in 

DMFT/dmft index by a set of independent variables.  In order to determine variations 

in the population, the sample was dichotomised: those diagnosed with DHL were 

referred as ‘DHL-affected’ and those who did not have hypomineralisation were 

defined as ‘non-affected’.  Similar procedures were conducted for individuals with or 

without caries experience, with or without MIH and for those with or without HSPM.  

Binary logistic regression models were used to determine the relative importance of 

the independent variables on DHL and dental caries occurrence.  Adjusted Odds 

Ratios (OR) with 95% test-based confidence intervals (CI) were described.  

Comparative analyses were conducted to determine DHL severity and treatment 

needs at tooth level between countries.  Some children had more than one tooth 
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affected and the dependent variables were binary (e.g. mild vs. severe and treated vs. 

untreated); therefore, comparative analyses used generalised estimating equations 

(GEE) and included Child_ID as clusters and Tooth_ID as unit of analysis.  Teeth and 

children were added, as one and two-level variables respectively.  These models also 

expressed the OR between categories.  In comparative analyses at child level, an 

additional variable ‘country*DHL’ was created to test the interaction between country 

and defects upon the caries prevalence and severity.  This variable was dichotomised 

in ‘Chilean with DHL’ (i.e. MIH, HSPM or DHL) and ‘others’.  Finally, an ordinal 

logistic regression was also conducted to test the association between the independent 

variables and the ordinal dependent variable (merged ICDAS II: Code A, B and C).  

The assumptions for binary and ordinal logistic regression were tested and met.  For 

example, the variance inflation factors (VIF) were examined to assess 

multicollinearity between independent variables, values ranged from 1 to 1.5 

indicating low multicollinearity.  The test for parallel lines was conducted to evaluate 

the proportional odds assumption; results demonstrated that this test was not 

significant (p > 0.05), concluding that the assumption holds.  The list of independent 

variables was selected according to the threshold of p < 0.2 obtained during the 

bivariate analyses.  The stepwise procedure entered explanatory variables with a 

statistically significant overall test.  Missing data were few and they were randomly 

distributed in the sample (missing completely at random - MCAR test p > 0.05).  

Missing data were excluded case-wise from the analyses.  The results were considered 

significant at an alpha level < 0.05.   
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Participation rate and demographics 

A total of eleven schools, including two catholic schools and nine state schools, 

accepted to collaborate in the present clinical research project and all students from 

year 1 to 6 were invited to participate (N = 1585).  A total of 371 from 1585 six to 

twelve year-old children had their parents/guardian consent to participate in this 

study, and 327 children were examined.  The consent rate was 23.4% (371/1585) and 

the examination rate was 88% (327/371).  Of the study population, 36.1% (N = 118) 

were aged 8 – 9 y, followed by the 6 – 7 year-old group (33.9%, N = 111), whilst the 

10 – 12 year-old group comprised 30% (N = 98) of participants.  More than half of 

the children examined were males (52.9%, N = 173).  Approximately one third of the 

study sample was distributed in each school type.  The majority of children were born 

in Australia (59.5%, N = 194).  More than 90% of the participants had visited a dental 

practitioner previously (N = 284) and the most reported reason for dental visits was 

routine check-ups (86.1%, N = 241) (Table 4.1). 

Caries experience  

The DMFT of the Melbourne sample was 0.68 (s.d. 1.49) teeth.  When reported in the 

adapted D2MFT, the value increased to 0.79 (s.d. 1.67) teeth.  This incremental 

difference was statistically significant (Z = 4.71, p < 0.001).  The DMFS was 0.93 

(s.d. 2.11) surfaces; and SiC index for DMFT was 2.03 (s.d. 1.98) teeth. 

Statistically significant differences were found between the DMFT values and socio-

demographic factors using bivariate analyses.  The DMFT values differed according 

to age group (H(2) = 13.24, p = 0.001), the type of school (H(2) = 10.33, p = 0.006) 

and place of birth (H(1) = 11.68, p = 0.001).  The D2MFT and DMFS followed a 

similar pattern to DMFT in the statistical results between explored socio-demographic 

factors (Table 4.2). 

For the caries experience in the primary dentition, the average dmft was 1.66 (s.d. 

2.58) teeth.  When converted to the adapted d2mft, this value also increased 

significantly to 1.71 teeth (s.d. 2.62, Z = 3.27, p = 0.001).  The dmfs was 3.43 (s.d. 

6.23) surfaces.  The SiC index value for dmft was 4.62 (s.d. 2.55) teeth (Table 4.2). 

Bivariate analyses demonstrated that socio-demographic factors such as age group 

(H(2) = 15.63, p < 0.001), type of school (H(2) = 7.24, p = 0.03), place of birth (H(1) 



136  

= 12.73, p < 0.001) and reason for dental visits (H(1) = 5.63 p = 0.02) have a 

significant statistical effect on the dmft.  Similar variations were described in the 

d2mft and dmfs values (Table 4.2)   

When the association between socio-demographic factors and caries experience were 

analysed by logistic regression, age and place of birth had a statistically significant 

influence in the caries experience in the permanent dentition (DMFT higher than 

zero) (Table 4.3).  Participants who were born overseas had more than twice the 

likelihood for having caries experience in the permanent dentition compared to 

children born in Australia (OR 2.58, 95% CI 1.42-4.67, p = 0.002).  This model was 

statistically significant and explained 17% of the variance (χ2(7) = 33.29, p<0.001, 

Nagelkerke 17%).  

Age and place of birth were also associated with higher odds for caries experience in 

the primary dentition when selected socio-demographic factors were controlled (Table 

4.4).  Participants born overseas had double likelihood of caries experience in the 

primary dentition when compared with children born in Australia (OR = 1.93, 95% CI 

1.14 – 3.27, p = 0.01).  Similar to the permanent dentition, the model was statistically 

significant and explained 11% of the variance (χ2(7) = 24.87, p = 0.001, Nagelkerke 

11%) 

Caries prevalence 

When representing the caries prevalence in both dentitions using ICDAS II scores, the 

proportion of children with Code 0 was 51.7% (N = 169).  Code 3 was the most 

frequent ICDAS II caries code encountered (14.4%, N = 37), followed by Code 4 

(11.3%, N = 37).  Using bivariate analyses, statistically significant differences were 

found only with place of birth (χ2(5) = 25.48, p<0.001). This was demonstrated by the 

fact that children born overseas had a lower prevalence of Code 0 (37.1%, N = 49), 

whereas the majority of children born in Australia (61.3%, N = 119) did not have 

detectable carious lesions (Table 4.5). 

Place of birth was confirmed as the only socio-demographic factor that was positively 

associated with caries prevalence for both dentitions by a binary regression model 

(Table 4.6).  Children born overseas had almost three times higher likelihood of 

ICDAS II higher than zero than children born locally (OR = 2.65, 95% CI 1.58 – 

4.44, p < 0.001).  This logistic regression model were statistically significant and 
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explained 8% of the variance (χ2(7) = 17.91, p = 0.01, Nagelkerke 8%) in the caries 

prevalence. 

Linear regression models evaluated the variations of the DMFT and dmft according to 

ICDAS II merged scores and age groups (Table 4.7).  In summary, the existence of a 

merged ICDAS II code expressing increased carious lesion severity predicted an 

elevated DMFT or dmft per age group (p < 0.001).   

Pulpal involvement 

The PUFA and pufa experience for the Melbourne study population were 0.01 (s.d. 

0.08) teeth and 0.20 (s.d. 0.92) teeth, respectively.  Almost 100% of teeth included to 

calculate these indices were scored as P or p.  Bivariate analysis demonstrated that the 

PUFA experience did not show statistically significant differences between socio-

demographic factors (Table 4.8).  In contrast, the pufa experience was statistically 

different between age groups (H(2) = 6.34, p = 0.04), place of birth (H(1) = 15.70, p < 

0.001) and dental visits (H(1) = 5.26, p = 0.02).  The PUFA/pufa ratio was 9.04%, 

which did not differ due to socio-demographic factors.  However, the PUFA + pufa 

prevalence was statistically significantly different according to age (χ2(2) = 8.10, p = 

0.02), place of birth (χ2(1) = 12.83, p < 0.001) and dental visits (χ2(1) = 4.17, p = 

0.04).  

Within a binary logistic model, socio-demographic factors associated with the PUFA 

+ pufa prevalence were found (Table 4.9).  Age and place of birth significantly 

predicted the presence of PUFA + pufa prevalence (χ2(7) = 28.55, p < 0.001, 

Nagelkerke 22%).  Children who were born overseas had five times greater odds for a 

PUFA + pufa prevalence higher than zero (OR = 4.95, 95% CI 1.94 – 12.65, p = 

0.001) than Australia-born children. 

Distribution of developmental defects of enamel 

Fifteen children (4.6%) had diffuse opacities and five children (1.5%) had enamel 

hypoplasia.  The proportion of children diagnosed with an enamel defect was 31.8% 

(N = 104).  The most prevalent defect was DHL (26.9%, N = 88).  There were no 

statistically significant differences in the prevalence of these defects by socio-

demographic factors (Table 4.10). 
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From the total Melbourne sample, forty-eight (14.7%) children had MIH, with or 

without hypomineralised PIs, and twenty-six (8%) children had HSPM. Three 

children had combined lesions.   

Distribution of demarcated hypomineralised lesions of 

enamel 

The majority of children diagnosed with DHL had FPMs affected (54.5%, N = 48) 

followed by PIs (27.3%, N = 24).  Four children (4.5%) had affected premolars and 

two children (2.3%) had hypomineralised permanent canines.  Five (5.7%) children 

had SPeMs with DHL present.  The largest number of children with hypomineralised 

FPMs had only one FPM affected (47.9%, N = 23), whilst only seven children 

(14.6%) had their four FPMs affected (Table 4.11).   

In the primary dentition, twenty-six (29.5%) children had HSPM, followed by five 

(5.7%) who had hypomineralised first primary molars and three (3.4%) who presented 

affected primary canines.  Eleven children (42.3%) with HSPM had only one SPM 

affected, whereas four (15.4%) children had four SPMs affected simultaneously.  No 

lesions were detected in primary incisors, and these teeth were mostly exfoliated 

(Table 4.11).  

Type of DHL in the permanent dentition 

The distribution of the type of DHL in permanent teeth is summarised in Table 4.12.  

Amongst all the children from Melbourne, a total of 4082 permanent teeth were 

examined and 137 (3.4%) of these teeth were diagnosed with DHL.  Exclusively 

amongst those children diagnosed with hypomineralisation, the prevalence of 

hypomineralised permanent teeth reached 10.9% (137 of 1252 permanent teeth 

examined) and the mean number of teeth affected was 1.56 teeth.  Demarcated 

hypomineralised lesions of enamel were detected in all permanent tooth groups.  The 

majority of the hypomineralised permanent teeth exhibited CW demarcated lesions 

without PEB (51.1%, N = 70), followed by atypical restorations (20.4%, N = 28) and 

YB lesions with no PEB (15.3%, N = 21).  The 91.7% (N = 26) of atypical 

restorations were in FPMs and 8.3% (N = 2) were in SPeMs.  Thus, the most 

frequently affected teeth were FPMs (65%, N = 89), namely left maxillary FPMs 

(19%, N = 26), left mandibular FPMs (16.1%, N = 22), right maxillary FPMs (16.1%, 
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N = 22), and right mandibular FPMs (13.9%, N = 19).  All atypical carious lesions 

were diagnosed in FPMs.  In a similar manner, FPMs represented the largest lesion 

extent and the most severe defects.  Permanent incisors (23.4%, N = 32) were 

subsequently the most affected permanent teeth, particularly central right maxillary 

PIs (5.8%, N = 8), central left maxillary PIs (5.8%, N = 8), central left mandibular PIs 

(3.6%, N = 5) and central right mandibular PIs (3.6%, N = 5).  Ten SPeMs (7.3%), 

four premolars (2.9%) and two permanent canines (1.5%) had DHL.  One permanent 

molar was missing owing to DHL  

Type of DHL in the primary dentition 

The distribution of the type of DHL in primary hypomineralised teeth is summarised 

in Table 4.13.  An overall number of 3410 primary teeth were examined in the total 

sample and 65 teeth (2.0%) had clinical evidence of DHL.  Amongst children 

diagnosed with DHL, 7.4% (65 of 883 primary teeth examined) of the primary teeth 

presented DHL with a mean number of 0.7 primary teeth affected.  The presence of 

DHL was also demonstrated in all tooth groups, except primary incisors, which were 

exfoliated in most of the children.  Of those, the highest proportion showed atypical 

carious lesions (24.6%, N = 16), followed by CW lesions without PEB (21.5%, N = 

14) and atypical restorations (20%, N = 13).  The majority of the atypical restorations 

were diagnosed in SPMs (75.0%, N = 9), whilst 25.0% (N = 4) were found in first 

primary molars.  Thus, the primary teeth most frequently affected were SPMs (80%, 

N = 52); for example, left maxillary SPMs (23.1%, N = 15), left mandibular SPMs 

(20%, N = 13), right mandibular SPMs (18.5%, N = 12) and right maxillary SPMs 

(18.5%, N = 12).  The majority of lesions detected in SPMs comprised the major 

extent and adverse severity.  Eight (12.3%) first primary molars and five (7.7%) 

canines also had DHL, most of them of increased severity.  Four primary molars 

(6.2%) were extracted due to DHL. 

Extent of hypomineralisation 

At child level, the majority of the children presented mild demarcated lesions (52.3%, 

N = 46) and 51.1% (N = 45) had less than 1/3 of the tooth surface area involved.  No 

statistically significant relationship between socio-demographic factors and severity 

or extent of the hypomineralisation was determined.  
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The distribution of affected teeth demonstrated that a greater number of permanent 

teeth was diagnosed with lesions covering less than 1/3 of the tooth surface (63.5%, N 

= 87).  In permanent teeth with atypical restorations, lesions often affected more than 

2/3 of the tooth surface (53.6%, N = 15).  Half of atypical carious lesions in the 

primary dentition affected more than 2/3 of the tooth surface.  The highest percentage 

of affected primary teeth (41.5%, N = 27) had lesions covering less than 1/3 of the 

tooth surface. 

Characteristics of Molar Incisor Hypomineralisation (MIH) 

Hypomineralised FPMs were diagnosed in 48 children (14.7% of the total and 54.5% 

of children with DHL).  A large proportion (47.9%, N = 23) of these children had 

exclusively one FPM affected and only seven (15.6%) had four FPMs affected with or 

without hypomineralised PIs.  The majority of participants with MIH did not have any 

associated PIs affected by DHL (79.2%, N = 38), 14.6% had one hypomineralised 

incisor (N = 7) and 4.2% (N = 2) of the children had two hypomineralised PIs, 

whereas only one participant demonstrated three PIs affected.  Exactly half of the 

MIH-affected children (N = 24) had at least one FPM moderately/severely 

compromised by hypomineralisation.  The extent and severity of MIH at child level 

was not correlated with incisor involvement.  Nevertheless, the number of affected 

FPMs was related to the number of hypomineralised PIs (χ2(9) = 18.82, p = 0.03) 

(Table 4.14). 

In respect of the extent and severity of the lesions and their relationship with the 

number of hypomineralised FPMs, there was a clear increase in the extent of the 

affected area with the increasing number of affected molars (χ2(6) = 24.66, p <0.001), 

similarly with severity of the MIH clinical presentation (χ2(3) = 15.17, p = 0.002, 

Table 4.15). Increased extent (χ2(4) = 11.54, p = 0.02) and severity (χ2(2) = 7.56, p = 

0.02) of MIH also influenced that both dental arch were affected at child level (Table 

4.15).  

From the total FPMs diagnosed with DHL (N = 89), the distributions of the type of 

lesion demonstrated that left maxillary FPMs was most commonly affected by DHL 

(29.2%, N = 26).  Intact CW lesions and YB lesions affected 36.0% (N = 32) and 

18.0% (N = 16) of hypomineralised FPMs, respectively.  Post-eruptive breakdown 

either in enamel or dentine was found in four FPMs (4.4%).  One third of 
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hypomineralised FPMs had atypical restorations (29.2%, N = 26) and 11.2% (N = 10) 

had atypical carious lesions.  One left mandibular FPM was missing due to DHL.  

The majority of hypomineralised FPMs were diagnosed with mild DHL (53.9 %, N = 

48) affecting less than 1/3 of the tooth surface (52.8%, N = 47).  The largest lesion 

extent (> 2/3 of the tooth surface) and the most severe lesions were most frequently 

visible in the left mandibular FPMs.  However, the distribution of lesion extent (χ2(6) 

= 7.07, p = 0.31) and  lesion severity (χ2(3) = 2.01, p = 0.57) was similar across the 

four FPMs. 

Characteristics of Hypomineralised Second Primary Molars 

(HSPM) 

Twenty-six children were diagnosed with HSPM (8.0% of the total and 29.5% of 

DHL-affected participants).  The majority of these children (57.7%, N = 15) had more 

than one HSPM.  Nearly 70% of HSPM-affected children were classified as severely 

affected (69.2%, N = 18).  The number of affected HSPM was not associated with the 

severity or extent of the lesions (Table 4.16).  However, these parameters were 

statistically significantly related to the dental arches affected (61.1%, N = 11, χ2(2) = 

8.53, p = 0.01) (Table 4.16). Similarly, increased lesions size was most prevalent 

when maxillary and mandibular dental arches had HSPM, at the same time (63.6%, N 

= 7, χ2(4) = 12.96, p = 0.01). 

The tooth-based distribution of the type of hypomineralisation determined that the left 

maxillary SPMs were the most frequently affected by DHL (28.8%, N = 15).  The 

largest number of HSPM had atypical carious lesions (25.0%, N = 13) together with 

CW lesions (23.1%, N = 12).  Four SPMs were missing due to DHL (7.7%), whereas 

nine molars (17.3%) had atypical restorations.  Atypical restorations were mainly 

detected in maxillary HSPM.  

Different than FPMs, the majority of HSPM were diagnosed with moderate/severe 

lesions (61.5%, N = 32) with a lesion extent affecting more than 1/3 of the tooth 

surface (53.8%, N = 28).  Lesion severity (χ2(3) = 1.80, p = 0.61) as well as lesion 

extent (χ2(6) = 10.69, p = 0.10) were similarly distributed across the four SPMs. 
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Socio-demographic factors and demarcated 

hypomineralised lesions of enamel 

The logistic regression analyses demonstrated than none of the socio-demographic 

factors explored in the present study had an influence in the presence of DHL in either 

dentition.  Similar results existed for MIH and HSPM distributions (Table 4.17 – 

4.19). 

The association between MIH and HSPM 

The co-existent presence of MIH was observed in 8 of 26 HSPM-affected children 

(30.8%).  Children with HSPM demonstrated a statistically significant threefold 

increase in odds ratio for MIH (OR = 2.90, 95% CI = 1.18 - 7.11, p = 0.02) (Table 

4.20).   

Further analysis of the data in relation to the number of HSPM at child level 

demonstrated that the presence of a unique or more HSPM was not associated with 

MIH.  In terms of lesion severity, the presence of severe HSPM was insignificantly 

associated with MIH (p = 0.11). 

Caries experience and severity between DHL-affected and 

non-affected children 

Statistically significant differences between DHL-affected and non-affected groups 

were determined by bivariate analyses (Table 4.21), with higher DMFT expressed in 

affected children compared to those who were not affected (1.08 teeth vs. 0.53 teeth, 

H(1) = 16.32, p < 0.001), particularly in the DT component (0.66 teeth vs. 0.43 teeth, 

H(1) = 9.19, p = 0.002) and FT component (0.39 teeth vs. 0.09 teeth, H(1) = 17.15, p 

< 0.001).  The caries experience in the primary dentition did not differ significantly 

between groups.  A higher PUFA experience was present in the affected group 

compared to non-affected children (0.02 teeth vs. 0 teeth, H(1) = 5.45, p = 0.02).  

The caries experience in affected children compared to non-affected children 

categorised by sex was analysed using univariate linear models for each age group 

separately (Table 4.22).  The presence of DHL was a significant predictor for 

increased DMFT only for children in the 8 – 9 year old category (F(1, 118) = 3.50, p 

= 0.01) with the model explaining 9% of the variation.  Correspondingly, having DHL 
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had a statistical significant effect in the FT component for the same age group (F(1, 

118) = 4.02, p = 0.009, R2 = 10%).  In other words, female and male affected 

participants aged 8 – 9y presented higher DMFT and FT than non-affected children in 

the same age group.   

Regarding the ICDAS II caries code distribution, there was an insignificant trend that 

children with DHL had a higher proportion of ICDAS II Codes 2 to 6 (Figure 4.3).  

On the other hand, teeth affected by DHL had a higher proportion of ICDAS II Codes 

3 to 6 compared to unaffected teeth (Figure 4.4, χ2(5) = 171.83, p < 0.001).  

In hypomineralised permanent teeth, the majority had Code 0 (63.5%, N = 87).  Code 

B (14.6%, N =20) and restorations – Code 7 (17.5%, N = 24) were the ICDAS II 

codes most frequently encountered.  The majority of atypical carious lesions (90%, N 

= 9) were coded as B (Table 4.23).  The FPMs reported the 100% of all carious 

lesions scores (Codes 2 to 6), with the exception of one premolar diagnosed with 

Code B. 

In the primary teeth diagnosed with hypomineralisation, 66.2% of them presented 

ICDAS codes higher than zero (N = 43).  No Code A was present amongst 

hypomineralised primary teeth.  Code B comprised 24.6% (N = 16) of 

hypomineralised primary teeth, whereas severe carious lesions were diagnosed in 

17.0% (N = 11) of them.  All restorations (Code 7) were atypical (18.4%, N = 12).  

Exactly half of atypical carious lesions were coded C (Table 4.24).  Three 

hypomineralised first primary molars and three canines presented with detectable 

carious lesions. 

Caries prevalence and DHL 

The association between DHL, MIH and HSPM with caries prevalence (ICDAS 

higher than zero) was computed using binary regression models (Table 4.25).  

Children with DHL had a significantly higher likelihood for caries prevalence than 

those without DHL (OR = 2.06, 95% CI 1.25 – 3.40, p = 0.005).  More specifically, 

participants diagnosed with MIH demonstrated higher odds ratio for caries prevalence 

than children without MIH (OR = 1.97, 95% CI 1.04 – 3.69, p = 0.03), whereas the 

presence of HSPM did not show a statistically significant association with caries 

prevalence.  
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Dental caries and MIH 

The caries experience expressed by DMFT (1.46 teeth vs. 0.54 teeth, H(1) = 27.88, p 

< 0.001) and D2MFT was greater in MIH-affected children (1.65 teeth vs. 0.64 teeth, 

H(1) = 24.75, p < 0.001).  

The presence of MIH was evaluated as a predictor for caries experience (DMFT 

higher than zero) in the permanent dentition (Table 4.26).  MIH significantly 

increased the likelihood for caries experience (OR = 5.57, 95% CI 2.92 – 10.62, p < 

0.001) and a higher number of hypomineralised FPMs increased these odds as well 

(OR = 18.07, 95% CI 5.60 – 54.43, p < 0.001).  

Statistically significant differences existed between ICDAS II merged scores and 

MIH severity (χ2(3) = 28.18, p < 0.001). The majority of children represented by 

Code B (77.8%, N = 14) and Code C (100%, N = 3) denoted increased MIH severity 

(Table 4.27).  Regarding DHL extent and ICDAS II merged scores, statistical results 

were not significant (χ2(6) = 6.41, p = 0.38).  Statistical analyses also demonstrated no 

differences in the distribution of ICDAS II scores across the four FPMs. 

Dental caries and HSPM 

The caries experience was also statistically different between the HSPM-affected and 

non-affected groups when expressed by dmft (1.54 teeth vs. 0.77 teeth, H(1) = 9.59, p 

= 0.002) and d2mft (1.73 teeth vs. 1.05 teeth, H(1) = 8.73, p = 0.003).  

The concomitance of dmft higher than zero was observed in 21 out of 26 (80.8%) 

children with HSPM (Table 4.28).  Thus, the presence of HSPM increased the 

likelihood of occurrence of dmft higher than zero (OR = 5.91, 95% CI 2.17 – 16.11, p 

= 0.001), and children with more than one HSPM had substantially higher odds ratio 

for caries experience in the primary dentition (OR = 19.09, 95% CI 2.48 – 146.9, p = 

0.005). 

When increased severity (χ2(2) = 10.39, p = 0.006) of the lesions was diagnosed, this 

increased the caries severity score at child level (Table 4.29).  An enlarged extent had 

a similar effect upon the ICDAS II codes (χ2(4) = 12.03, p = 0.02) 
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PUFA + pufa prevalence and DHL 

Children diagnosed with HSPM of increased severity had higher odds of being 

diagnosed with at least one tooth with pulpal involvement as a consequence of 

untreated carious lesions (OR = 3.58, 95% CI 1.19 – 10.72, p = 0.02) (Table 4.30).  

 

 

 

 



146  

 

Tables Chapter 4: Results Melbourne 

Table 4.1. Socio-demographic characteristics of the sample in Melbourne, Australia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Total N (%) = 327 (100) 

Variables  

Sex  

Female 154 (47.1) 

Male 173 (52.9) 

Age group  

6-7 111 (33.9) 

8-9 118 (36.1) 

10-12 98 (30.0) 

Type of school  

ICSEA < 1025 102 (31.2) 

ICSEA 1025-1055 115 (35.2) 

ICSEA > 1055 110 (33.6) 

Place of birth  

Australia 194 (59.5) 

Overseas 132 (40.5) 

Have seen a dental 

practitioner before? 

 

Yes 284 (91.0) 

No 28 (9.0) 

Reason for dental visits  

Routine check-up 241 (86.1) 

Emergency  39 (13.9) 
Results may not add due to missing values 

ICSEA: The Index of Community Socio-educational Advantage 
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Table 4.2. Bivariate analysis on the caries experience in the permanent and primary dentition by socio-demographic factors (Melbourne). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 DMFT D2MFT DMFS dmft d2mft dmfs 

 Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) 

Variables 0.68 (1.49) 0.79 (1.67) 0.93 (2.11) 1.66 (2.58) 1.71 (2.62) 3.43 (6.23) 
Sex       
Female 0.80 (1.70) 0.93 (1.87) 1.05 (2.27) 1.49 (2.59) 1.56 (2.67) 3.03 (6.16) 
Male 0.57 (1.26) 0.66 (1.46) 0.83 (1.97) 1.82 (2.58) 1.84 (2.57) 3.80 (6.28) 
Age group       
6-7 0.26 (0.64)a 0.33 (0.79)a 0.27 (0.66)a 2.04 (3.08)a 2.11 (3.09)a 4.05 (7.06)a 
8-9 0.80 (1.74) 0.86 (1.89) 1.08 (2.32) 2.05 (2.65)b 2.09 (2.70)b 4.39 (6.99)b 
10-12 1.00 (1.74)a 1.21 (1.98)a 1.50 (2.68)a 0.78 (1.44)ab 0.80 (1.47)ab 1.58 (3.17)ab 
Type of school       
ICSEA < 1025 1.04 (1.97)a 1.25 (2.22)a 1.35 (2.62)a 2.18 (2.84)a 2.25 (2.93)a 4.49 (7.14)a 
ICSEA 1025-1055 0.63 (1.33) 0.70 (1.53) 0.94 (2.10) 1.30 (2.19)a 1.31 (2.19)a 2.64 (4.95)a 
ICSEA > 1055 0.39 (0.97)a 0.45 (0.99)a 0.53 (1.44)a 1.56 (2.66) 1.63 (2.66) 3.28 (6.44) 
Place of birth       
Australia 0.48 (1.13)^ 0.53 (1.22)^^ 0.66 (1.68)^ 1.21 (2.10)^^ 1.21 (2.10)^^ 2.50 (5.28)^ 
Overseas 0.97 (1.86)^ 1.18 (2.11)^^ 1.33 (2.58)^ 2.35 (3.05)^^ 2.45 (3.09)^^ 4.83 (7.22)^ 
Have seen a dental practitioner 

before? 
      

Yes 0.67 (1.53) 0.79 (1.72) 0.93 (2.18) 1.59 (2.51) 1.64 (2.54) 3.38 (6.30) 
No 0.57 (1.10) 0.71 (1.24) 0.71 (1.67) 2.54 (3.39) 2.61 (3.45) 4.46 (6.62) 
Reason for dental visits       
Routine check-up 0.55 (1.20) 0.67 (1.40) 0.78 (1.78) 1.37 (2.29)^ 1.42 (2.34)^ 2.66 (5.10)^ 
Emergency  1.33 (2.72) 1.44 (2.95) 1.85 (3.67) 2.41 (2.97)^ 2.44 (2.95)^ 6.36 (8.85)^ 
^^Significant p-value <0.001 and ^Significant p-value <0.05 by Kruskal-Wallis tests 

Identical superscript letters indicate p < 0.05 pairwise comparisons with Kruskal-Wallis tests  

ICSEA: The Index of Community Socio-educational Advantage 
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Table 4.3. Binary logistic regression with socio-demographic factors and caries experience in the permanent dentition (i.e. DMFT > 0) (Melbourne). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables DMFT = 0 

N = 238 

(72.8%) 

DMFT > 0 

N = 89 

(27.2%) 

Adjusted 

odds ratio 

95% Confidence 

interval 

P Value 

Sex      
Female 106 (68.8) 48 (31.2) 1   
Male 132 (76.3) 41 (23.7) 0.79 0.44-1.42 0.43 
Age group      
6-7 92 (82.9) 19 (17.1) 1   
8-9 85 (72.0) 33 (28.0) 2.97 1.33-6.62 0.008 
10-12 61 (62.2) 37 (37.8) 4.08 1.82-9.15 0.001 
Type of school      
ICSEA > 1055 90 (81.8) 20 (18.2) 1   
ICSEA 1025-1055 84 (73.0) 31 (27.0) 1.90 0.88-4.09 0.10 
ICSEA < 1025 64 (62.7) 38 (37.3) 1.71 0.84-3.47 0.14 
Place of birth      
Australia 155 (79.9) 39 (20.1) 1   
Overseas 82 (62.1) 50 (37.9) 2.58 1.42-4.67 0.002 
Reason for dental visits      
Routine check-up 182 (95.5) 59 (24.5) 1   
Emergency  26 (66.7) 13 (33.3) 1.67 0.76-3.64 0.19 
Results may not add due to missing values  
Model significant  χ2(7) = 33.29, p<0.001, Nagelkerke 17% 
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Table 4.4. Binary logistic regression with socio-demographic factors and caries experience in the primary dentition (i.e. dmft > 0) (Melbourne). 

 

Variables dmft = 0 

N = 181 (55.4%) 

dmft > 0 

N = 146 (44.6%) 

Adjusted odds ratio 95% Confidence interval P Value 

Sex      
Female 90 (58.4) 64 (41.6) 1   
Male 91 (52.6) 82 (47.4) 1.30 0.78-2.16 0.31 
Age group      
10-12 68 (69.4) 30 (30.6) 1   
8-9 55 (46.6) 63 (53.4) 2.11 1.10-4.05 0.02 
6-7 58 (52.3) 53 (47.7) 2.95 1.57-5.55 0.001 
Type of school      
ICSEA > 1055 62 (56.4) 48 (43.6) 1   
ICSEA 1025-1055 72 (62.6) 43 (37.4) 1.55 0.80-2.98 0.19 
ICSEA < 1025 47 (46.1) 55 (53.9) 0.86 0.47-1.54 0.60 
Place of birth      
Australia 120 (61.9) 74 (38.1) 1   
Overseas 60 (45.5) 72 (54.5) 1.93 1.14-3.27 0.01 
Reason for dental visits      
Routine check-up 145 (60.2) 96 (39.8) 1   
Emergency  17 (43.6) 22 (56.4) 1.68 0.82-3.44 0.15 
Results may not add due to missing values  

Model significant χ2(7) = 24.87, p = 0.001, Nagelkerke 11% 
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Table 4.5. Highest ICDAS II scores including both dentitions by socio-demographic factors at child level (Melbourne). 

 ICDAS II   

Variables Code 0  

N (%) 

Code 2  

N (%) 

Code 3  

N (%) 

Code 4   

N (%)  

Code 5   

N (%) 

Code 6   

N (%) 

Total    

N (%) 

Sex        

Female 78 (50.6) 5 (3.2) 29 (18.8) 20 (13.0) 7 (4.5) 15 (9.7) 154 (47.1) 

Male 91 (52.6) 5 (2.9) 18 (10.4) 17 (9.8) 23 (13.3) 19 (11.0) 173 (52.9) 

Age group        

6-7 56 (50.5) 4 (3.6) 13 (11.7) 14 (12.6) 12 (10.8) 12 (10.8) 111 (33.9) 

8-9 58 (49.2) 1 (0.8) 20 (16.9) 14 (11.9) 7 (5.9) 18 (15.3) 118 (36.1) 

10-12 55 (56.1) 5 (5.1) 14 (14.3) 9 (9.2) 11 (11.2) 4 (4.1) 98 (30.0) 

Type of school        

ICSEA < 1025 43 (42.2) 1 (1.0) 16 (15.7) 16 (15.7) 11 (10.8) 15 (14.7) 102 (31.2) 

ICSEA 1025-1055 66 (57.4) 3 (2.6) 15 (13.0) 15 (13.0) 7 (6.1) 9 (7.8) 115 (35.2) 

ICSEA > 1055 60 (54.5) 6 (5.5) 16 (14.5) 6 (5.5) 12 (10.9) 10 (9.1) 110 (33.6) 

Place of birth*        

Australia 119 (61.3) 5 (2.6) 27 (13.9) 17 (8.8) 16 (8.2) 10 (5.2) 194 (59.5) 

Overseas 49 (37.1) 5 (3.8) 20 (15.2) 20 (15.2) 14 (10.6) 14 (18.2) 132 (40.5) 

Have seen a dental practitioner before?        

Yes 155 (54.6) 10 (3.5) 39 (13.7) 31 (10.9) 24 (8.5) 25 (8.8) 284 (91.0) 

No 9 (32.1) 0 6 (21.4) 2 (7.1) 5 (17.9) 6 (21.4) 28 (9.0) 

Reason for dental visits        

Routine check-up 137 (56.8) 8 (3.3) 33 (13.7) 24 (10.0) 21 (8.7) 18 (7.50 241 (86.1) 

Emergency  18 (46.2) 2 (5.1) 5 (12.8) 6 (15.4) 3 (7.7) 5 (12.8) 39 (13.9) 

Total 169 (51.7) 10 (3.1) 47 (14.4) 37 (11.3) 30 (9.2) 34 (10.4) 327 (100) 
Results may not add due to missing values  

ICSEA: The Index of Community Socio-educational Advantage 

*Significant difference by χ2(5) = 25.48 ; p < 0.001  
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Table 4.6. Binary logistic regression with socio-demographic factors and ICDAS II > 0 in both dentition (Melbourne). 

 

Variables ICDAS II = 0 

N = 169 (51.7%) 

ICDAS II > 0 

N = 158 

(48.3%) 

Adjusted odds 

ratio 

95% Confidence 

interval 

P 

Value 

Sex      
Female 78 (50.6) 76 (49.4) 1   
Male 91 (52.6) 82 (47.4) 0.94 0.57-1.54 0.80 
Age group      
6-7 56 (50.5) 55 (49.5) 1   
8-9 58 (49.2) 60 (50.8) 1.26 0.69-2.30 0.45 
10-12 55 (56.1) 43 (43.9) 0.89 0.47-1.64 0.68 
Type of school      
ICSEA > 1055 60 (54.5) 50 (45.5) 1   
ICSEA 1025-1055 66 (57.4) 49 (42.6) 1.11 0.58-2.11 0.76 
ICSEA < 1025 43 (42.2) 59 (57.8) 0.90 0.50-1.60 0.71 
Place of birth      
Australia 119 (70.8) 75 (38.7) 1   
Overseas 49 (37.1) 83 (62.9) 2.65 1.58-4.44 <0.001 
Reason for dental visits      
Routine check-up 137 (56.8) 104 (43.2) 1   
Emergency  18 (46.2) 21 (53.8) 1.42 0.70-2.86 0.33 
Results may not add due to missing values  

Model significant χ2(7) = 17.91, p = 0.01, Nagelkerke 8% 
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Table 4.7. Linear regression model for caries experience (i.e. DMFT and dmft) by merged ICDAS II scores and age group (Melbourne). 

 

 

Merged ICDAS II  

Age group N = 
DMFT 

Mean (s.d.) 

Merged ICDAS II  

Age group N = 
dmft 

Mean (s.d.) 

Permanent  Sound 6-7 91 0.03 (0.23) a Primary  Sound 6-7 62 0.32 (1.10) d 

dentition  8-9 88 0.17 (0.76) b dentition  8-9 68 0.62 (1.58) e 

  10-12 66 0.26 (0.77) c   10-12 73 0.11 (0.43) f 

  Total 254 0.14 (0.63)   Total 203 0.34 (1.14) 

  

Code A 

6-7 3 0 a   

Code A 

6-7 3 0 

 8-9 2 0 b  8-9 0 0 

 10-12 7 1.00 (1.83) c  10-12 0 0 

 Total 12 0.58 (1.44)  Total 3 0 

  

Code B  

 

6-7 16 1.56 (0.73) a   

Code B  

 

6-7 23 2.91 (2.11) d 

 8-9 25 2.84 (2.48) b  8-9 27 3.07 (1.99) e 

 10-12 22 2.68 (1.86) c  10-12 12 3.00 (1.76) f 

 Total 63 2.46 (1.99)  Total 62 3.00 (1.97) 

  

Code C  

 

6-7 1 1 (0) a   

Code C  

 

6-7 23 6.04 (3.62) d 

 8-9 3 2.67 (1.53) b  8-9 23 5.09 (2.76) e 

 10-12 3 5.00 (2.65) c  10-12 13 2.46 (1.45) f 

 Total 7 3.43 (2.37)  Total 59 4.88 (3.19) 

Total   327 0.68 (1.49)  Total  327 1.66 (2.58) 

Univariate Models were computed for each age group separately.  

Univariate models for DMFT: aF(1, 111) = 90.52, p<0.001, R2= 72%; bF(1, 118) = 28.27, p<0.001, R2=43%; cF(1, 98) = 31.60, p<0.001, R2= 50% 
Univariate models for dmft: dF(1, 181) = 45.06, p<0.001, R2= 56%; eF(1, 118) = 49.68, p<0.001, R2= 46%; fF(1, 98) = 84.50, p<0.001, R2= 64% 
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Table 4.8. Bivariate analysis on pulpal involvement by socio-demographic factors (Melbourne). 

 

 PUFA experience pufa experience PUFA/pufa ratio  PUFA + pufa prevalence  

Variables Mean (s.d.) Mean (s.d.) Mean % (s.d.)  

 0.01 (0.08) 0.20 (0.92) 9.04 (20.50) N (%) = 35 (10.7) 

Sex     

Female 0.01 (0.08) 0.23 (1.16) 8.43 (19.87) 16 (10.4) 

Male 0.01 (0.08) 0.18 (0.64) 9.60 (21.19) 19 (11.0) 

Age group     

6-7 0 0.31 (1.39) 10.04 (22.65) 12 (10.8)^ 

8-9 0.02 (0.13) 0.23 (0.65)a 10.01 (18.79) 19 (16.1)^ 

10-12 0 0.06 (0.35)a 6.18 (20.32) 4 (4.1)^ 

Type of school     

ICSEA < 1025 0 0.25 (0.71) 9.75 (22.14) 15 (14.7) 

ICSEA 1025-1055 0.01 (0.09) 0.13 (0.59) 8.43 (21.03) 9 (7.8) 

ICSEA > 1055 0.01 (0.1) 0.24 (1.31) 8.98 (19.09) 11 (10.0) 

Place of birth     

Australia 0.01 (0.1) 0.08 (0.44)** 6.79 (18.52) 11 (5.7)^^ 

Overseas 0 0.39 (1.33)** 11.05 (22.06) 24 (18.2)^^ 

Have seen a dental 

practitioner before? 

    

Yes 0.01 (0.08) 0.13 (0.53)* 7.87 (18.81) 26 (9.2)^^^ 

No 0 0.79 (2.53)* 14.88 (29.08) 6 (21.4)^^^ 

Reason for dental visits     

Routine check-up 0.01 (0.09) 0.11 (0.48) 7.58 (19.13) 19 (7.9) 

Emergency  0 0.23 (0.74) 9.09 (19.03) 5 (12.8) 
^ Significant difference by (χ2(2) = 8.10; p = 0.02), ^^  Significant difference by (χ2(1) = 12.83; p < 0.001), ^^^ Significant difference by (χ2(1) = 4.17; p = 0.04. 
*Significant p-values <0.05 by Kruskal-Wallis test 

**Significant p-values <0.001 by Kruskal-Wallis test 

Identical superscripts demonstrate significant differences p <0.05 in pairwise comparisons by Kruskal-Wallis test  
ICSEA: The Index of Community Socio-educational Advantage 
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Table 4.9. Binary logistic regression with socio-demographic factors in the PUFA+ pufa affected and non-affected children 

(i.e. PUFA + pufa > 0) (Melbourne). 

 

 

 

 

Variables PUFA + pufa = 0 

N = 292 (89.3%) 

PUFA + pufa > 0 

N = 35 (10.7%) 

Adjusted 

odds ratio 

95% Confidence 

interval 

P value 

Sex      
Female 138 (89.6) 16 (10.4) 1   
Male 154 (89.0) 19 (11.0) 1.27 0.50-3.18 0.62 
Age group      
10-12 94 (95.9) 4 (4.1) 1   
8-9 99 (83.9) 19 (16.1) 9.92 1.15-85.48 0.04 
6-7 99 (89.2) 12 (10.8) 21.30 2.64-172.13 0.004 
Type of school      
ICSEA > 1055 99 (90.0) 11 (10.0) 1   
ICSEA 1025-1055 106 (92.2) 9 (7.8) 1.71 0.54-5.40 0.36 
ICSEA < 1025 87 (85.3) 15 (14.7) 1.10 0.36-3.28 0.88 
Place of birth      
Australia 183 (94.3) 11 (5.7) 1   
Overseas 108 (81.8) 24 (18.2) 4.95 1.94-12.65 0.001 
Reason for dental visits      
Routine check-up 222 (92.1) 19 (7.9) 1   
Emergency  34 (87.2) 5 (12.8) 1.27 0.41-3.88 0.68 
Results may not add due to missing values 

Model significant χ2(7) = 28.55, p<0.001, Nagelkerke 22% 
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Table 4.10. Prevalence of developmental defects by socio-demographic factors (Melbourne). 

 

 

Variables 

Diffuse 

opacities 

N (%) = 15 

(4.6) 

Hypoplasia 

N (%) = 5 (1.5) 

All DDE  

N (%) = 104 

(31.5) 

DHL 

N (%) = 88 

(26.9) 

MIH 

N (%) = 48 

(14.7) 

HSPM 

N (%) = 26 

(8.0) 

Total  

N (%) = 327 

(100) 

Sex        

Female 9 (5.8) 5 (3.2) 54 (35.1) 43 (27.9) 24 (15.6) 14 (9.1) 154 (47.1) 

Male 6 (3.5) 0 50 (28.9) 45 (26.0) 24 (13.9) 12 (6.9) 173 (52.9) 

Age group        

6-7 2 (1.8) 2 (1.8) 28 (25.2) 25 (22.5) 13 (11.7) 9 (8.1) 111 (33.9) 

8-9 6 (5.1) 3 (2.5) 46 (39.0) 40 (33.9) 24 (20.3) 12 (10.2) 118 (36.1) 

10-12 7 (7.1) 0 30 (30.6) 23 (23.5) 11 (11.2) 5 (5.1) 98 (30.0) 

Type of school        

ICSEA < 1025 6 (5.9) 3 (2.9) 32 (31.4) 25 (24.5) 13 (12.7) 7 (6.9) 102 (31.2) 

ICSEA 1025-1055 7 (6.1) 0 31 (27.0) 26 (22.6) 16 (13.9) 6 (5.2) 115 (35.2) 

ICSEA > 1055 2 (1.8) 2 (1.8) 41 (37.3) 37 (33.6) 19 (17.3) 13 (11.8) 110 (33.6) 

Place of birth        

Australia 7 (3.6) 2 (1.0) 64 (33.0) 55 (28.4) 30 (15.5) 16 (8.2) 194 (59.5) 

Overseas 8 (6.1) 3 (2.3) 40 (30.3) 33 (25.0) 18 (13.6) 10 (7.6) 132 (40.5) 

Have seen a dental 

practitioner before? 

       

Yes 13 (4.6) 3 (1.1) 89 (31.3) 76 (26.8) 44 (15.5) 22 (7.7) 284 (91.0) 

No 2 (7.1) 1 (3.6) 9 (32.1) 6 (21.4) 2 (7.1) 2 (7.1) 28 (9.0) 

Reason for dental visits        

Routine check-up 12 (5.0) 2 (0.8) 75 (31.1) 64 (84.2) 36 (14.9) 17 (7.1) 241 (86.1) 

Emergency  1 (2.6) 0 13 (33.3) 12 (30.8) 8 (20.5) 5 (12.8) 39 (13.9) 
Results may not add due to missing values  

DDE developmental defects of enamel, DHL demarcated hypomineralised lesions of enamel  

ICSEA: The Index of Community Socio-educational Advantage 
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Table 4.11. Distribution of DHL by frequency of involvement at child level (Melbourne). 

 Once  

N (%) 

Twice  

N (%) 

Thrice  

N (%) 

Four times  

N (%) 

Total  

N (%) = 88 (26.9)  

Permanent dentition      

Second molars 2 (40.0) 1 (20.0) 2 (40.0) 0 5 (5.7) 

First molars 23 (47.9) 16 (33.3) 2 (4.2) 7 (14.6) 48 (54.5) 

Premolars 4 (100) 0 0 0 4 (4.5) 

Canines 2 (100) 0 0 0 2 (2.3) 

Incisors 17 (70.8) 6 (25.0) 1 (4.2) 0 24 (27.3) 

Primary dentition      

Second molars 11 (42.3) 8 (30.8) 3 (11.5) 4 (15.4) 26 (29.5) 

First molars 4 (80.0) 0 0 1 (20.0) 5 (5.7) 

Canines 2 (66.7) 0 1 (33.3) 0 3 (3.4) 

Incisors 0 0 0 0 0 

 

 

 

 

 

 

 

 



 157 

Table 4.12. Distribution of type of DHL in permanent teeth (Melbourne). 

Type of 

DHL 

FDI World Dental Federation ISO-3950 notation. Permanent dentition 
 

Total 

17 16 15 14 13 12 11 21 22 23 24 25 26 27 37 36 35 34 33 32 31 41 42 43 44 45 46 47 

 

CW with 

no PEB 

1 

(1.4) 

8 

(11.4) 

0 0 0 0 7 

(10.0) 

5 

(7.1) 

1 

(1.4) 

1 

(1.4) 

1 

(1.4) 

0 9 

(12.9) 

1 

(1.4) 

1 

(1.4) 

6 

(8.6) 

0 1 

(1.4) 

1 

(1.4) 

4 

(5.7) 

3 

(4.3) 

8 

(11.4) 

0 0 0 0 9 

(12.9) 

3 

(4.3) 

70 

(51.1) 

CW with 

PEB in 
enamel 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

(100) 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 (0.7) 

CW with 

PEB in 
dentine 

0 1 

(100) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 (0.7) 

YB with no 

PEB 

0 5 

(23.8) 

0 0 0 0 1 

(4.8) 

0 0 0 1 

(4.8) 

0 6 

(28.6) 

0 0 3 

(14.3) 

0 0 0 0 2 

(9.5) 

0 1 

(4.8) 

0 0 0 2 

(9.5) 

0 21 

(15.3) 

YB with 

PEB in 
enamel 

0 1 

(25.0) 

0 1 

(25.0) 

0 0 0 0 0 0 0 0 0 1 

(25.0) 

0 1 

(25.0) 

0 0 0 0 0 0 0 0 0 0 0 0 4 (2.9) 

YB with 

PEB in 
dentine 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

(100) 

0 0 0 0 0 0 0 0 0 0 0 0 1 (0.7) 

Atypical 

restorations 

0 6 

(21.4) 

0 0 0 0 0 0 0 0 0 0 6 

(21.4) 

0 1 

(3.6) 

7 

(25.0) 

0 0 0 0 0 0 0 0 0 0 7 

(25.0) 

1 

(3.6) 

28 

(20.4) 

Atypical 

carious 
lesions 

0 1 

(10.0) 

0 0 0 0 0 0 0 0 0 0 5 

(50.0) 

0 0 3 

(30.0) 

0 0 0 0 0 0 0 0 0 0 1 

(10.0) 

0 10 

(7.3) 

Missing 

due to 
DHL 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

(100) 

0 0 0 0 0 0 0 0 0 0 0 0 1 (0.7) 

Total 1 

(0.7) 

22 

(16.1) 

0 1 

(0.7) 

0 0 8 

(5.8) 

5 

(3.6) 

1 

(0.7) 

1 

(0.7) 

2 

(1.5) 

0 26 

(19.0) 

2 

(1.5) 

3 

(2.2) 

22 

(16.1) 

0 1 

(0.7) 

1 

(0.7) 

4 

(2.9) 

5 

(3.6) 

8 

(5.8) 

1 

(0.7) 

0 0 0 19 

(13.9) 

4 

(2.9) 

137 

(100) 

FDI Fédération Dentaire Internationale, DHL demarcated hypomineralised lesion of enamel, CW creamy/white demarcated lesions, YB yellow/brown demarcated lesions, PEB post-eruptive enamel breakdown, 
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Table 4.13. Distribution of type of DHL in primary teeth (Melbourne). 

Type of DHL FDI World Dental Federation ISO-3950 notation. Primary dentition Total 

55 54 53 52 51 61 62 63 64 65 75 74 73 72 71 81 82 83 84 85 

CW with no PEB 3 (21.4) 1 (7.1) 0 0 0 0 0 1 (7.1) 0 4 (28.6) 3 (21.4) 0 0 0 0 0 0 0 0 2 (14.3) 14 (21.5) 

CW with PEB in enamel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CW with PEB in dentine 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

YB with no PEB 1 (11.1) 0 0 0 0 0 0 0 0 3 (33.3) 3 (33.3) 0 1 (11.1) 0 0 0 0 0 0 1 (11.1) 9 (13.8) 

YB with PEB in enamel 0 0 0 0 0 0 0 0 2 (33.3) 1 (16.7) 0 0 0 0 0 0 0 0 0 3 (50.0) 6 (9.2) 

YB with PEB in dentine 0 0 0 0 0 0 0 0 0 0 1 (33.3) 0 0 0 0 0 0 0 1 (33.3) 1 (33.3) 3 (4.6) 

Atypical restorations 4 (30.8) 1 (7.7) 0 0 0 0 0 0 1 (7.7) 4 (30.8) 0 1 (7.7) 0 0 0 0 0 0 1 (7.7) 1 (8.3) 13 (20.0) 

Atypical carious lesions 3 (18.8) 0 1 (6.3) 0 0 0 0 1 (6.3) 0 2 (12.5) 5 (31.3) 0 0 0 0 0 0 1 (6.3) 0 3 (20.0) 16 (24.6) 

Missing due to DHL 1 (25.0) 0 0 0 0 0 0 0 0 1 (25.0) 1 (25.0) 0 0 0 0 0 0 0 0 1 (25.0) 4 (6.2) 

Total 12 (18.5) 2 (3.1) 1 (1.5) 0 0 0 0 2 (3.1) 3 (4.6) 15 (23.1) 13 (20.0) 1 (1.5) 1 (1.5) 0 0 0 0 1 (1.5) 2 (3.1) 12 (18.5) 65 (100) 

FDI Fédération Dentaire Internationale, DHL demarcated hypomineralised lesion of enamel, CW creamy/white demarcated lesions, YB yellow/brown demarcated lesions, PEB post-eruptive enamel breakdown 
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Table 4.14. Number of hypomineralised permanent incisors by frequency of hypomineralised FPMs, lesion extent and severity at child level 

(Melbourne). 

 

 

  

   

 

 

 

 

 

 

 

 

 

 

 Number of affected PIs per child 

 None affected N (%) One N (%) Two N (%) Three N (%) Total N (%) 

Number of affected FPMs per child*      

One 20 (87.0) 2 (8.7) 1 (4.3) 0 23 (47.9) 

Two 13 (81.3) 2 (12.5) 1 (6.3) 0 16 (33.3) 

Three 0 2 (100) 0 0 2 (4.2) 

Four  5 (71.4) 1 (14.3) 0 1 (14.3) 7 (15.6) 

Lesion extent of affected FPMs      

<1/3 21 (87.5) 2 (8.3) 1 (4.2) 0 24 (50.0) 

1/3-2/3 14 (82.4) 3 (17.6) 0 0 17 (35.4) 

>2/3 3 (42.9) 2 (28.6) 1 (14.3) 1 (14.3) 7 (14.6) 

Severity of affected FPMs      

Mild 19 (79.2) 3 (12.5) 2 (8.3) 0 24 (50.0) 

Moderate/Severe 19 (79.2) 4 (16.7) 0 1 (4.2) 24 (50.0) 

Total 38 (79.2) 7 (14.6) 2 (4.2) 1 (2.0) 48 (100) 
*Significant difference by  χ2(9) = 18.82, p = 0.03 

PIs, permanent incisors. FPMs, first permanent molars 
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Table 4.15. Lesion extent and severity by frequency of hypomineralised FPMs and dental arch affected at child level (Melbourne). 

 Lesion extent Severity  Total  

 <1/3 N(%) 1/3-2/3 N(%) >2/3 N(%) Mild N(%) Moderate/Severe N(%) N(%)  

Number of hypomineralised  

FPMs per child* 

       

One 15 (65.2) 8 (34.8) 0 18 (78.3) 5 (21.7) 23 (47.9)  

Two 9 (56.3) 5 (31.3) 2 (12.5) 5 (31.3) 11 (68.8) 16 (33.3)  

Three 0 0 2 (100) 0 2 (8.3) 2 (4.2)  

Four  0 4 (57.1) 3 (42.9) 1 (14.3) 6 (85.7) 7 (14.6)  

        

Arch affected*        

Maxillary 10 (71.4) 3 (21.4) 1 (7.1) 7 (50.0) 7 (5.0) 14 (29.2)  

Mandibular 9 (56.3) 7 (43.8) 0 12 (75.0) 4 (25.0) 16 (33.3)  

Both 5 (27.8) 7 (38.9) 6 (33.3) 5 (27.8) 13 (72.2) 18 (37.5)  

        

Total 24 (50.0) 17 (35.4) 7 (14.6) 24 (50.0) 24 (50.0) 48 (100)  
*Significant difference p < 0.05 by extent and severity 
FPMs first permanent molars 
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Table 4.16. Lesion extent and severity by the frequency of HSPM and arch affected at child level (Melbourne). 

 Lesion extent Severity Total 

 <1/3  

N (%) 

1/3-2/3  

N (%) 

>2/3  

N (%) 

Mild  

N (%) 

Moderate/Severe  

N (%) 

N (%) 

Number of HSPM per child       

One 7 (63.6) 3 (27.3) 1 (9.1) 6 (54.5) 5 (45.5) 11 (42.3) 

Two 1 (12.5) 3 (37.5) 4 (50.0) 2 (25.0) 6 (75.0) 8 (30.8) 

Three 1 (33.3) 0 2 (66.7) 0 3 (100) 3 (11.5) 

Four 1 (25.0) 1 (25.0) 2 (50.0) 0 4 (100) 4 (15.4) 

       

Arch affected*       

Maxillary 4 (44.4) 5 (55.6) 0 5 (55.6) 4 (44.4) 9 (34.6) 

Mandibular 4 (66.7) 0 2 (33.3) 3 (50.0) 3 (50.0) 6 (23.1) 

Both 2 (18.2) 2 (18.2) 7 (63.6) 0 11 (61.1) 11 (42.3) 

       

Total 10 (38.5) 7 (26.9) 9 (34.6) 8 (30.8) 18 (69.2) 26 (100) 
* Significant difference p > 0.05 by extent and severity. 

HSPM hypomineralised second primary molars.  
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Table 4.17. Binary logistic regression with socio-demographic factors in DHL-affected and non-affected children (Melbourne). 

Variables Non-affected  

N = 239 (%) 

Affected 

N = 88 (%) 

Adjusted odds 

ratio 

95% Confidence 

interval 

P value 

Sex      
Female 111 (72.1) 43 (27.9) 1   
Male 128 (74.0) 45 (26.0) 0.85 0.49-1.47 0.55 
Age group      
6-7 86 (77.5) 25 (22.5) 1   
8-9 78 (66.1) 40 (33.9) 1.92 0.99-3.71 0.05 
10-12 75 (76.5) 23 (23.5) 0.99 0.48-2.06 0.99 
Type of school      
ICSEA < 1025 77 (75.5) 25 (24.5) 1   
ICSEA 1025-1055 89 (77.4) 26 (22.6) 1.10 0.52-2.32 0.83 
ICSEA > 1055 73 (66.4) 37 (33.6) 2.05 0.99-4.25 0.06 
Place of birth      
Australia 139 (71.6) 55 (28.4) 1   
Overseas 99 (75.0) 33 (25.0) 0.85 0.48-1.53 0.59 
Reason for dental visits      
Routine check-up 177 (73.4) 64 (26.6) 1   
Emergency  27 (69.2) 12 (30.8) 1.15 0.54-2.46 0.72 
Results may not add due to missing values  

No significant predictors were found 
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Table 4.18. Binary logistic regression with socio-demographic factors in MIH-affected and non-affected children (Melbourne). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables Non-affected 

N = 279 (%) 

Affected 

N = 48 

(%) 

Adjusted odds ratio 95% Confidence 

interval 

P value 

Sex      
Female 130 (84.4) 24 (15.6) 1   
Male 149 (86.1) 24 (13.9) 0.82 0.42-1.60 0.58 
Age group      
6-7 98 (88.3) 13 (11.7) 1   
8-9 94 (79.7) 24 (20.3) 2.37 1.06-5.29 0.04 
10-12 87 (88.8) 11 (11.2) 0.88 0.34-2.29 0.79 
Type of school      
ICSEA < 1025 89 (87.3) 13 (12.7) 1   
ICSEA 1025-1055 99 (86.1) 16 (13.9) 1.22 0.49-3.03 0.67 
ICSEA > 1055 91 (82.7) 19 (17.3) 1.64 0.66-4.06 0.28 
Place of birth      
Australia 164 (84.5) 30 (15.5) 1   
Overseas 114 (86.4) 18 (13.6) 1.18 0.59-2.39 0.64 
Reason for dental visits      
Routine check-up 205 (85.1) 36 (14.9) 1   
Emergency  31 (79.5) 8 (20.5) 1.33 0.55-3.20 0.52 
Results may not add due to missing values. 

No significant predictors were found 
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Table 4.19. Binary logistic regression with socio-demographic factors in HSPM-affected and non-affected children (Melbourne). 

Variables Non-affected 

N = 301 (%) 

Affected 

N = 26 (%) 

Adjusted odds 

ratio 

95% 

Confidence 

interval 

P value 

Sex      
Female 140 (90.9) 14 (9.1) 1   
Male 161 (93.1) 12 (6.9) 0.64 0.26-1.59 0.52 
Age group      
6-7 102 (91.9) 9 (8.1) 1   
8-9 106 (89.8) 12 (10.2) 1.13 0.41-3.13 0.82 
10-12 93 (94.9) 5 (5.1) 0.56 0.16-1.98 0.37 
Type of school      
ICSEA < 1025 95 (93.1) 7 (6.9) 1   
ICSEA 1025-1055 109 (94.8) 6 (5.2) 0.78 0.20-3.06 0.72 
ICSEA > 1055 97 (88.2) 13 (11.8) 2.33 0.70-7.78 0.17 
Place of birth      
Australia 178 (91.8) 16 (8.2) 1   
Overseas 122 (92.4) 10 (7.6) 0.64 0.23-1.76 0.38 
Reason for dental visits      
Routine check-up 224 (92.9) 17 (7.1) 1   
Emergency  34 (87.2) 5 (12.8) 1.89 0.63-5.68 0.26 
Results may not add due to missing values  

No significant predictors were found 
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Table 4.20. Binary logistic regression models with HSPM frequency and severity as predictors for MIH-affected and non-affected children 

(Melbourne). 

 

N: number of children 

 

 

 

 

 

 

 HSPM non-

affected N = 301 

(%) 

HSPM-affected 

N = 26 (%) 

One HSPM  

N = 11 (%) 

More than one 

HSPM   

N = 15 (%) 

Mild HSPM 

N = 8 (%) 

Moderate/Severe 

HSPM N = 18 (%) 

With MIH N = 48  40 (13.3) 8 (30.8) 4 (36.4) 4 (26.6) 3 (38.0) 5 (27.8) 

Without MIH = 279  261 (89.7) 18 (69.2) 7 (63.6) 11 (73.4) 5 (62.0) 13 (72.2) 

Adjusted odds ratio 1 2.90 3.53 2.22 3.65 2.38 

95% CI  1.18-7.11 1.00-12.57 0.68-7.30 0.84-15.82 0.81-7.01 

P value  0.02 0.05 0.19 0.08 0.11 
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Table 4.21. Caries experience, caries severity and pulpal involvement of DHL-affected and non-affected children (Melbourne). 

Caries experience  Affected N = 88  Non-affected N = 239 All children N = 327 

DMFT mean (s.d.)**  1.08 (1.86) 0.53 (1.29) 0.68 (1.49) 

DT mean (s.d.)* 0.66 (1.51) 0.43 (1.20) 0.49 (1.29) 

MT mean (s.d.) 0.03 (0.24) 0.01 (0.09) 0.02 (0.15) 

FT mean (s.d.)** 0.39 (0.98) 0.09 (0.48) 0.17 (0.66) 

dmft mean (s.d.) 1.88 (2.73) 1.59 (2.53) 1.66 (2.58) 

dt mean (s.d.) 1.32 (2.15) 1.05 (2.01) 1.12 (2.05) 

mt mean (s.d.) 0.15 (0.65) 0.13 (0.73) 0.13 (0.71) 

ft mean (s.d.) 0.41 (0.92) 0.40 (1.09) 0.41 (1.05) 

DMFS mean (s.d.)** 1.40 (2.41) 0.76 (1.97) 0.93 (2.11) 

DS mean (s.d.)* 0.76 (1.76) 0.59 (1.77) 0.64 (1.76) 

MS mean (s.d.) 0.15 (1.00) 0.04 (0.46) 0.07 (0.65) 

FS mean (s.d.)** 0.49 (1.22) 0.13 (0.64) 0.22 (0.85) 

dmfs mean (s.d.) 4.17 (6.87) 3.16 (5.97) 3.43 (6.23) 

ds mean (s.d.) 2.24 (3.80) 1.64 (3.46) 1.80 (3.56) 

ms mean (s.d.) 0.74 (3.26) 0.64 (3.61) 0.70 (3.52) 

fs mean (s.d.) 1.19 (3.14) 0.88 (2.50) 0.97 (2.69) 

Pulpal involvement    

PUFA mean (s.d.)* 0.02 (0.15) 0 0.01 (0.08) 

pufa  mean (s.d.) 0.26 (0.78) 0.18 (0.97) 0.20 (0.92) 

PUFA/pufa ratio mean % (s.d.) 11.82 (24.11) 7.58 (18.29) 9.04 (20.50) 

PUFA + pufa prevalence N (%) 14 (15.9) 21 (8.8) 35 (10.7) 

** Significant p-value <0.001, * significant p-value <0.05 by Kruskal-Wallis analysis 
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Table 4.22. Caries experience between DHL-affected and non-affected children by sex and age group (Melbourne). 

 

 

 

DHL presence Sex Age group N = DMFT DT MT FT dmft dt mt ft 

    Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) 

Affected Female  6-7 11 0.18 (0.40) 0.18 (0.40) 0 0 1.45 (3.01) 1.27 (2.61) 0 0.18 (0.60) 

  8-9 20 1.80 (3.07)^ 1.20 (2.76) 0 0.60 (1.10)* 1.70 (2.08) 0.80 (1.20) 0.25 (1.19) 0.65 (1.04) 

  10-12 12 1.17 (1.11) 0.75 (0.75) 0.08 (0.29) 0.33 (0.65) 1.08 (1.38) 0.83 (1.03) 0 0.25 (0.45) 

  Total 43 1.21 (2.25) 0.81 (1.95) 0.02 (0.15) 0.37 (0.85) 1.47 (2.16) 0.93 (1.61) 0.12 (0.76) 0.42 (0.82) 

 Male  6-7 14 0.50 (0.94) 0.36 (0.63) 0 0.14 (0.53) 3.14 (3.96) 2.14 (3.13) 0.29 (0.83) 0.71 (1.33) 

  8-9 20 1.05 (1.50)^ 0.65 (1.04) 0 0.40 (0.99)* 2.50 (3.00) 1.95 (2.52) 0.15 (0.37) 0.40 (0.99) 

  10-12 11 1.36 (1.69) 0.45 (0.93) 0.18 (0.60) 0.73 (1.68) 0.73 (1.56) 0.64 (1.29) 0.10 (0.30) 0 

  Total 45 0.96 (1.41) 0.51 (0.89) 0.04 (0.30) 0.40 (1.10) 2.27 (3.15) 1.69 (2.53) 0.18 (0.53) 0.40 (1.01) 

 Total  88 1.08 (1.86) 0.66 (1.51) 0.03 (0.24) 0.39 (0.98) 1.88 (2.73) 1.32 (2.15) 0.15 (0.65) 0.41 (0.92 

Non-affected Female 6-7 43 0.30 (0.74) 0.30 (0.74) 0 0 2.33 (3.36) 1.84 (3.14) 0.05 (0.21) 0.44 (1.20) 

  8-9 31 0.55 (1.21)^ 0.42 (1.03) 0 0.13 (0.72)* 1.65 (2.83) 1.03 (1.74) 0.29 (1.27) 0.32 (0.83) 

  10-12 37 1.11 (1.98) 0.73 (1.77) 0.03 (0.16) 0.35 (0.92) 0.41 (1.01) 0.22 (0.58) 0.05 (0.33) 0.14 (0.48) 

  Total 111 0.64 (1.42) 0.48 (1.25) 0.01 (0.09) 0.15 (0.66) 1.50 (2.74) 1.07 (2.28) 0.12 (0.71) 0.31 (0.91) 

            

 Male 6-7 43 0.16 (0.43) 0.09 (0.29) 0 0.07 (0.34) 1.53 (2.38) 0.88 (1.53) 0.30 (1.23) 0.35 (1.04) 

  8-9 47 0.43 (1.12)^ 0.43 (1.12) 0 0* 2.28 (2.60) 1.40 (2.17) 0.06 (0.25) 0.81 (1.61) 

  10-12 38 0.74 (1.67) 0.66 (1.68) 0.03 (0.16) 0.03 (0.16) 1.05 (1.72) 0.74 (1.37) 0.05 (0.32) 0.26 (0.69) 

  Total 128 0.43 (1.18) 0.38 (1.16) 0.01 (0.09) 0.03 (0.22) 1.66 (2.34) 1.03 (1.77) 0.14 (0.75) 0.49 (1.22) 

 Total  239 0.53 (1.29) 0.43 (1.20) 0.01 (0.09) 0.09 (0.48) 1.56 (2.39) 1.05 (2.01) 0.13 (0.73) 0.41 (1.09) 
Univariate Models were computed for each age group separately, including DHL presence and sex as predictors. 

^DHL is a significant predictor for increased DMFT in the 8-9 year-old group F(1, 118) = 3.50, p = 0.01, R2 = 9% 

 *DHL is a significant predictor for increased FT in the 8-9 year-old group F(1, 118) = 4.02, p = 0.009, R2 = 10%  
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Table 4.23. ICDAS II scores by type of DHL in hypomineralised permanent teeth (Melbourne). 

 ICDAS II  

Type of DHL Code 0  

N (%) = 87 (63.5) 

Code A  

N (%) = 1 (0.7)  

Code B 

N (%) = 20 (14.6)  

Code C  

N (%) = 4 (2.9) 

Restorations   

N (%) = 24 (17.5) 

Missing 

N (%) = 1 (0.7) 

Total 

N (%) = 137 (100) 
CW with no PEB 63 (90.0) 1 (1.4) 5 (7.2) 0 1 (1.4) 0 70 (51.1) 

CW with PEB in enamel 1 (100) 0 0 0 0 0 1 (0.7) 
CW with PEB in dentine 1 (100) 0 0 0 0 0 1 (0.7) 

YB with no PEB 20 (95.2) 0 1 (4.8) 0 0 0 21 (15.3) 
YB with PEB in enamel 2 (50.0) 0 2 (50.0) 0 0 0 4 (2.9) 
YB with PEB in dentine 0 0 0 1 (100) 0 0 1 (0.7) 

Atypical restorations 0 0 3 (10.8) 2 (7.1) 23 (82.1) 0 28 (20.4) 
Atypical carious lesions 0 0 9 (90.0) 1 (10) 0 0 10 (7.3) 

Missing due to DHL 0 0 0 0 0 1 (100) 1 (0.7) 
DHL demarcated hypomineralised lesion of enamel, CW creamy/white demarcated lesions, YB yellow/brown demarcated lesions, PEB post-eruptive enamel breakdown. 

 

Table 4.24. ICDAS II scores by type of DHL in hypomineralised primary teeth (Melbourne) 

 ICDAS II  

Type of DHL Code 0 

N (%) = 22 (33.8) 

Code B 

N (%) = 16 (24.6) 

Code C 

N (%) = 11 (17.0)  

Restorations 

N (%) = 12 (18.4) 

Missing 

N (%) = 4 (6.2) 

Total  

N (%) = 65 (100) 
CW with no PEB 12 (85.7) 2 (14.3) 0 0 0 14 (21.5) 

CW with PEB in enamel 0 0 0 0 0 0 
CW with PEB in dentine 0 0 0 0 0 0 

YB with no PEB 6 (66.7) 3 (33.3) 0 0 0 9 (13.8) 
YB with PEB in enamel 4 (66.6) 1 (16.7) 1 (16,7) 0 0 6 (9.2) 
YB with PEB in dentine 0 1 (33.3) 2 (66.7) 0 0 3 (4.7) 

Atypical restorations 0 1 (7.7) 0 12 (92.3) 0 13 (20.0) 
Atypical carious lesions 0 8 (50.0) 8 (50.0) 0 0 16 (24.6) 

Missing due to DHL 0 0 0 0 4 (100) 4 (6.2) 
DHL demarcated hypomineralised lesion of enamel, CW creamy/white demarcated lesions, YB yellow/brown demarcated lesions, PEB post-eruptive enamel breakdown. 
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Table 4.25. Binary logistic regression models with DHL, HSPM and MIH presence as predictors for ICDAS II > 0 in both dentition 

(Melbourne). 

N: number of children 

 

 

 

 

 

 

 DHL non-affected  

N = 239 (%) 

DHL-affected  

N = 88 (%) 

HSPM non-affected  

N = 301 (%) 

HSPM-affected 

N = 26 (%) 

MIH non-affected 

N = 279 (%) 

MIH-affected  

N = 48 (%) 

ICDAS II = 0 

N = 169  

135 (56.5) 34 (38.6) 160 (53.2) 9 (34.6) 151 (54.1) 18 (38.0) 

ICDAS II > 0 

N = 158  

104 (43.5) 54 (61.4) 141 (46.8) 17 (65.4) 128 (45.9) 30 (62.0) 

Adjusted odds ratio 1 2.06 1 2.14 1 1.97 

95% CI  1.25-3.40  0.93-4.96  1.04-3.69 

P value  0.005  0.08  0.03 
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Table 4.26. Binary logistic regression models with MIH as predictors for caries experience in the permanent dentition (i.e. DMFT > 0) 

(Melbourne). 

 

 

 

 

 

 

 

 

 

 

 

                          

   N: number of children 

 

Table 4.27. Lesion severity of hypomineralised FPMs by merged ICDAS II scores at child level (Melbourne). 

 Severity**  

Merged ICDAS II 
Mild 

N (%) = 24 (58.5) 

Moderate/Severe 

N (%) = 17 (41.5) 

Total 

N (%) =  41 (100) 

Sound 19 (79.2) 0 19 (46.3) 

Code A 1 (100) 0 1 (2.4) 

Code B  4 (22.2) 14 (77.8) 18 (43.9) 

Code C  0 3 (100) 3 (7.3) 
** Significant difference by χ2 (3) = 28.18, p < 0.001. FPMs first permanent molars 

 

 MIH non-affected  

N = 279 (%) 

MIH-affected   

N = 48 (%) 

One FPM affected  

N = 23 (%) 

More than one FPM affected  

N = 25 (%) 

DMFT = 0 

N = 238 

219 (78.5) 19 (39.6) 15 (65.2) 4 (16.0) 

DMFT > 0 

N = 89 

60 (21.5) 29 (60.4) 8 (34.8) 21 (84.0) 

Adjusted odds ratio 1 5.57 1.47 18.07 

95% CI  2.92-10.62 0.60-3.59 5.60-54.43 

P value  <0.001 0.40 <0.001 
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Table 4.28. Binary logistic regression models with HSPM presence as predictor for caries experience in the primary dentition (i.e. dmft > 0) 

(Melbourne). 

 

 

 

 

 

 

 

Table 4.29. Lesion severity of HSPM by merged ICDAS II scores of at child level (Melbourne). 

 Severity*  

Merged ICDAS II  
Mild 

N (%) = 8 (42.1) 

Moderate/Severe 

N (%) = 11 (57.9) 

Total 

N (%) = 19 (100) 

Sound 5 (100) 0 5 (26.3) 

Code B  3 (30.0) 7 (70.0) 10 (52.6) 

Code C  0 4 (100) 4 (21.1) 
* Significant difference by χ2 (2) = 10.39, p = 0.006 
No HSPM presented ICDAS II Code 2.  

HSPM hypomineralised second primary molars 

 

 HSPM non-affected 

N = 301 (%) 

HSPM-affected 

N = 26 (%) 

One HSPM 

N = 11 (%) 

More than one HSPM   

N = 15 (%) 

dmft = 0 

N = 181 

176 (58.5) 5 (19.2) 4 (36.4) 1 (6.7) 

dmft > 0 

N = 146 

125 (41.5) 21 (80.8) 7 (63.6) 14 (93.3) 

Adjusted odds ratio 1 5.91 2.23 19.09 

95% CI  2.17-16.11 0.64-7.77 2.48-146.99 

P value  0.001 0.21 0.005 
N: number of children    
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Table 4.30. Binary logistic regression models with MIH and HSPM presence and severity as predictors for PUFA + pufa prevalence (i.e. PUFA 

+ pufa > 0) (Melbourne). 

N: number of children 

 

 

 

 

 MIH non-

affected N = 279 

(%) 

MIH-affected   

N = 48 (%) 

MIH 

moderate/severe 

N =24 (%) 

HSPM non-

affected N = 301 

(%) 

HSPM-

affected       

N = 26 (%) 

HSPM 

moderate/severe       

N = 18 (%) 

PUFA + pufa = 0 

N = 292  

251 (90.0) 41 (85.4) 20 (83.3) 271 (90.0) 21 (80.8) 13 (72.2) 

PUFA + pufa  > 0 

N = 35  

28 (10.0) 7 (14.6) 4 (16.7) 30 (10.0) 5 (19.2) 5 (27.8) 

Adjusted odds ratio 1 1.53 1.76 1 2.15 3.58 

95% CI  0.63-3.73 0.56-5.47  0.76-6.12 1.19-10.72 

P value  0.34 0.33  0.14 0.02 
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Figures Chapter 4: Results Melbourne 

 

              

 

 

 

 

 

 

 

 

 

 

Figure 4.3. Distribution (%) of DHL-affected and non-affected 

children by ICDAS II scores (Melbourne). 

DHL - affected (N = 88), Non - affected (N = 239) 

No statistical difference was found by (χ2(5) = 9.59, p = 0.08) 

 

Figure 4.4. Distribution (%) of DHL-affected and unaffected teeth 

by ICDAS II scores (Melbourne). 

 

DHL - affected (N = 161), Non - affected (N = 7138) 

Statistical difference was found by (χ2(5) = 171.83, p < 0.001) 
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Participation rate and demographics 

Four schools from Talca participated in the present study, represented by one public, 

one private, one subsidised school with co-payment and one subsidised school 

without co-payment.  A total of 598 out of 1150 children aged 6 to 12 y had their 

parents/guardians consent to participate in the present study, and 577 were examined.  

There was a consent rate of 52% (598/1150) and an examination rate of 96% 

(577/598).  According to age group distribution, 31.3% (N = 181) were aged 6 – 7 y, 

followed by 8 – 9 y group (39.9%, N = 230), whilst children aged 10 – 12 y 

comprised 28.8% (N = 166) of participants.  The majority of examined children were 

female (50.6%, N = 292).  The number of children was evenly distributed according 

to the type of school.  The majority of children resided in urban areas (88%, N = 493) 

and the type of health cover was public (68.8%, N = 360).  Almost 90% had visited a 

dental practitioner previously (N = 517) and the reason for dental visits was routine 

check-ups (56.3%, N = 286) followed by dental emergencies (43.7%, N = 222) (Table 

4.31) 

Caries experience  

The DMFT was 0.89 (s.d. 1.48) teeth, increasing to 1.16 teeth (s.d. 1.77, Z = 8.97, p < 

0.001) in the adapted D2MFT format.  The mean value for DMFS was 1.24 (s.d. 2.34) 

surfaces and SiC mean value for DMFT was 2.53 (s.d. 1.57) teeth (Table 4.32). 

The DMFT statistically varied by age (H(3) = 22.96, p < 0.001), type of school (H(2) 

= 77.14, p < 0.001), place of residency (H(1) = 6.89, p = 0.009), type of health cover 

(H(1) = 5.11, p = 0.02) and reasons for dental visits (H(1) = 18.74, p < 0.001).  The 

D2MFT and DMFS followed a similar pattern of statistically significant differences to 

DMFT values according to selected socio-demographic factors (Table 4.32).   

The dmft was 1.79 (s.d. 2.47) teeth.  When reported in the adapted d2mft, this value 

increased to 1.86 teeth (s.d. 2.52, Z = 4.50, p < 0.001).  The dmfs mean value was 

3.35 (s.d. 5.47) surfaces and the SiC mean value for dmft was 4.72 (s.d. 2.17) teeth.  

Age group (H(2) = 51.05, p < 0.001) and reasons for dental visits (H(1) = 25.89 p < 

0.001) had a statistically significant effect on the dmft values (Table 4.32).  Similar 

variations in the d2mft and dmfs according to socio-demographic variables were 

found. 
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The logistic regression analysis for estimating the influence of socio-demographic 

variables upon the caries experience (DMFT higher than zero) in the permanent 

dentition demonstrated that age, type of school, and reason for dental visits had a 

statistically significant influence upon the caries experience in a model explaining 

21% of the variance (χ2(9) = 77.39, p < 0.001, Nagelkerke 21%) (Table 4.33).  

Children aged 8 - 9 y had six times higher odds (OR = 6.03, 95% CI 3.39 – 10.72, p < 

0.001), and children aged 10 - 12 y had three times higher odds (OR = 3.22, 95% CI 

1.89 – 5.49, p < 0.001) of caries experience in the permanent dentition when 

referenced to children aged 6 - 7 y.  Participants from the subsidised without co-

payment school doubled the likelihood for having caries experience in the permanent 

dentition compared to children enrolled in the private school (OR = 2.23, 95% CI 

1.07 – 4.76, p = 0.03).  Children who had visited a dental practitioner only for 

emergency reasons had twice the likelihood of having caries experience in their 

permanent dentition, compared with those who visited a dental practice regularly (OR 

= 1.84, 95% CI 1.22 – 2.79, p = 0.004).  

Socio-demographic factors that predicted higher odds for having caries experience in 

the primary dentition were age and reason for dental visits (Table 4.34).  Participants 

aged 6 - 7 y (OR = 5.72, 95% CI 3.27 – 10.00, p < 0.001) and those aged 8 - 9 y (OR 

= 3.93, 95% CI 2.35 – 6.54, p < 0.001) had statistically higher odds of presenting 

dmft higher than zero compared to children from the oldest age group.  Likewise in 

the permanent dentition, the likelihood of having caries experience in the primary 

dentition doubled for children who had visited the dental practice for emergency 

treatment compared with those who visited it on a regular basis (OR = 2.19, 95% CI 

1.44 – 3.31, p < 0.001).  This model was also significant and explained 18% of the 

variance (χ2(9) = 68.53, p < 0.001, Nagelkerke 18%) 

Caries prevalence 

The proportion of children with ICDAS II Code 0 for all teeth in both dentitions was 

34.5%.  Code 3 was the most frequent (20.8%, N = 120), followed by Code 6 (17.0%, 

N = 98) and Code 4 (12.7%, N =73).  Significant statistical differences in the 

distribution of ICDAS II codes were found by type of school (χ2(15) = 37.26, p < 

0.001) and reason for dental visits (χ2(5) = 51.51, p<0.001).  Private school had the 

highest proportion of children with ICDAS = 0 (45.1%) which was also higher 
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amongst those who visited the dental practitioner regularly compared to those 

children who had only seen the practitioner for emergency purposes (39.9% vs. 

26.6%) (Table 4.35).  

The binary regression model confirmed that type of school and reasons for dental 

visits were associated with caries prevalence (ICDAS II higher than zero) (Table 

4.36).  Participants who attended subsidised school either with (OR = 2.19, 95% CI 

1.10 – 4.38, p = 0.02) or without co-payment (OR = 3.00, 95% CI 1.43 – 6.28, p = 

0.004) had an increased likelihood of having carious lesions when referenced to 

children from private schools.  Children who had visited the dental service for 

emergency treatment demonstrated higher odds for carious lesions than those who had 

visited the service for regular check-ups (OR = 1.64, 95% CI 1.09 – 2.48, p = 0.02).  

The model was significant and explained 6% of the variance (χ2(9) = 20.94, p = 0.01, 

Nagelkerke 6%). 

Linear models illustrated the DMFT and dmft according to ICDAS II merged scores 

and age groups (Table 4.37).  The merged codes that expressed increased dental caries 

severity, statistically predicted an elevated DMFT or dmft per age group.  

Pulpal involvement 

The PUFA and pufa for the sample population were 0.06 (s.d. 0.30) teeth and 0.26 

(s.d. 0.76) teeth, respectively.  Similar to Melbourne data, almost all pulpally involved 

teeth were scored as P or p.  The PUFA was statistically different by age group (H(2) 

= 9.87, p = 0.007), type of school (H(3) = 10.28, p < 0.001) and place of residency 

(H(1) = 8.22, p = 0.004).  Variations in the pufa values were only statistically 

significant by type of school (H(3) = 13.03, p = 0.005) and reasons for dental visits 

(H(1) = 40.07, p < 0.001).  The PUFA/pufa ratio was 14.7%, and this proportion was 

statistically significantly higher in children studying in the public school compared 

with children enrolled in the private school (20.02% vs. 7.29%, H(3) = 11.04, p = 

0.01).  This proportion was also different according to reasons for dental visits (H(1) 

= 26.29, p < 0.001).  Statistically significant differences also existed in the PUFA + 

pufa prevalence by type of school (χ2(3) = 15.94, p = 0.001) and reason for dental 

visits (χ2(1) = 43.37, p < 0.001) (Table 4.38).   

A logistic regression model indicated that the relationship between PUFA + pufa 

prevalence with socio-demographic factors was statistically significant explaining 
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20% of the variation (χ2(9) = 60.85, p<0.001, Nagelkerke 20%).  Type of school and 

reasons for dental visits were associated with PUFA + pufa prevalence (Table 4.39).  

Children from the public schools had increased likelihood of having at least one tooth 

with pulpal involvement than children from the private schools (OR = 5.81, 95% CI 

2.10 – 16.04, p < 0.001).  Children who had visited the dental practice for emergency 

care had higher odds of having PUFA + pufa prevalence greater than zero (OR = 

4.81, 95% CI 2.79 – 8.29, p < 0.001) when referenced to participants that usually had 

regular check-ups. 

Distribution of developmental defects of enamel 

Sixty-four (11.1%) had teeth affected by diffuse opacities and fourteen children were 

diagnosed with enamel hypoplasia (2.4%). The proportion of children with enamel 

defects was 29.1% (N = 168).  The most frequently encountered defects were DHL 

affecting both primary and permanent dentitions, with an overall prevalence of 24.4% 

(N =141) (Table 4.40).  A lower proportion of children with diffuse opacities were 

found in participants from rural areas compared to those residing in urban areas (3.2% 

vs. 12.0%, χ2(3) = 13.47, p = 0.004).  This finding is similar to participants from 

public schools compared to children from private school (4.7 vs. 15.3, χ2(1) = 4.32, p 

= 0.04).  Twenty-one children had hypomineralisation and hypoplasia combined 

(3.6%). 

From the total number of children of this sample, ninety-one had MIH (15.8%) with 

or without incisors affected, twenty-nine (5%) were affected by HSPM.  No statistical 

differences were found between these defects and selected socio-demographic factors 

(Table 4.40).  

Distribution of demarcated hypomineralised lesions of 

enamel 

At child level, the majority of children with DHL had their FPMs affected (64.5%, N 

= 91), followed by affected PIs (27%, N = 38).  Ten children had affected premolars 

(7.1%) and seven (5.0%) children had affected canines.  Four (2.8%) children had 

only one hypomineralised second molar.  The majority of children with 

hypomineralised FPMs had only one molar affected (54.9%) and only five (5.5%) 

children had four molars affected (Table 4.41).  
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In the primary dentition, twenty-nine (20.6%) children had SPMs affected by 

hypomineralisation; seven (5.0%) had their first primary molars affected and six 

(4.3%) presented hypomineralised canines.  Fourteen children (48.3%) with HPSM 

had only one SPM affected, and only two had their four SPMs (6.9%) affected 

simultaneously.  No primary incisors with DHL were detected as they were mostly 

exfoliated (Table 4.41).  

Type of DHL in the permanent dentition 

Amongst all the children from Talca participating, an overall number of 7345 

permanent teeth were examined and 222 (3.0%) of them had clinical evidence of 

hypomineralisation.  In exclusively those children with hypomineralisation, the 

percentage of occurrence of DHL reached 11.3% in permanent teeth (222 of 1966 

permanent teeth examined) and the mean number of teeth affected was 1.85.  The 

highest proportion of these teeth had CW lesions (46.4%, N = 103) and YB lesions 

(23.9%, N = 53).  One tenth of hypomineralised permanent teeth had atypical 

restorations (N = 22) and 7.2% had atypical carious lesions (N = 16).  Post-eruptive 

breakdown in enamel or dentine was encountered in 11.8% of hypomineralised 

permanent teeth (N = 26).  All permanent tooth groups were affected by some type of 

DHL.  Nevertheless, the permanent teeth most affected by this condition were FPMs 

(68.5%, N = 152) and PIs (21.6%, N = 48).  The most frequently hypomineralised 

teeth were right mandibular FPMs (17.7%, N = 39), left mandibular FPMs (17.3%, N 

= 38), left maxillary FPMs (17.3, N = 38), and right maxillary FPMs (16.4%, N = 36).  

Almost all atypical carious lesions (93.8%) and all atypical restorations were in 

FPMs, which was coincident with the largest lesion extent and the worst lesion 

severity.  One permanent tooth was missing due to DHL.  Central PIs also frequently 

had these defects, particularly central left maxillary PIs (6.4%, N = 14), central right 

maxillary (4.5%, N = 10) and central right mandibular PIs (5.5%, N = 12).  Four 

SPeMs (1.8%), eleven premolars (5.0%) and seven permanent canines (3.2%) had 

DHL and most of the lesions were mild (Table 4.42).   

Type of DHL in the primary dentition 

In the primary dentition, 5553 teeth were examined and 65 teeth (1.2%) with DHL 

were detected.  Of those participants with hypomineralisation, 1324 primary teeth 
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were examined with a total prevalence of 4.9% at tooth level and a mean number of 

affected primary teeth of 0.46.  The distribution of DHL in the primary dentition 

demonstrated that all tooth groups were affected, except primary incisors, which were 

mainly exfoliated.  The highest proportion of the affected primary teeth had CW 

lesions (26.2%, N = 17), followed by YB lesions (21.5%, N = 14) and PEB in enamel 

and dentine (24.7%, N = 16).  The proportion of teeth with atypical restorations and 

atypical carious lesions was 10.8% (N = 7) and 1.5% (N = 1), respectively.  Seven 

primary teeth (10.8%) were missing due to DHL.  The primary teeth most frequently 

affected were SPMs (78.5%, N = 51) along with and first primary molars (21.6%, N = 

8).  Left maxillary SPMs (22.4%, N = 13), left mandibular SPMs (20.7%, N = 12), 

right mandibular SPMs (19%, N = 11) and right maxillary SPMs (17.2%, N = 10) 

were the most usually identified as hypomineralised.  Six primary canines also had 

DHL of mild severity (Table 4.43). 

Extent of hypomineralisation 

In general, the majority of children had mild demarcated lesions (61.7%, N = 87) with 

the lesions covering less of 1/3 of the tooth surface (59.6%, N = 84).  No statistically 

significant relationship between socio-demographics and severity or extent of the 

lesions was determined. 

In the permanent dentition the largest proportion of teeth had DHL covering less than 

1/3 of the tooth surface (67.1%, N = 149).  The majority of teeth with mild lesions 

were defective in less than 1/3 of their tooth surface.  Atypical restorations (90.9%, N 

= 2) and atypical carious lesions (81.3%, N = 13) affected a large area (> 1/3) of the 

tooth surface.  Similar results were found in the primary dentition, where the largest 

proportion of teeth was diagnosed with mild lesions covering less than 1/3 of the 

tooth surface (43.1%, N = 28).  In contrast, primary teeth with atypical restorations 

were usually affected in more than 1/3 of their surface (85.8%, N = 6).  

Characteristics of Molar Incisor Hypomineralisation (MIH) 

Of the total sample (N = 577), ninety-one children had clinical manifestations of MIH 

(Table 4.44), equivalent to 15.8% of the total sample and 64.5% of the children 

affected with DHL.  The major proportion (81.3%, N = 74) of the MIH-affected 

children had from 1 to 4 hypomineralised molars without incisor involvement, 
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whereas 13.2% (N = 12) had one incisor affected.  A small proportion of children 

(5.5%, N = 5) had two incisors affected.  Only five children (5.5%) had their four 

FPMs affected with or without affected incisors.  A little fewer than half of these 

children (42.9%, N = 39) had at least one FPM moderately/severely compromised by 

hypomineralisation.  Children who had hypomineralised FPMs with incisor 

involvement had lesions of greater extent compared with children without incisors 

affected (31.3% vs. 12.3%, χ2(4) = 12.77, p = 0.01)  

At child level, the extent of the affected area was positively related with the 

increasing number of hypomineralised molars (χ2(6) = 43.64, p <0.001).  Similar 

effect was found with the severity of the lesions (χ2(3) = 16.76, p = 0.001) (Table 

4.45).  

The distribution between the dental arches with affected hypomineralised molars was 

also related to the extent and severity of the defects at child level (Table 4.46).  When 

both dental arches had affected FPMs, the lesions were larger (χ2(4) = 26.21, p < 

0.001) and more severe (χ2(2) = 19.57, p < 0.001).  

Of the total hypomineralised FPMs (N = 152), intact CW lesions were the most 

prevalent in all FPMs (33.6%, N = 51) followed by YB lesions (28.3%, N = 43).  

Post-eruptive breakdown in enamel or dentine was present in 13.2% (N = 20) of the 

hypomineralised FPMs and atypical carious lesions affected 9.9% (N = 15) of the 

FPMs.  Twenty-two FPMs (14.5%) had atypical restorations.  One left maxillary FPM 

was missing due to DHL.  

The majority of FPMs had mild lesions (61.8%, N = 94) affecting less than 1/3 of the 

tooth surface (57.2%, N = 87).  The extent and characteristics of severity were 

statistically similar across the four FPMs.  

Characteristics of Hypomineralised Second Primary Molars 

(HSPM) 

Twenty-nine children had HSPM (5.0% of the total sample and 20.6% of the DHL-

affected children).  The majority of children (51.7%, N = 15) had more than one 

HSPM, and exhibited moderate/severe hypomineralised lesions (58.6%, N = 17).  

Nonetheless, the increased number of HSPM was not associated with the severity or 

extent of the hypomineralisation (Table 4.46).  The clinical features of severity were 
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statistically associated with the distribution of dental arches affected (Table 4.46).  

Moderate/severe hypomineralisation was most commonly present when both dental 

arches had teeth with HSPM (87.5%, N = 7, χ2(2) = 9.80, p = 0.007).  

The tooth-based distribution of type of DHL present in all HSPM (N = 51) 

determined that CW or YB lesions affected 27.5% (N = 14) and 15.7%, (N = 8) of 

HSPM, respectively.  Post-eruptive breakdown was found in 31.3% of the HSPM and 

one SPM had atypical carious lesions.  Only 13.7% (N = 7) of the HSPM were 

restored.  The largest proportion of affected SPMs have lesions covering less than 1/3 

of the tooth surface (41.2%, N = 21), whereas the majority of SPMs had lesions of 

increased severity (56.9%, N = 29).  Lesion extent was statistically similar across all 

HSPM (χ2(6) = 2.45, p = 0.87).  Yet, maxillary HSPM were characterised by lesions 

of increased severity (χ2(3) = 10.68, p = 0.01).  

Socio-demographic factors and DHL 

The logistic regression showed that none of the selected socio-demographic factors 

had an influence in the presence of DHL (Table 4.47).  Similar results were calculated 

for MIH (Table 4.48); however, children aged 6 - 7 y had increased likelihood of 

presenting HSPM (OR = 6.28, 95% CI 1.28 - 30.9, p = 0.02) (Table 4.49).  

The association between MIH and HSPM 

The coexistent presence of MIH was observed in 11 out 29 HSPM-affected children 

(37.9%).  The presence of HSPM demonstrated a statistically significant three-time 

higher odds ratio for MIH (OR = 3.58, 95 % CI = 1.63-7.85, p = 0.002). 

Analysing the data in relation to the number of HSPM per child, the model 

demonstrated that the presence of a unique HSPM was associated with MIH presence 

(OR 3.08, 95 % CI = 1.01-9.42, p = 0.04).  Moreover, children with more than one 

HSPM also had an increased odds ratio for MIH (OR = 3.73, 95% CI = 1.30-10.76, p 

= 0.02).  In terms of lesion severity, whether the presence of PEB, atypical carious 

lesions or atypical restorations was associated with MIH, the model showed that 

children with moderate/severe HSPM had a higher odds ratio for MIH (OR 3.60, 95% 

CI = 1.36-9.55, p = 0.006) than those without HSPM (Table 4.50). 
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Caries experience and severity between DHL-affected and 

non-affected children 

The caries experience was statistically significantly different between the DHL-

affected and non-affected children (Table 4.51).  A higher DMFT was reported in 

affected children compared with non-affected children (1.28 teeth vs. 0.76 teeth, H(1) 

= 14.23, p < 0.001), particularly in the DT component (1.10 teeth vs. 0.64 teeth, H(1) 

= 15.23, p < 0.001). Similarly, the caries experience by DMFS was also statistically 

significantly different between affected and non-affected groups (1.95 surfaces vs. 

1.01 surfaces, H(1) = 15.61, p < 0.001). 

The PUFA was statistically significantly increased in the DHL-affected group 

compared with non-affected children (0.18 teeth vs. 0.01 teeth, H(1) = 34.96, p < 

0.001). With respect to PUFA + pufa prevalence, the proportion of children of with 

PUFA+ pufa higher than zero was 24.1% whereas in the non-affected group it was 

15.4% (χ2(1) = 5.64, p = 0.02, OR = 1.75, 95% CI 1.10-2.79) (Table 4.51). 

The variations in caries experience between affected and non-affected children were 

calculated controlling by age group and sex (Table 4.52).  The presence of DHL was a 

significant predictor for increased DMFT only for 8-9 year old children in a 

statistically significant model explaining 10% of the variance (F(1, 230) = 21.21, p < 

0.001, R2 = 10%). Correspondingly, DHL had a statistically significant effect in the 

DT component for the same age group, and the model explained 9% of the variation 

(F(1, 230) = 18.39, p < 0.001, R2 = 9%).  Expressed in a different way, female and 

male participants affected by hypomineralisation and aged 8 – 9 y presented higher 

DMFT and DT values than non-affected children in the same age group.  The 

occurrence of DHL had no statistically significant effect over the dmft.  

In respect to the distribution of ICDAS II scores between DHL-affected and non-

affected participants (Figure 4.5), a larger proportion of affected children had Code 3 

(25.5 % vs. 19.3%), Code 4 (13.5% vs. 12.5%) and Code 6 (22.7 % vs. 15.1%) 

compared to participants from the non-affected group (χ2(5) = 11.37, p = 0.04). A 

similar distribution was encountered between DHL-affected and unaffected teeth 

(Figure 4.6) and this difference was statistically significant (χ2(5) = 259.18, p < 0.001) 

In the permanent dentition, the majority of hypomineralised teeth were scored as 

Code 0 (62.2%, N = 141).  Code B (14.4%) and C (14.0%) were the ICDAS II scores 
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more frequently diagnosed.  Initial carious lesions were present in two 

hypomineralised permanent teeth (0.9%).  Almost all atypical carious lesions (94.0%, 

N = 15) were coded as C.  Only 6.8% of affected teeth were restored (Table 4.53).  

FPMs demonstrated the highest proportions from Code 2 consecutively to Code 6.  

One hypomineralised SPeM and one premolar had Code 3 and 6, respectively. 

From a total of 65 primary teeth affected by hypomineralisation (N = 65), the majority 

presented codes higher than zero (61.6%, N = 40).  No hypomineralised teeth with 

Code A were encountered.  Established carious lesions and severe carious lesions 

affected 26.2% (N = 17) and 10.8% (N = 7) of the hypomineralised primary teeth.  

The proportion of restored teeth was 13.8% (N = 9) (Table 4.54).  Carious teeth were 

mainly SPMs (N = 21) followed by first primary molars (N = 3). 

Caries prevalence and DHL 

The association between DHL, MIH and HSPM and caries prevalence was 

demonstrated with regression models (Table 4.55).  The children with DHL had a 

higher likelihood for caries prevalence (ICDAS higher than zero) compared with 

those without DHL (OR = 1.83, 95% CI 1.19 – 2.80, p = 0.005).  More specifically, 

children diagnosed with MIH had an increased odds ratio for caries prevalence when 

referenced to children without MIH (OR = 1.68, 95% CI 1.01 – 2.79, p = 0.04), 

whereas the presence of HSPM did not result in any statistically significant 

association with caries prevalence.  

Dental caries and MIH 

The caries experience expressed by DMFT (1.54 teeth vs. 0.77 teeth, H(1) = 25.14, p 

< 0.001) and D2MFT (1.73 teeth vs. 1.05 teeth, H(1) = 15.21, p < 0.001) was 

statistically significantly different between MIH-affected and non-affected children. 

The existence of MIH increased the likelihood for caries experience (DMFT higher 

than zero) by three times (OR = 2.97, 95% CI 1.88 – 4.71, p < 0.001) and an 

increased number of affected FPMs increased these odds as well (OR = 3.86, 95% CI 

1.95 – 7.63, p < 0.001) (Table 4.46).   

Statistically significant differences (χ2(3) = 32.66, p < 0.001) between ICDAS II 

merged scores and MIH severity were also found (Table 4.57).  The majority of MIH-
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affected children with Code B (62.1%, N = 18) and Code C (N = 77.3%, 17) reported 

increased MIH severity. 

The distribution between the clinical extent of the lesions and ICDAS II merged 

scores demonstrated that the major proportion of MIH-affected children with Code C 

had the largest lesions (40.9%, N = 9, χ2(6) = 22.14, p = 0.001).  Statistical analysis 

showed no difference in the distribution of ICDAS II codes amongst all FPMs. 

Dental caries and HSPM 

The caries experience for the primary dentition expressed by dmft (2.83 teeth vs. 1.73 

teeth, H(1) = 9.86, p = 0.002) and d2mft (2.83 teeth vs. 1.80 teeth, H(1) = 2.50, p = 

0.003) was also statistically different between HSPM-affected and non-affected 

children. 

The concomitance of dmft higher than zero was observed in 24 out of 29 HSPM-

affected children (Table 4.58).  The HSPM presence increased the likelihood of 

occurrence of caries experience in the primary dentition almost five times (OR = 4.8, 

95% CI 1.81 – 12.76, p = 0.002) and the odds ratios were high for dmft higher than 

zero regardless of the presence of one (OR = 5.81, 95% CI 1.29 – 26.20, p = 0.02) or 

more HSPM (OR = 3.78, 95% CI 1.10 – 13.88, p = 0.04).  

There was an insignificant trend showing that increased severity χ2(2) = 2.94, p = 

0.23) of the lesions was associated with increased carious lesions severity scored with 

merged ICDAS II at child level (Table 4.59). 

PUFA + pufa prevalence and DHL 

The analysis of the influence of MIH and HSPM in the PUFA + pufa prevalence 

demonstrated that children with MIH of increased clinical severity had a higher 

likelihood of having at least one tooth scored with PUFA + pufa (OR = 4.81, 95% CI 

1.75 – 13.19, p = 0.002) than children with a sound dentition (Table 4.60).  
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Tables Chapter 4: Results Talca 

Table 4.31. Socio-demographic characteristics of the sample in Talca, Chile 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Total N = 577 (100) 

Variables  

Sex  

Female 292 (50.6) 

Male 285 (49.4) 

Age group  

6-7 181 (31.4) 

8-9 230 (39.9) 

10-12 166 (28.8) 

Type of school  

Private 164 (28.4) 

Subsidised with co-payment 139 (24.1) 

Subsidised without co-payment 126 (21.8) 

Public 148 (25.6) 

Place of residency  

Urban 493 (88.8) 

Rural 62 (11.2) 

Type of health cover  

Public 360 (68.8) 

Private 163 (31.2) 

Have seen a dental practitioner 

before? 

 

Yes 517 (89.9) 

No 58 (10.1) 

Reason for dental visits  

Routine check-up 286 (56.3) 

Emergency  222 (43.7) 
Results may not add due to missing values 
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Table 4.32. Caries experience in the permanent dentition by socio-demographic factors (Talca) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 DMFT D2MFT DMFS dmft d2mft dmfs 

 Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) 

Variables 0.89 (1.48) 1.16 (1.77) 1.24 (2.34) 1.79 (2.47) 1.86 (2.51) 3.35 (5.47) 

Sex       

Female 1.03 (1.61) 1.33 (1.93) 1.45 (2.59) 1.65 (2.5) 1.73 (2.59) 3.20 (5.91) 

Male 0.75 (1.33) 0.99 (1.56) 1.02 (2.03) 1.92 (2.43) 1.99 (2.44) 3.5 (4.98) 

Age in group       

6-7 0.24 (0.63) b 0.32 (0.77) ab 0.27 (0.72) ab 2.36 (2.70) a 2.48 (2.77) a 3.97 (5.15) a 

8-9 0.85 (1.27) b 1.10 (1.51) ac 1.13 (1.87) ac 2.13 (2.65) b 2.19 (2.69) b 4.40 (6.74) b 

10-12 1.65 (1.99) b 2.15 (2.30) bc 2.45 (3.34) bc 0.69 (1.33) ab 0.72 (1.35) ab 1.22 (2.42) ab 

Type of school       

Private 0.45 (0.94) abc 0.59 (1.12) ab 0.57 (1.32) abc 1.40 (1.95)  1.43 (1.96)  2.50 (4.06) a 

Subsidised with co-payment 1.01 (1.54) b 1.38 (1.89) a 1.42 (2.55) a 1.72 (2.54) 1.82 (2.55) 3.23 (5.89) 

Subsidised without co-payment 1.24 (1.76) c 1.67 (2.04) bc 1.69 (2.71) b 1.80 (2.64) 1.91 (2.83) 3.52 (6.36) 

Public 1.00 (1.55) a 1.16 (1.83) c 1.42 (2.53) c 2.28 (2.69)  2.32 (2.69)  4.28 (5.50) a 

Place of residency       

Urban 0.82 (1.35)^ 1.09 (1.62)^ 1.14 (2.22)^ 1.75 (2.43) 1.82 (2.48) 3.25 (5.45)^ 

Rural 1.51 (2.15)^ 1.89 (2.58)^ 2.08 (3.04)^ 2. 40 (2.79) 2.44 (2.88) 4.82 (5.94)^ 

Type of health cover       

Public 0.99 (1.56)^ 1.29 (1.87)^ 1.37 (2.39)^ 1.96 (2.62) 2.04 (2.69) 3.72 (5.80) 

Private 0.69 (1.30)^ 0.92 (1.59)^ 1.02 (2.35)^ 1.52 (2.09) 1.58 (2.10) 2.72 (4.74) 

Have seen a dental practitioner before?       

Yes 0.95 (1.53)^ 1.24 (1.83)^ 1.33 (2.43)^ 1.87 (2.53) 1.94 (2.59) 3.56 (5.67) 

No 0.40 (0.79^ 0.47 (0.84)^ 0.43 (0.90)^ 1.10 (1.70) 1.19 (1.72) 1.60 (2.64) 

Reason for dental visits       

Routine check-up 0.69 (1.28)^^ 0.95 (1.65)^^ 0.93 (2.01)^^ 1.31 (2.01)^^ 1.38 (2.03)^^ 2.21 (3.92)^^ 

Emergency  1.27 (1.77)^^ 1.62 (1.99)^^ 1.85 (2.84)^^ 2.58 (1.89)^^ 2.64 (2.99)^^ 5.32 (7.00)^^ 
^^Significant p-value <0.001 and ^Significant p-value <0.05 by Kruskal-Wallis test 
Identical superscript letters indicate p < 0.001 pairwise comparisons with Kruskal-Wallis test 
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Table 4.33. Binary logistic regression with socio-demographic factors and caries experience in the permanent dentition (i.e. DMFT > 0) (Talca) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables DMFT = 0 

N = 357 

(61.9%) 

DMFT > 0 

N = 220 

(38.1%) 

Adjusted odds 

ratio 

95% Confidence 

interval 

P Value 

Sex      
Female 170 (48.2) 120 (54.5) 1   
Male 185 (51.8) 100 (45.5) 0.79 0.53-1.20 0.27 
Age group      
6-7 151 (42.3) 30 (13.6) 1   
8-9 137 (38.4) 93 (42.3) 6.03 3.39-10.72 <0.001 
10-12 69 (19.3) 97 (44.1) 3.22 1.89-5.49 <0.01 
Type of school      
Private 122 (34.2) 42 (19.1) 1   
Subsidised with co-payment 83 (23.2) 56 (25.5) 1.35 0.65-2.80 0.42 
Subsidised without co-payment 63 (17.6) 63 (28.6) 2.26 1.07-4.76 0.03 
Public 89 (24.9) 59 (39.9) 1.39 0.66-2.93 0.39 
Place of residency      
Urban 310 (91.2) 183 (85.1) 1   
Rural 30 (8.8) 32 (14.9) 1.21 0.62-2.35 0.58 
Type of health cover      
Private 111 (34.5) 52 (25.9) 1   
Public 211 (65.5) 149 (74.1) 0.99 0.54-1.83 0.99 
Reason for dental visits      
Routine check-up 195 (63.5) 91 (45.3) 1   
Emergency  112 (36.5) 110 (54.7) 1.84 1.22-2.79 0.004 
Results may not add due to missing values ,  

Model significant  χ2 (9) = 77.39, p<0.001, Nagelkerke 21% 
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Table 4.34. Binary logistic regression with socio-demographic factors and caries experience in the primary dentition (i.e. dmft > 0) (Talca) 

Variables dmft = 0 

N = 279 (48.4%) 

dmft > 0 

N = 298 

(51.6%) 

Adjusted odds 

ratio 

95% Confidence 

interval 

P Value 

Sex      
Female 156 (55.9) 136 (45.6) 1   
Male 144 (44.1) 162 (54.4) 1.57 1.06-2.35 0.03 
Age group      
10-12 115 (41.2) 51 (17.1) 1   
8-9 95 (34.1) 135 (45.3) 3.93 2.35-6.54 <0.001 
6-7 69 (24.7) 112 (37.6) 5.72 3.27-10.00 <0.001 
Type of school      
Private 81 (29.0) 83 (27.9) 1   
Subsidised with co-payment 74 (26.5) 65 (21.8) 1.32 0.67-2.63 0.42 
Subsidised without co-payment 64 (22.9) 62 (20.8) 1.80 0.88-3.67 0.10 
Public 60 (21.5) 88 (29.5) 2.01 1.00-4.05 0.05 
Place of residency      
Urban 239 (90.5) 254 (87.3) 1   
Rural 25 (9.5) 37 (12.7) 1.69 0.84-3.39 0.14 
Type of health cover      
Private 76 (30.6) 87 (31.6) 1   
Public 172 (69.4) 188 (68.4) 0.83 0.47-1.47 0.39 
Reason for dental visits      
Routine check-up 157 (65.1) 129 (48.3) 1   
Emergency  84 (34.9) 138 (51.7) 2.19 1.44-3.31 <0.001 
Results may not add due to missing values ,  

Model significant χ2 (9) = 68.53, p < 0.001, Nagelkerke 18% 
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Table 4.35. Highest ICDAS II caries scores in both dentitions by socio-demographic factors at child level (Talca) 

 ICDAS II   

 Code 0  

N (%) 

Code 2  

N (%) 

Code 3  

N (%) 

Code 4  

N (%)  

Code 5  

N (%) 

Code 6  

N (%) 

Total         

N (%) 

Sex        

Female 106 (36.3) 22 (7.5) 63 (21.9) 36 (12.3) 21 (7.2) 43 (14.7) 292 (50.6) 

Male 93 (32.6) 15 (5.3) 56 (19.6) 37 (13.0) 29 (10.2) 55 (19.3) 285 (49.6) 

Age group        

6-7 68 (37.6) 8 (4.4) 36 (19.9) 22 (12.2) 17 (9.4) 30 (16.6) 181 (31.4) 

8-9 84 (36.5) 14 (6.1) 47 (20.4) 26 (11.3) 17 (7.4) 42 (18.3) 230 (39.9) 

10-12 47 (28.3) 15 (9.0) 37 (22.3) 25 (15.1) 16 (9.6) 26 (15.7) 166 (28.8) 

Type of school*        

Private 74 (45.1) 8 (4.9) 39 (23.8) 16 (9.8) 14 (8.5) 13 (7.9) 164 (28.5) 

Subsidised with co-payment 40 (29.0) 13 (9.4) 17 (12.3) 25 (18.1) 13 (9.4) 30 (21.7) 139 (24.0) 

Subsidised without co-

payment 

36 (28.6) 12 (9.5) 29 (23.0) 17 (13.5) 10 (7.9) 22 (17.5) 126 (21.9) 

Public 48 (32.4) 4 (2.7) 35 (23.6) 15 (10.1) 13 (8.8) 33 (22.3) 148 (25.7) 

Place of residency        

Urban 172 (34.9) 33 (6.7) 100 (20.3) 63 (12.8) 43 (8.7) 82 (16.6) 493 (88.8) 

Rural 15 (24.1) 3 (4.8) 16 (25.8) 7 (11.3) 7 (11.3) 14 (22.6) 62 (11.2) 

Type of health cover        

Public 116 (32.2) 25 (6.9) 72 (20.0) 46 (12.8) 32 (8.9) 69 (19.2) 360 (68.8) 

Private 61 (37.4) 9 (5.5) 36 (22.1) 22 (13.5) 13 (8.0) 22 (13.5) 163 (31.2) 

Have seen a dental 

practitioner before? 

       

Yes 176 (34.0) 34 (6.6) 109 (21.1) 67 (13.0) 42 (8.1) 89 (17.2) 517 (89.9) 

No 21 (36.2) 3 (5.2) 11 (19.0) 6 (10.3) 8 (13.8) 9 (15.5) 58 (10.1) 

Reason for dental visits**        

Routine check-up 114 (39.9) 22 (7.7) 76 (26.6) 33 (11.5) 18 (6.3) 23 (8.0) 286 (56.3) 

Emergency  59 (26.6) 11 (5.0) 32 (14.4) 32 (14.4) 23 (10.4) 65 (29.3) 222 (43.7) 

Total 199 (34.5) 37 (6.4) 120 (20.8) 73 (12.7) 50 (8.7) 98 (17.0) 577 (100) 
Results may not add to due missing values 

*Significant difference by χ2(15) = 37.26; p = 0.001 and ** Significant difference by χ2(5) = 51.52; p < 0.001 

 

 

 

 



 191 

 

 

Table 4.36. Binary logistic regression with socio-demographic factors and ICDAS II > 0 in both dentition (Talca) 

Variables ICDAS II = 0 

N = 199 (34.5%) 

ICDAS II > 0 

N = 378 (65.5%) 

Adjusted odds ratio 95% Confidence interval P 

Value 

Sex      

Female 106 (53.3) 186 (49.2) 1   

Male 93 (46.7) 192 (50.8) 0.79 0.53-1.19 0.27 

Age group      

10-12 68 (34.2) 113 (29.9) 1   

8-9 84 (42.2) 146 (38.6) 1.02 0.59-1.75 0.96 

6-7 47 (23.6) 119 (31.5) 0.89 0.55-1.42 0.62 

Type of school      

Private 74 (37.2) 90 (23.8) 1   

Subsidised with co-payment 41 (20.6) 98 (25.9) 2.19 1.10-4.38 0.02 

Subsidised without co-payment 36 (18.1) 90 (23.8) 3.00 1.43-6.28 0.004 

Public 48 (24.1) 100 (26.5) 1.72 0.86-3.56 0.13 

Place of residency      

Urban 172 (92.0) 321 (87.2) 1   

Rural 15 (8.0) 47 (12.8) 1.58 0.77-3.21 0.21 

Type of health cover      

Private 61 (34.5) 102 (29.5) 1   

Public 116 (65.5) 244 (70.5) 0.72 0.40-1.31 0.28 

Reason for dental visits      

Routine check-up 114 (65.9) 172 (51.3) 1   

Emergency  59 (34.1) 163 (48.7) 1.64 1.09-2.48 0.02 
Results may not add due to missing values  
Model significant χ2 (9) = 20.94, p = 0.01, Nagelkerke 6% 
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Table 4.37. Linear regression model for caries experience (i.e. DMFT, dmft) by merged ICDAS II and age groups (Talca) 

Merged ICDAS II  
Age group N = 

DMFT 

Mean (s.d.) 

Merged ICDAS II 
Age group N = 

dmft  

Mean (s.d.) 

Permanent  Sound 6-7 149 0.03 (0.20) a  Primary  Sound 6-7 78 0.64 (1.66) d 

dentition  8-9 131 0.11 (0.44) b dentition  8-9 115 0.30 (0.75) e 

  10-12 62 0.26 (0.77) c   10-12 119 0.07 (0.34) f 

  Total 342 0.10 (0.45)   Total 312 0.30 (0.99) 

 Code A  6-7 5 0 a  Code A  6-7 7 0.29 (0.76) d 

  8-9 17 0.12 (0.49) b   8-9 3 2.00 (3.46) e 

  10-12 17 0.12 (0.33) c   10-12 2 0 f 

  Total 39 0.10 (0.38)   Total 12  0.66 (1.78) 

 Code B  6-7 24 1.46 (0.83) a  Code B  6-7 51 3.02 (2.07) d 

  8-9 69 2.01 (1.14) b   8-9 57 2.60 (1.60) e 

  10-12 65 2.83 (1.85) c   10-12 19 2.05 (1.31) f 

  Total 158 2.27 (1.52)   Total 127 2.69 (1.79) 

 Code C  6-7 3 1.67 (0.58) a  Code C  6-7 45 4.91 (2.65) d 

  8-9 13 3.00 (1.15) b   8-9 55 5.45 (2.63) e 

  10-12 22 3.27 (2.05) c   10-12 26 2.62 (1.68) f 

  Total 38 3.05 (1.74)   Total 126 4.67 (2.68) 

Total   577 0.89 (1.48)    577 1.79 (2.47) 
Univariate Models were computed for each age group separately.  

Univariate models for DMFT: a F(1, 181) = 127.83, p<0.001, R2= 68%, b F(1, 230) = 131.32, p<0.001, R2= 63%; c F(1, 166) = 48.28, p<0.001, R2=57%; 
Univariate models for dmft: d F(1, 181) = 45.89, p<0.001, R2= 44%; e F(1, 230) = 124.83, p<0.001, R2= 62%; f F(1, 1.66) = 84.26, p<0.001, R2= 61% 
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Table 4.38. Pulpal involvement by socio-demographic factors (Talca). 

 PUFA  

experience 

pufa  

experience 

PUFA/pufa  

ratio 

PUFA + pufa prevalence  

Variables Mean (s.d.) Mean (s.d.) Mean % (s.d.) N (%) = 101 (17.5) 

 0.06 (0.30) 0.26 (0.76) 14.73 (28.8)  

Sex     

Female 0.06 (0.31) 0.25 (0.82) 14.01 (27.47) 45 (15.4) 

Male 0.05 (0.28) 0.27 (0.70) 15.41 (29.08) 56 (19.6) 

Age group     

6-7 0.01 (0.1)a 0.29 (0.84) 16.28 (31.56) 30 (16.6) 

8-9 0.06 (0.31) 0.33 (0.86) 12.99 (23.72) 43 (18.7) 

10-12 0.10 (0.39)a 0.14 (0.45) 15.39 (30.18) 28 (16.9) 

Type of school     

Private 0.01 (0.11)ab 0.12 (0.57) ab 7.29 (20.40)ab 13 (7.9)^ 

Subsidised with co-payment 0.03 (0.21) 0.36 (0.90)b 17.00 (29.80)a 30 (21.7)^ 

Subsidised without co-

payment 

0.08 (0.3)b 0.29 (0.79) 13.53 (25.50) 23 (18.3)^ 

Public 0.11 (0.45)a 0.30 (0.78)a 20.02 (33.31)b 35 (23.6)^ 

Place of residency     

Urban 0.04 (0.26)* 0.27 (0.78) 14.04 (27.39) 83 (16.8) 

Rural 0.16 (0.52)* 0.24 (0.59) 18.66 (32.30) 16 (25.8) 

Type of health cover     

Public 0.07 (0.34) 0.30 (0.81) 16.76 (30.10) 71 (19.7) 

Private 0.04 (0.22) 0.18 (0.57) 11.05 (24.59) 23 (14.1) 

Have seen a dental 

practitioner before? 

    

Yes 0.06 (0.31) 0.27 (0.78) 15.14 (28.82) 92 (17.8) 

No 0.02 (0.13) 0.21 (0.64) 11.05 (22.78) 9 (15.5) 

Reason for dental visits     

Routine check-up 0.06 (0.33) 0.10 (0.44)** 9.12 (24.97)** 23 (8.0)^^ 

Emergency  0.07 (0.29) 0.49 (1.03)** 21.41 (31.39)** 68 (30.6)^^ 
^ Significant difference by (χ2(3) = 15.94; p = 0.001), ^^  Significant difference by χ2 2(1) = 43.37; p < 0.001) 

*Significant p-values <0.05 by Kruskal-Wallis test 

**Significant p-values <0.001 by Kruskal-Wallis test 
Identical superscripts demonstrate significant differences p <0.05 in pairwise comparisons by Kruskal-Wallis test  
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Table 4.39. Binary logistic regression with socio-demographic factors in the PUFA+ pufa affected and non-affected children (i.e. PUFA + pufa > 

0) (Talca) 

 

Variables PUFA + pufa = 0                

N = 476 (82.5%) 

PUFA + pufa > 0             

N = 101 (17.5%) 

Adjusted odds 

ratio 

95% Confidence 

interval 

P value 

Sex      

Female 247 (84.6) 45 (15.4) 1   

Male 229 (80.4) 56 (19.6) 1.61 0.97-2.69 0.07 

Age group      

10-12 138 (83.1) 28 (16.9) 1   

8-9 187 (81.3) 43 (18.7) 1.82 0.97-3.14 0.06 

6-7 151 (83.4) 30 (16.6) 1.70 0.85-3.40 0.14 

Type of school      

Private 151 (92.1) 13 (7.9) 1   

Subsidised with co-payment 109 (78.4) 30 (21.6) 4.80 1.76-13.13 0.002 

Subsidised without co-payment 103 (81.7) 23 (18.3) 5.17 1.82-14.66 0.002 

Public 113 (76.4) 35 (23.6) 5.81 2.10-16.04 0.001 

Place of residency      

Urban 410 (83.2) 83 (16.8) 1   

Rural 46 (74.2) 16 (25.8) 1.18 0.55-2.56 0.67 

Type of health cover      

Private 140 (85.9) 23 (14.1) 1   

Public 289 (80.3) 71 (19.7) 0.69 0.32-1.45 0.33 

Reason for dental visits      

Routine check-up 263 (92.0) 23 (8.0) 1   

Emergency  154 (69.4) 68 (30.6) 4.81 2.79-8.29 <0.001 
Results may not add due to missing values,  

Model significant χ2(9) = 60.85, p<0.001, Nagelkerke 20% 
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Table 4.40. Distribution of developmental defects by socio-demographic factors (Talca) 

Variables Diffuse 

opacities 

N (%) = 64 

(11.1) 

Hypoplasia 

N (%) = 14 

(2.4) 

All DDE  

N (%) = 168 

(29.1) 

DHL 

N (%) = 141 

(24.4) 

MIH 

N (%) = 91 

(15.8) 

HSPM 

N (%) = 29 

(5.0) 

Total 

N (%) = 577 

(100) 

Sex        

Female 26 (8.9) 6 (2.1) 90 (30.8) 79 (27.1) 52 (17.8) 17 (5.8) 292 (50.6) 

Male 38 (13.4) 8 (2.8) 78 (27.4) 62 (21.8) 39 (13.7) 12 (4.2) 285 (49.4) 

Age group        

6-7 21 (11.6) 5 (2.8) 53 (29.3) 39 (21.5) 24 (13.3) 13 (7.2) 181 (31.3) 

8-9 25 (10.9 7 (3.0) 71 (30.9) 61 (26.5) 41 (17.8) 12 (5.2) 230 (39.9) 

10-12 18 (10.8) 2 (1.2) 44 (26.5) 41 (24.7) 26 (15.7) 4 (2.4) 166 (28.8) 

Type of school        

Private 25 (15.3)* 7 (4.3) 56 (34.1) 35 (21.3) 20 (12.2) 11 (6.7) 164 (28.4) 

Subsidised with co-payment 22 (15.9)* 3 (2.2) 43 (30.9) 32 (23.2) 22 (15.8) 2 (1.4) 139 (24.0) 

Subsidised without co-payment 10 (7.9)* 2 (1.6) 37 (29.4) 37 (29.4) 24 (19.0) 9 (7.1) 126 (21.9) 

Public 7 (4.7)* 2 (1.4) 32 (21.6) 37 (25.0) 25 (16.9) 7 (4.7) 148 (25.7) 

Place of residency        

Urban 59 (12.0)** 13 (2.6) 152 (30.8) 122 (24.7) 81 (16.4) 25 (5.1) 493 (88.8) 

Rural 2 (3.2)** 1 (1.6) 12 (19.4) 15 (24.2) 9 (14.5) 4 (6.5) 62 (11.2) 

Type of health cover        

Public 36 (10.0) 7 (1.9) 97 (26.9)*** 85 (23.6) 59 (16.4) 18 (5.0) 360 (68.8) 

Private 24 (14.8) 7 (4.3) 61 (37.4)*** 41 (25.3) 27 (16.6) 9 (5.5) 163 (31.2) 

Have seen a dental practitioner 

before? 

       

Yes 54 (10.5) 12 (2.3) 146 (28.2) 126 (24.4) 83 (16.1) 24 (4.6) 517 (89.9) 

No 10 (17.2) 2 (3.4) 22 (37.9) 15 (25.9) 8 (13.8) 5 (8.6) 58 (10.1) 

Reason for dental visits        

Routine check-up 30 (10.5) 3 (1.1) 80 (28.0) 67 (23.4) 46 (16.1) 11 (3.8) 286 (56.3) 

Emergency  21 (9.5) 9 (4.1) 62 (27.9) 58 (26.1) 36 (16.2) 13 (5.9) 222 (43.7) 

DDE developmental defects of enamel, DHL demarcated hypomineralised lesions of enamel  

*Significant differences by χ2(3) = 13.47; p = 0.004, ** Significant differences by χ2(1) = 4.32; p = 0.04, and ***Significant differences by χ2(1) = 5.84; p = 0.02 
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Table 4.41. Distribution of DHL by frequency of involvement at child level (Talca) 

 Once  

N (%) 

Twice  

N (%) 

Thrice  

N (%) 

Four times  

N (%) 

Total  

N = 141 (%)  

Permanent dentition      

Second molars 4 (100) 0 0 0 4 (2.8) 

First molars 50 (54.9) 26 (28.6) 10 (11.0) 5 (5.5) 91 (64.5) 

Premolars 9 (90.0) 1 (10.0) 0 0 10 (7.1) 

Canines 7 (100) 0 0 0 7  (5.0) 

Incisors 29 (76.3) 8 (21.1) 1 (2.6) 0 38 (27.0) 

Primary dentition      

Second molars 14 (48.3) 10 (34.5) 3 (10.3) 2 (6.9) 29 (20.6) 

First molars 6 (85.7) 1 (14.3) 0 0 7 (5.0) 

Canines 6 (100) 0 0 0 6 (4.3) 

Incisors 0 0 0 0 0 
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Table 4.42. Distribution of type of DHL in permanent teeth (Talca) 

 

Type of 

DHL 

FDI World Dental Federation ISO-3950 notation. Permanent dentition 

 

Total 

17 16 15 14 13 12 11 21 22 23 24 25 26 27 37 36 35 34 33 32 31 41 42 43 44 45 46 47  

 
CW with 

no PEB 
1 

(1.0) 
11 

(10.7) 
0 2 

(1.9) 
1 

(1.0) 
1(1.0) 8 

(7.8) 
8 

(7.8) 
2 

(1.9) 
0 3 

(2.9) 
0 15 

(14.6) 
0 2 

(1.9) 
10 

(9.7) 
2 

(1.9) 
0 1 

(1.0) 
2 

(1.9) 
1 

(1.0) 
10 

(9.7) 
3 

(2.9) 
2 

(1.9) 
1 

(1.0) 
1 15 

(14.6) 
1 

(1.0) 
103 

(46.4) 

CW with 

PEB in 

enamel 

0 0 0 0 0 0 0 1 

(14.3) 
0 0 0 0 1 

(14.3) 
0 0 0 0 0 0 0 0 2 

(28.6) 
1 

(14.3) 
2 

(28.6) 
0 0 0 0 7 (3.2) 

CW with 

PEB in 

dentine 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

YB with no 

PEB 
0 10 

(18.9) 
0 0 1(1.9) 0 2 

(3.8) 
5 

(9.4) 
1 

(1.9) 
0 0 0 10 

(18.9) 
0 0 13 

(24.5) 
0 1 

(1.9) 
0 0 0 0 0 0 0 0 10 

(18.9) 
0 53 

(23.9) 

YB with 

PEB in 

enamel 

0 2 

(18.2) 
0 0 0 0 0 0 0 0 0 0 3 

(27.3) 
0 0 2 

(18.2) 
0 0 0 0 0 0 0 0 0 0 4 

(36.4) 
0 11 (5.0) 

YB with 

PEB in 

dentine 

0 4 

(50.0) 
0 0 0 0 0 0 0 0 0 0 0 0 0 3 

(37.5) 
0 0 0 0 0 0 0 0 0 0 1 

(12.5) 
0 8 (3.6) 

Atypical 

restorations 
0 4 

(18.2) 
0 0 0 0 0 0 0 0 0 0 4 

(18.2) 
0 0 8 

(36.4) 
0 0 0 0 0 0 0 0 0 0 6 

(27.3) 
0 22 (9.9) 

Atypical 

carious 

lesions 

0 5 

(31.3) 
0 0 0 0 0 0 0 0 1 

(6.3) 
0 5 

(31.3) 
0 0 2 

(12.5) 
0 0 0 0 0 0 0 0 0 0 3 

(18.8) 
0 16 (7.2) 

Missing 

due to 

DHL 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

(100) 

0 0 0 0 0 0 0 0 0 0 0 0 1 (0.5) 

Partially 

erupted 

with signs 

of DHL 

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 (0.5) 

Total 1 

(0.5) 
36 

(16.2) 
0 2 

(0.9) 
2 

(0.9) 
1 

(0.5) 
10 

(4.5) 
15 

(6.8) 
3 

(1.4) 
0 4 

(1.8) 
0 38 

(17.1) 
0 2 

(0.9) 
39 

(17.3) 
2 

(0.9) 
1 

(0.5) 
1 

(0.5) 
2 

(0.9) 
1 

(0.5) 
12 

(5.5) 
4 

(1.8) 
4 

(1.8) 
1 

(0.5) 
1 

(0.5) 
39 

(17.7) 
1 

(0.5) 
222 

(100) 

FDI Fédération Dentaire Internationale, DHL demarcated hypomineralised lesion of enamel, CW creamy/white demarcated lesions, YB yellow/brown demarcated lesions, PEB post-eruptive enamel breakdown. 
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Table 4.43. Distribution of type of DHL in primary teeth (Talca) 

 

Type of DHL FDI World Dental Federation ISO-3950 notation. Primary dentition Total 

55 54 53 52 51 61 62 63 64 65 75 74 73 72 71 81 82 83 84 85 

CW with no PEB 4 (23.5) 0 2 (11.8) 0 0 0 0 1 (5.9) 0 7 (41.2) 2 (11.8) 0 0 0 0 0 0 0 0 1 (5.9) 17 (26.2) 

CW with PEB in enamel 0 0 0 0 0 0 0 0 0 0 1 (50.0) 0 0 0 0 0 0 0 0 1 (50.0) 2 (3.1) 

CW with PEB in dentine 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 (100) 1 (1.5) 

YB with no PEB 3 (21.4) 1 (7.1) 1(7.1) 0 0 0 0 0 2 (14.3) 2 (14.3) 3 (21.4) 1 (7.1) 0 0 0 0 0 1 (7.1) 0 0 14 (21.5) 

YB with PEB in enamel 2 (16.7) 0 0 0 0 0 0 1 (8.3) 0 1 (8.3) 3 (25.0) 0 0 0 0 0 0 0 0 5 (41.7) 12 (18.5) 

YB with PEB in dentine 0 1 (25.0) 0 0 0 0 0 0 1 (25.0) 1 (25.0) 0 0 0 0 0 0 0 0 0 1 (25.0) 4 (6.2) 

Atypical restorations 1 (14.3) 0 0 0 0 0 0 0 0 2 (28.6) 3 (42.9) 0 0 0 0 0 0 0 0 1 (14.3) 7 (10.8) 

Atypical carious lesions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 (100) 1 (1.5) 

Missing due to DHL 1 (14.3) 1 (14.3) 0 0 0 0 0 0 1 (14.3) 1 (14.3) 2 (28.6) 0 0 0 0 0 0 0 0 1 (100) 7 (10.8) 

Total 11 (16.9) 3 (4.6) 3 (4.6) 0 0 0 0 2 (3.1) 4 (6.2) 14 (21.5) 14 (21.5) 1 (1.5) 0 0 0 0 0 1 (1.5) 0 12 (18.5) 65 (100) 

FDI Fédération Dentaire Internationale, DHL demarcated hypomineralised lesion of enamel, CW creamy/white demarcated lesions, YB yellow/brown demarcated lesions, PEB post-eruptive enamel breakdown. 
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Table 4.44. Number of hypomineralised PIs by frequency of hypomineralised FPMs, lesion extent and severity at child level (Talca) 

 

   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 Number of affected PIs per child 

 None affected N (%) One N (%) Two N (%) Total N (%) 

Number of affected FPMs per child     

One 45 (90.0) 4 (8.0) 1 (2.0) 50 (54.9) 

Two 19 (73.1) 5 (19.2) 2 (7.7) 26 (28.6) 

Three 7 (70.0) 2 (20.0) 1 (10.0) 10 (11.0) 

Four  3 (60.0) 1 (20.0) 1 (20.0) 5 (5.5) 

Lesion extent of affected FPMs*     

<1/3 45 (91.8) 4 (8.2) 0 49 (53.8) 

1/3-2/3 20 (76.9) 3 (11.5) 3 (11.6) 26 (28.6) 

>2/3 9 (12.3) 5 (31.3) 2 (12.5) 16 (17.6) 

Severity of affected FPMs     

Mild 46 (88.5) 5 (9.6) 1 (1.9) 52 (57.1) 

Moderate/Severe 28 (71.8) 7 (17.9) 4 (10.3) 39 (42.9) 

Total 74 (81.3) 12 (13.2) 5 (5.5) 91 (100) 
*Significant difference by  χ2(4) = 12.77, p = 0.01 
PIs permanent incisors, FPMs first permanent molars. 
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Table 4.45. Lesion extent and severity by frequency of hypomineralised FPMs and dental arch affected at child level (Talca) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Lesion extent Severity  Total  

 <1/3 N(%) 1/3-2/3 N(%) >2/3 N(%) Mild N(%) Moderate/Severe N(%) N (%)  

Number of hypomineralised  

FPMs per child* 

       

One 38 (76.0) 10 (20.0) 2 (4.0) 37 (74.0) 13 (26.0) 50 (54.9)  

Two 9 (34.6) 13 (50.0) 4 (15.4) 12 (46.2) 14 (53.8) 26 (28.6)  

Three 2 (20.0) 2 (20.0) 6 (60.0) 3 (30.0) 7 (70.0) 10 (11.0)  

Four  0 1 (20.0) 4 (80.0) 0 5 (100) 5 (5.5)  

        

Arch affected*        

Maxillary 24 (70.6) 9 (26.5) 1 (2.9) 25 (73.5) 9 (26.5) 34 (37.4)  

Mandibular 20 (62.5) 9 (28.1) 3 (9.4) 22 (68.8) 10 (31.2) 32 (35.2)  

Both 5 (10.0) 8 (32.0) 12 (48.0) 5 (20.0) 20 (80.0) 25 (27.5)  

        

Total 49 (53.8) 26 (28.6) 16 (17.6) 52 (57.1) 39 (42.9) 91 (100)  
* Significant difference p <0.05 by extent and severity. 

FPMs first permanent molars. 
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Table 4.46. Lesion extent and severity by the frequency of HSPM at child level (Talca) 

 Lesion extent Severity Total N (%) 

 <1/3 N (%) 1/3-2/3 N (%) >2/3 N (%) Mild N (%) Moderate/Severe N (%) 

Number of HSPM per child       

One 7 (50.0) 4 (28.6) 3 (21.4) 8 (57.1) 6 (42.9) 14 (48.3) 

Two 4 (40.0) 4 (40.0) 2 (20.0) 4 (40.0) 6 (60.0) 10 (34.5) 

Three 0 1 (33.3) 2 (66.7) 0 3 (100) 3 (10.3) 

Four 0 2 (100) 0 0 2 (100) 2 (6.9) 

       

Arch affected^       

Maxillary 6 (60.0) 3 (30.0) 1 (10.0) 8 (80.0) 2 (20.0) 10 (34.5) 

Mandibular 5 (45.4) 3 (27.3) 3 (27.3) 3 (7.3) 8 (72.7) 11 (37.9) 

Both 0 5 (62.5) 3 (37.5) 1 (12.5) 7 (87.5) 8 (27.6) 

       

Total 11 (37.9) 11 (37.9) 7 (24.1) 12 (41.4) 17 (58.6) 29 (100) 
^Significant differences p < 0.05 with severity 
HSPM hypomineralised second primary molars 
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Table 4.47. Binary logistic regression with socio-demographic factors in DHL-affected and non-affected children (Talca) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables Non-affected  

N = 436 

Affected           

N = 141 

Adjusted odds 

ratio 

95% Confidence 

interval 

P value 

Sex      
Female 213 (72.9) 79 (27.1) 1   
Male 223 (78.2) 62 (21.8) 0.87 0.56-1.34 0.52 
Age group      
10-12 125 (75.3) 41 (24.7) 1   
8-9 169 (73.5) 61 (26.5) 1.11 0.65-1.89 0.70 
6-7 142 (78.5) 39 (21.5) 0.89 0.49-1.61 0.71 
Type of school      
Private 129 (78.7) 35 (21.3) 1   
Subsidised with co-payment 106 (76.8) 32 (23.2) 1.04 0.49-2.32 0.92 
Subsidised without co-payment 89 (70.6) 37 (29.4) 1.47 0.68-3.17 0.33 
Public 111 (75.0) 37 (25.0) 1.11 0.51-2.41 0.79 
Place of residency      
Urban 371 (75.3) 122 (24.7) 1   
Rural 47 (75.8) 15 (24.2) 1.04 0.51-2.11 0.92 
Type of health cover      
Private 122 (74.8) 41 (25.3) 1   
Public 275 (76.4) 85 (23.6) 0.98 0.51-1.84 0.94 
Reason for dental visits      
Routine check-up 219 (76.6) 67 (23.4) 1   
Emergency  164 (73.9) 58 (26.1) 1.19 0.77-1.85 0.43 
Results may not add due to missing values  

No significant predictors were found 
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Table 4.48. Binary logistic regression with socio-demographic factors in MIH-affected and non-affected children (Talca) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables Non-affected 

N = 486 

Affected 

N = 91 

Adjusted odds 

ratio 

95% Confidence 

interval 

P value 

Sex      
Female 240 (82.2) 52 (17.8) 1   
Male 246 (86.3) 39 (13.7) 0.84 0.51-1.37 0.48 
Age group      
10-12 140 (84.3) 26 (15.7) 1   
8-9 189 (82.2) 41 (17.8) 1.18 0.64-2.16 0.59 
6-7 157 (86.7) 24 (13.3) 0.92 0.47-1.81 0.81 
Type of school      
Private 144 (87.8) 20 (12.2) 1   
Subsidised with co-payment 117 (84.2) 22 (15.8) 1.16 0.48-2.80 0.74 
Subsidised without co-payment 102 (81.0) 24 (19.0) 1.64 0.68-3.96 0.27 
Public 123 (83.1) 25 (16.9) 1.25 0.52-3.04 0.62 
Place of residency      
Urban 412 (83.6) 81 (16.4) 1   
Rural 53 (85.5) 9 (14.5) 0.96 0.42-2.18 0.92 
Type of health cover      
Private 136 (83.4) 27 (16.6) 1   
Public 301 (83.6) 59 (16.4) 0.89 0.44-1.85 0.77 
Reason for dental visits      
Routine check-up 240 (83.9) 46 (16.1) 1   
Emergency   186 (83.8) 36 (16.2) 1.06 0.64-1.75 0.82 
Results may not add due to missing values. 

No significant predictors were found 
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Table 4.49. Binary logistic regression with socio-demographic factors in HSPM-affected and non-affected children (Talca) 

 

 

 

 

Variables Non-affected 

N = 486 

Affected 

N = 29 

Adjusted odds 

ratio 

95% Confidence 

interval 

P value 

Sex      
Female 275 (94.2) 17 (5.8) 1   
Male 273 (95.8) 12 (4.2) 0.52 0.21-1.28 0.16 
Age group      
10-12 162 (97.6) 4 (2.4) 1   
8-9 218 (94.8) 12 (5.2) 4.06 0.85-19.48 0.08 
6-7 168 (92.8) 13 (7.2) 6.28 1.28-30.89 0.02 
Type of school      
Private 153 (93.3) 11 (6.7) 1   
Subsidised with co-payment 137 (98.6) 2 (1.4) 0.06 0.01-0.58 0.02 
Subsidised without co-payment 117 (92.9) 9 (7.1) 0.53 0.14-2.09 0.37 
Public 141 (95.3) 7 (4.7) 0.25 0.06-1.07 0.06 
Place of residency      
Urban 468 (94.9) 25 (5.1) 1   
Rural 58 (93.5) 4 (6.5) 1.6 0.46-5.54 0.46 
Type of health cover      
Private 154 (94.5) 9 (5.5) 1   
Public 342 (95.0) 18 (5.0) 3.35 0.88-12.74 0.07 
Reason for dental visits      
Routine check-up 275 (96.2) 11 (3.8) 1   
Emergency  209 (94.1) 13 (5.9) 2.23 0.90-5.54 0.08 
Results may not add due to missing values  

Model significant  χ2(9) = 23.11, p = 0.006, Nagelkerke 15% 
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Table 4.50. Binary logistic regression models with HSPM frequency and severity as predictors in MIH-affected and non-affected children 

(Talca) 

 

N: Number of children 

 

 

 

 

 

 

 

 

 HSPM non-

affected N = 548 

(%) 

HSPM-affected 

N = 29 (%) 

One HSPM 

N = 14 (%) 

More than one 

HSPM   

N = 15 (%) 

Mild HSPM       

N = 12 (%) 

Moderate/Severe 

HSPM N = 17 (%) 

With MIH N = 91 80 (14.6) 11 (37.9) 5 (35.7) 6 (40.0) 4 (33.3) 7 (41.2) 

Without MIH N = 486 468 (85.4) 18 (62.1) 9 (64.3) 9 (60.0) 8 (66.7) 10 (58.8) 

Adjusted odds ratio 1 3.58 3.08 3.73 3.15 3.60 

95% CI  1.63-7.85 1.01-9.42 1.30-10.76 0.90-10.98 1.36-9.55 

P value  0.002 0.04 0.02 0.07 0.006 
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Table 4.51. Caries experience, caries severity and pulpal involvement of DHL-affected and non-affected Children (Talca) 

Caries experience mean (s.d.) Affected N = 141 Non-affected  N = 436 All Children N = 577 

DMFT* 1.28 (1.72) 0.76 (1.38) 0.89 (1.48) 

DT* 1.10 (1.49) 0.64 (1.27) 0.75 (.134) 

MT 0.01 (0.08) 0 0.001 (0.04) 

FT 0.22 (0.73) 0.12 (0.46) 0.14 (0.54) 

dmft 1.79 (2.38) 1.78 (2.49) 1.79 (2.47) 

dt 1.19 (1.76) 1.19 (1.89) 1.19 (1.85) 

mt 0.09 (0.39) 0.11 (0.49) 0.10 (0.47) 

ft 0.52 (1.08) 0.49 (1.08) 0.49 (1.08) 

DMFS* 1.95 (3.09) 1.01 (1.98) 1.24 (2.34) 

DS* 1.50 (2.46) 0.79 (1.68) 0.97 (1.92) 

MS 0.04 (0.42) 0 0.01 (0.21) 

FS 0.42 (1.39) 0.21 (0.80) 0.26 (0.98) 

dmfs 3.10 (4.91) 3.43 (5.64) 3.35 (5.47) 

ds 1.76 (2.92) 1.98 (3.48) 1.92 (3.35) 

ms 0.43 (1.94) 0.55 (2.46) 0.52 (2.34) 

fs 0.91 (1.96) 0.91 (2.03) 0.91 (2.01) 

Pulpal involvement    

PUFA mean (s.d.)* 0.18 (0.54) 0.01 (0.12) 0.06 (0.30) 

pufa  mean (s.d.) 0.24 (0.62) 0.27 (0.80) 0.26 (0.76) 

PUFA/pufa ratio mean % (s.d.) 16.98 (29.59) 13.81 (27.73) 14.73 (28.28) 

PUFA + pufa prevalence N (%)** 34 (24.1) 67 (15.4) 101 (17.5) 
*Significant p-value <0.05 by Kruskal-Wallis analysis, **Significant difference by χ2(1) = 5.64, p = 0.02, OR = 1.75, 95% CI  1.10-2.79. 
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Table 4.52. Caries experience (i.e. DMFT, dmft) of DHL-affected and non-affected children by sex and age groups (Talca) 

 

 

 

DHL presence Sex Age group N = DMFT DT MT FT dmft dt mt ft 

    Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d.) 

Affected Female  6-7 23 0.26 (0.62) 0.22 (0.52) 0 0.04 (0.21) 2.30 (2.70) 1.30 (1.82) 0.13 (0.46) 0.87 (1.71) 

  8-9 33 1.33 (1.71)^ 1.15 (1.64)** 0 0.18 (0.58) 2.00 (2.76) 1.33 (1.91) 0.18 (0.64) 0.48 (0.83) 

  10-12 23 2.47 (2.17) 2.00 (2.07) 0.04 (0.21) 0.78 (1.44) 0.58 (1.07) 0.30 (0.70) 0 0.17 (0.39) 

  Total 79 1.46 (1.99) 1.13 (1.69) 0.01 (0.11) 0.32 (0.91) 1.65 (2.46) 1.03 (1.67) 0.11 (0.48) 0.51 (1.11) 

 Male  6-7 16 0.31 (0.60) 0.31 (0.60) 0 0 1.69 (1.66) 1.06 (1.13) 0.06 (0.25) 0.56 (0.89) 

  8-9 28 1.60 (1.47)^ 1.43 (1.43)** 0 0.18 (0.48) 2.75 (2.56) 2.07 (2.31) 0.07 (0.26) 0.61 (1.23) 

  10-12 18 0.69 (0.85) 0.83 (0.86) 0 0 1.46 (2.29) 0.67 (1.19) 0 0.39 (0.98) 

  Total 62 1.05 (1.25) 0.97 (1.19) 0 0.8 (0.33) 1.98 (2.30) 1.40 (1.86) 0.05 (0.22) 0.53 (1.07) 

 Total  141 1.28 (1.72) 1.10 (1.49) 0.01 (0.08) 0.21 (0.73) 1.79 (2.39) 1.19 (1.76) 0.09 (0.39) 0.52 (1.09) 

Non-affected Female 6-7 63 0.35 (0.8) 0.32 (0.78) 0 0.03 (0.25) 2.57 (3.01) 1.57 (2.37) 0.05 (0.28) 0.95 (1.68) 

  8-9 86 0.74 (1.13)^ 0.66 (1.08)** 0 0.08 (0.35) 1.83 (2.62) 1.05 (1.75) 0.26 (0.86) 0.53 (1.06) 

  10-12 64 1.48 (1.79) 1.23 (1.77) 0 0.31 (0.79) 0.60 (1.09) 0.41 (0.89) 0 0.09 (0.39) 

  Total 213 0.89 (1.41) 0.73 (1.31) 0 0.14 (0.52) 1.65 (2.52) 1.01 (1.82) 0.12 (0.57) 0.53 (1.19) 

 Male 6-7 79 0.14 (0.45) 0.11 (0.42) 0 0.03 (0.16) 2.34 (2.63) 1.71 (2.18) 0.16 (0.52) 0.47 (0.89) 

  8-9 83 0.51 (0.93)^ 0.42 (0.89)** 0 0.08 (0.36) 2.27 (2.67) 1.51 (1.98) 0.12 (0.42) 0.64 (1.16) 

  10-12 61 1.38 (1.68) 1.33 (1.85) 0 0.23 (0.62) 1.02 (1.53) 0.70 (1.31) 0 0.16 (0.61) 

  Total 223 0.66 (1.34) 0.56 (1.24) 0 0.10 (0.41) 1.91 (2.46) 1.36 (1.94) 0.10 (0.41) 0.45 (0.96) 

 Total  436 0.76 (1.38) 0.64 (1.27) 0 0.12 (0.46) 1.78 (2.49) 1.19 (1.89) 0.11 (0.49) 0.49 (1.08) 
Univariate Models were computed for each age group separately, including DHLs presence and sex as predictors. 
^DHL is a significant predictor for increased DMFT in the 8-9 year-old group F(1, 230) = 21.21, p<0.001, R2= 10% 

 **DHL is a significant predictor for increased DT in the 8-9 year-old group F(1, 230) = 18.39, p<0.001, R2= 9%  
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Table 4.53. ICDAS II scores by type of DHL in hypomineralised permanent teeth  (Talca) 

 ICDAS II  

Type of DHL 
Code 0  

N (%) = 141 (62.2) 

Code A  

N (%) = 2 (0.9) 

Code B  

N (%) = 32 (14.4) 

Code C  

N (%) = 31 (14.0) 

Restoration 

N (%) = 15 (6.8) 

Missing 

N (%) = 1 (0.5) 

Total N (%) = 

222 (100) 

CW with no PEB 93 (90.3) 2 (1.9) 6 (5.8) 2 (1.9) 1 (1.0) 0 103 (46.4) 

CW with PEB in enamel 7 (100) 0 0 0 0 0 7 (3.2) 

CW with PEB in dentine 0 0 0 0 0 0 0 

YB with no PEB 41 (77.4) 0 9 (17.0) 2 (3.8) 1 (1.9) 0 53 (23.9) 

YB with PEB in enamel 0 0 9 (81.8) 2 (18.2) 0 0 11 (5.0) 

YB with PEB in dentine 0 0 1 (12.0) 7 (88.0) 0 0 8 (3.6) 

Atypical restorations 0 0 6 (27.3) 3 (13.6) 13 (59.1) 0 22 (9.9) 

Atypical carious lesions 0 0 1 (6.0) 15 (94.0) 0 0 16 (7.2) 

Missing due to DHL 0 0 0 0 0 1 (100) 1 (0.5) 

Partially erupted with signs of DHL 1 (100) 0 0 0 0 0 1 (0.5) 
FPMs first permanent molars, DHL demarcated hypomineralised lesions of enamel, CW creamy/white demarcated lesions, YB yellow/brown demarcated lesions, PEB post eruptive breakdown 

 

Table 4.54. ICDAS II scores by type of DHL in hypomineralised primary teeth  (Talca) 

 ICDAS II  

Type of DHL 
Code 0  

N (%) = 25 (38.4) 

Code B  

N (%) = 17 (26.2) 

Code C 

N (%) = 7 (10.8) 

Restoration 

N (%) = 9 (13.8) 

Missing  

N (%) = 7 (10.8) 

Total  

N (%) = 65 (100) 

CW with no PEB 10 (58.8) 3 (17.6) 2 (11.8) 2 (11.8) 0 17 (26.2) 

CW with PEB in enamel 2 (100) 0 0 0 0 2 (3.1) 

CW with PEB in dentine 0 1 (100) 0 0 0 1 (1.5) 

YB with no PEB 10 (71.5) 2 (14.3) 1 (7.1) 1 (7.1) 0 14 (21.5) 

YB with PEB in enamel 2 (16.7) 6 (50.0) 1 (8.3) 3 (25.0) 0 12 (18.5) 

YB with PEB in dentine 1 (25.0) 2 (50.0) 1 (25.0) 0 0 4 (6.2) 

Atypical restorations 0 3 (42.9) 1 (14.2) 3 (42.9) 0 7 (10.8) 

Atypical carious lesions 0 0 1 (100) 0 0 1 (1.5) 

Missing due to DHL 0 0 0 0 7 (100) 7 (10.8) 
FPMs first permanent molars, DHL demarcated hypomineralised lesions of enamel, CW creamy/white demarcated lesions, YB yellow/brown demarcated lesions, PEB post eruptive breakdown 
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Table 4.55. Binary logistic regression models with DHL, HSPM and MIH presence as predictors for ICDAS II > 0 in both dentition (Talca) 

N: Number of children 

 

 

 

 

 

 

 

 DHL non-affected  

N = 436 (%) 

DHL-affected  

N = 141 (%) 

HSPM non-affected 

N = 548 (%) 

HSPM-affected 

N = 29 (%) 

MIH non-affected 

N = 486 (%) 

MIH-affected  

N = 91 (%) 

ICDAS II =  0 

N = 199 

164 (37.6) 35 (24.8) 192 (35.0) 7 (24.1) 176 (36.2) 23 (25.3) 

ICDAS II > 0 

N = 378 

272 (62.4) 106 (75.2) 356 (65.0) 22 (75.9) 310 (63.8) 68 (74.7) 

Adjusted odds ratio 1 1.83 1 1.69 1 1.68 

95% CI  1.19-2.80  0.71-4.04  1.01-2.79 

P value  0.005  0.22  0.04 
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Table 4.56. Binary logistic regression models with MIH as predictor in caries experience in the permanent dentition (i.e. DMFT > 0) (Talca). 

 

 

 

 

 

 

 

 

 

 

 

   

N: Number of children 

 

Table 4.57. Lesion severity of hypomineralised FPMs by merged ICDAS II scores at child level (Talca) 

 Severity**  

Merged ICDAS II  
Mild 

N (%) = 52 (57.1) 

Moderate/Severe 

N (%) = 39 (42.9) 

Total 

N (%) = 91 (100) 

Sound 34 (89.5) 4 (10.5) 38 (41.8) 

Code A 2 (100) 0 2 (2.2) 

Code B  11 (37.9) 18 (62.1) 29 (31.9) 

Code C  5 (22.7) 17 (77.3) 22 (24.1) 
** Significant difference by χ2 (3) = 32.66, p < 0.001.  

FPMs first permanent molars 

 

 

 

 MIH non-affected 

N = 486 (%) 

MIH-affected 

N = 91 (%) 

One FPM affected 

N = 50 (%) 

More than one FPM affected      

N = 41 (%) 

DMFT = 0 

N = 357 

321 (66.0) 36 (39.6) 23 (46.0) 13 (31.2) 

DMFT > 0 

N = 220 

165 (34.0) 55 (60.4) 27 (54.0) 28 (68.3) 

Adjusted odds ratio 1 2.97 2.03 3.86 

95% CI  1.88-4.71 1.13-3.64 1.95-7.63 

P value  <0.001 0.02 <0.001 
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Table 4.58. Binary logistic regression models with HSPM presence as predictor in caries experience in the primary dentition 

 (i.e. dmft > 0) (Talca). 

 

 

 

 

 

 

 

 

                                     N: Number of children 

 

Table 4.59. Lesion severity of HSPM by merged ICDAS II scores of at child level (Talca) 

 Severity  

Merged ICDAS II  
Mild 

N (%) = 12 (41.4) 

Moderate/Severe 

N (%) = 17 (58.6) 

Total 

N (%) = 29 (100) 

Sound 5 (55.6) 5 (44.4) 9 (31.0) 

Code B 5 (50.0) 5 (50.0) 10 (34.5) 

Code C  2 (20.0) 8 (80.0) 10 (34.5) 
No significant differences were found. 

No HSPM presented ICDAS II code 2 
HSPM hypomineralised second primary molars 

 

 

 HSPM non-affected 

N = 548 (%) 

HSPM-affected 

N = 29 (%) 

One HSPM 

N = 14 (%) 

More than one HSPM   

N = 15 (%) 

dmft = 0 

N = 279 

274 (50.0) 5 (17.2) 2 (14.3) 3 (13.3) 

dmft > 0 

N = 298 

274 (50.0) 24 (82.8) 12 (85.7) 12 (86.7) 

Adjusted odds ratio 1 4.8 5.81 3.78 

95% CI  1.81-12.76 1.29- 26.20 1.10-13.88 

P value  0.002 0.02 0.04 
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Table 4.60. Binary logistic regression models with MIH and HSPM presence and severity as predictors in PUFA + pufa prevalence (i.e. PUFA + 

pufa > 0) (Talca) 

N: Number of children 

 

 

 

 

 

 MIH non-

affected N = 486 

(%) 

MIH-affected   

N = 91 (%) 

MIH 

moderate/severe 

N = 41 (%) 

HSPM non-

affected N = 548 

(%) 

HSPM-

affected       

N = 29 (%) 

HSPM 

moderate/severe       

N = 16 (%) 

PUFA + pufa = 0 

N = 476 

410 (84.4) 66 (72.5) 23 (56.1) 456 (83.2) 20 (69.0) 9 (56.2) 

PUFA + pufa  > 0 

N = 101 

76 (15.6) 25 (27.5) 18 (43.9) 92 (16.8) 9 (31.0) 7 (43.8) 

Adjusted odds ratio 1 0.88 4.81 1 0.89 4.28 

95% CI  0.38-2.03 1.75-13.19  0.20-4.13 0.71-25.92 

P value  0.76 0.002  0.89 0.11 
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Figures Chapter 4: Results Talca 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 4.6. Distribution (%) of DHL-affected and 

unaffected teeth by ICDAS II scores (Talca 

DHL - affected (N = 256), Non - affected (N = 12280). 

Statistically significant difference by (χ2(5) = 258.18, p < 0.001) 

 

Figure 4.5. Distribution (%) of DHL-affected and non-affected 

children by ICDAS II scores (Talca) 

DHL - affected (N = 141); Non - affected (N = 436). 

Statistically significant difference by (χ2(5) = 11.37, p = 0.04) 
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Comparative results 
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Country of residence, caries experience and pulpal 

involvement 

The total number of participants in the present study was 904 children.  The DMFT 

mean value was 0.82 (s.d. 1.49) teeth and the dmft was 1.74 (s.d. 1.51) teeth.  The SiC 

was 2.35 (s.d. 1.74) teeth and 4.69 (s.d. 2.31) teeth for the permanent and the primary 

dentition, respectively (Table 4.61).  

The DMFT, and SiC DMFT mean values were statistically significantly different 

between countries (Table 4.61).  Chilean participants reported higher DMFT (0.89 

teeth vs. 0.68 teeth, H(1) = 9.98, p = 0.002) and higher SiC DMFT (2.53 teeth vs. 2.03 

teeth, t(299) = 2.41, p = 0.02) than Australian children.  No statistical differences in 

the dmft were found. 

The consequences of untreated carious lesions were statistically significantly more 

severe for the Chilean sample (Table 4.61).  For example, participants from Talca had 

a higher PUFA mean value (0.06 teeth vs. 0.01 teeth, H(1) = 9.43, p = 0.002) and pufa 

mean value (0.26 teeth vs. 0.20 teeth, H(1) = 4.16, p = 0.04) compared to children 

from Melbourne.  The PUFA/pufa ratio (14.7% vs. 9.0%, H(1) = 8.45, p = 0.004) and 

PUFA+pufa prevalence (17.5% vs. 10.7%, χ2(1) = 7.89, p = 0.005) were higher in 

Chilean participants compared to Australians.  

Country of residence and caries severity 

The relationship between ICDAS II merged scores and country of residence was 

statistically significant (χ2(5) = 27.19, p <0.001) (Table 4.62). Children from Talca 

had increased odds to present ICDAS II Code A (OR = 3.14, 95% CI 1.52 – 6.51, p = 

0.002), Code B (OR = 1.95, 95% CI 1.41- 2.71, p < 0.001) and Code C (OR = 1.96, 

95% CI 1.37-2.81, p < 0.001) compared to children from Melbourne. 

Country of residence and DHL  

The variable country of residence was unrelated to the prevalence of DHL (Table 

4.63).  
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Lesion severity and treatment needs in DHL-affected teeth 

A statistically significant GEE logistic model (p = 0.001) demonstrated that the lesion 

severity of DHL-affected teeth was not influenced by socio-demographic variables 

(Table 4.64).  

On the other hand, another GEE binary regression model showed that children 

attending emergency dental services were more likely to have restored DHL-affected 

teeth (OR = 0.23, 95% CI 0.85-0.61, p = 0.003).  Also, Chilean children had a higher 

likelihood of having untreated DHL-affected teeth compared to children from 

Australia (OR = 2.87, 95% CI 1.06-7.74, p = 0.03) (Table 4.64). 

Caries experience in the permanent dentition, country of 

residence, MIH and socio-demographic factors 

Logistic regression models were performed to ascertain the effects of socio-

demographic factors, MIH and country of residence on the likelihood that participants 

had DT higher than zero, DMFT higher than zero and PUFA higher than zero (Table 

4.65). 

Country of residence and MIH presence were statistically significantly associated 

with DT higher than zero in a binary regression model explaining 22% of the variance 

(χ2(9) = 133.80, p < 0.001, Nagelkerke 22%).  Children from Talca had higher odds 

for cavitated carious lesions in the permanent dentition when referenced to 

participants from Melbourne (OR = 2.05, 95% CI 1.31-3.22, p = 0.002).  Participants 

with MIH had increased odds ratio for cavitated carious lesions compared to children 

without defects (OR = 4.54, 95% CI 2.17-9.50, p < 0.001) (Table 4.65).   

The logistic regression model for DMFT higher than zero was also significant and 

explained 27% of the variance (χ2(9) = 169.27, p < 0.001, Nagelkerke 27%).  A 

similar odds ratio for country of residence was found when compared to the previous 

model, but the presence of MIH represented a higher likelihood for caries experience 

in the permanent dentition (OR = 7.92, 95% CI 3.79-16.51, p < 0.001).  There was a 

trend showing that Chilean children with MIH had higher OR (2.37) than other 

schoolers, yet the p value was insignificant (p = 0.06) (Table 4.65).  
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The PUFA index was highly predicted by selected independent variables, which 

explained 33% of the variance (χ2(8) = 68.36, p < 0.001, Nagelkerke 33%).  Country 

of residence (OR = 4.8, 95% CI 1.04-22.28, p = 0.04) and particularly MIH presence 

(OR = 18.03, 95% CI 6.99-46.53, p < 0.001) increased the odds of having a PUFA 

higher than zero (Table 4.65).  

Caries experience in the primary dentition country of 

residence, HSPM and socio-demographic factors 

Logistic regression models were computed to determine the effects of socio-

demographic factors, HSPM and country of residence on the likelihood that 

participants had dt higher than zero, dmft higher than zero and pufa higher than zero 

(Table 4.66). 

A significant logistic model explained 13% of the variance (χ2(9) = 81.96, p < 0.001, 

Nagelkerke 13%) for the existence of cavitated carious lesions in the primary 

dentition (dt higher than zero). The dependent variable was not statistically 

significantly associated with the presence of HSPM or country of residence.  In 

contrast, sex, age, SES and reason for dental visits predicted the prevalence of 

cavitated carious lesions in the primary dentition (Table 4.66).  

Different factors influenced the prevalence of caries experience in the primary 

dentition (dmft higher than zero) (Table 4.66).  The presence of HSPM increased the 

odds for dmft higher than zero (OR = 5.28, 95% CI 1.79-15.53, p < 0.001).  This 

model was statistically significant and predicted 18% of the variance (χ2(9) = 115.84, 

p < 0.001, Nagelkerke 18%).  

In the logistic regression model for pufa higher than zero, neither country of residence 

or HSPM were found to be statistically significant predictors (Table 4.66).  Sex, age, 

SES and reason for dental visits were statistically significantly associated with the 

pufa.  The model was significant and predicted 19% of the variance (χ2(9) = 83.42, p 

< 0.001, Nagelkerke 19%).   
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Caries prevalence, country of residence, DHL and socio-

demographic factors 

Logistic regression models were computed to assess the influence of country of 

residence, DHL presence and other socio-demographic factors in the caries 

prevalence for both dentitions (i.e. ICDAS higher than zero, DT + dt higher than zero 

and DMFT+ dmft higher than zero) (Table 4.67).  

The model for the prevalence of detectable carious lesions (ICDAS higher than zero) 

was statistically significant and explained an 11% of the variance (χ2(9) = 65.14, p < 

0.001, Nagelkerke 11%).  Children with DHL had increased odds for ICDAS higher 

than zero compared to defect-free children (OR = 2.10, 95% CI 1.22-3.62, p < 0.001).  

Similarly, children from Chile had a higher likelihood of having detectable carious 

lesions (OR = 2.14, 95% CI 1.48-3.10, p < 0.001) compared to children from 

Australia.  Sex, SES and reason for dental visits also predicted the occurrence of 

carious lesions diagnosed by ICDAS.  Age and the interaction country*DHL were not 

statistically significant predictors for ICDAS higher than zero (Table 4.67). 

When cavitated carious lesion were included to calculate dental caries prevalence (DT 

+ dt higher than zero), the model explained 11% of the variance (χ2(9) = 65.47, p < 

0.001, Nagelkerke 11%).   Children from Talca (OR = 1.74, 95% CI 1.20-2.52, p = 

0.001) and those with DHL (OR = 2.05, 95% CI 1.19-3.53, p < 0.001) had higher 

likelihood of having cavitated carious lesions compared to children from Melbourne 

and with defect-free participants, respectively.  Reason for dental visits and SES also 

predicted a higher prevalence of cavitated carious lesions (Table 4.67).  

The logistic regression model for dental caries experience in both dentition (DMFT + 

dmft higher than zero) was statistically significant and explained 12% of the variance 

(χ2(9) = 74.08, p < 0.001, Nagelkerke 12%). The presence of DHL, country of 

residence, SES and reason for dental visits were statistically significant predictors for 

caries experience (Table 4.67). 

Caries severity, country of residence, DHL and socio-

demographic factors 

An ordinal logistic regression model was performed to evaluate the effect of selected 

independent variables upon the dental caries severity expressed by the highest ICDAS 
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II merged codes reported at child level (Table 4.68).  The model was significant, the 

proportion of the variance explained was 11% (χ2(9) = 84.14, p < 0.001, Nagelkerke 

11%).  Thresholds represent the response variable (ICDAS II merged codes) in the 

ordered logistic regression; for example, 1.04 is the cutoff value between Code 0 and 

Code A, 1.28 is the cutpoint between Code A and Code B and 2.76 is the estimated 

cutpoint in the dependent variable to differentiate Code B from Code C.  In other 

words, participants that had a value of 2.76 or greater on the dependent variable were 

classified as Code C, giving that all the independent variables had the reference value.  

The ordered value for DHL-affected children for being classified into an increased 

ICDAS severity was 0.77 higher than non-affected children when the other variables 

in the model are held constant, with an OR of 2.17 (95% CI 1.32-3.59, p = 0.002).  

For country of residence, the ordered value for children from Talca for being 

categorised by a high ICDAS score was 0.61 greater than children from Melbourne 

with an OR of 1.84 (95% CI 1.30-2.59, p = 0.001).  Similar interpretation for reason 

for dental visits, SES and sex, was described.  The interaction country*DHL 

demonstrated a trend with an increasing caries severity but remained insignificant. 
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Tables Chapter 4: Comparative results 

 

Table 4.61. Caries experience and pulpal involvement by country of residence 

 

 

 

 

 

 

 

 

 

 

 

 

 Australia  

N = 327 

Chile  

N = 577 

Total  

N = 904 

 Mean (s.d.) Mean (s.d.) Mean (s.d.) 

DMFT* 0.68 (1.49) 0.89 (1.48) 0.82 (1.49) 

DMFS** 0.93 (2.11) 1.24 (2.34) 1.13 (2.26) 

SiC DMFT*** 2.03 (1.98) 2.53 (1.57) 2.35 (1.74) 

dmft 1.66 (2.58) 1.79 (2.47) 1.74 (1.51 

dmfs 3.43 (6.23) 3.35 (5.47) 3.38 (5.75) 

SiC dmft 4.62 (2.55) 4.72 (2.17) 4.69 (2.31) 

PUFA index^ 0.01 (0.08) 0.06 (0.30) 0.04 (0.24) 

pufa index^^ 0.20 (9.22) 0.26 (0.76) 0.24 (0.82) 

PUFA/pufa ratio %# 9.04 (20.50) 14.73 (28.28) 13.01 (26.28) 

 N (%) N (%) N (%) 

PUFA + pufa prevalence& 35 (10.7) 101 (17.5) 136 (15.0) 
* Statistical difference by Kruskal-Wallis   H(1) = 9.98, p = 0.002 

** Statistical difference by Kruskal-Wallis   H(1) = 8.78, p = 0.003 

*** Statistical difference by t-test t(299) = 2.41, p = 0.02 
^ Statistical difference by Kruskal-Wallis   H(1) = 9.43, p = 0.002 

^^ Statistical difference by Kruskal-Wallis   H(1) = 4.16, p = 0.04 

# Statistical difference by Kruskal-Wallis   H(1) = 8.45, p = 0.004 
& Statistical difference by Chi-square  χ2(1)= 7.89, p = 0.005, OR 1.77 (95% CI 1.17-2.67) 
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Table 4.62. Table Binary regression model for merged ICDAS II scores by country 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Merged ICDAS II            

Total  N(%)  = 904 

Australia  

N = 327 (36.2) 

Chile  

N = 577 (63.8) 

Odds ratio 95% CI P values 

Code 0 

N (%) = 368 (40.7) 

169 (51.7) 199 (34.5) 1   

Code A                    

N (%) = 47 (5.2) 

10 (3.1) 37 (6.4) 3.14 1.52-6.51 0.002 

Code B                   

N (%) = 277 (30.6) 

84 (25.7) 193 (33.4) 1.95 1.41-2.71 <0.001 

Code C                           

N (%) = 212 (23.5) 

64 (19.6) 148 (25.6) 1.96 1.37-2.81 <0.001 

Model significant by Chi-square  χ2(3)= 27.19, p < 0.001, Nagelkerke 4%. 
N: Number of children 
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Table 4.63. Association between country and DHL, MIH and HSPM. 

Country DHL non-affected     

N(%) = 675 (74.7) 

DHL-affected         

N(%) = 229 (25.3) 

MIH non-

affected             

N(%)  = 765 

(84.6) 

MIH-affected          

N(%)  = 139 

(15.4) 

HSPM non-affected   

N(%)  = 849 (93.9) 

HSPM affected   

N(%)  = 55 (6.1) 

Australia   

N = 327 

239 (35.4) 88 (38.4) 279 (36.5) 48 (34.5) 301 (35.5) 26 (47.3) 

Chile         

N = 577 

436 (64.6) 141 (61.6) 486 (63.5) 91 (65.5) 548 (64.5) 29 (52.7) 

Odds ratio 1 0.88 1 1.14 1 0.60 

95% CI  0.65-1.20  0.78-1.68  0.34-1.04 

P value  0.41  0.50  0.07 

N: Number of children 
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Table 4.64. GEE binary regression for DHL severity and treatment needs in affected teeth with socio-demographic factors and country of 

residence as predictors. 

 

 

 

 Severity    Treatment needs    

Variables Mild  

N (%) = 302 

(61.8) 

Severe  

N (%) = 187 

(38.2) 

OR CI P value Treated 

N (%) = 83 

(44.4) 

Untreated 

 N (%) = 104 

(55.6) 

OR CI P value 

Sex           

Female  157 (52.1) 117 (62.6) 1   56 (67.5) 61 (58.7) 1   

Male  145 (47.9) 70 (37.4) 0.65 0.35-1.20 0.16 27 (32.5) 43 (41.3) 2.27 1.09-4.74 0.03 

Age group           

6-7 82 (27.1) 51 (27.3) 1   15 (18.1) 36 (34.6) 1   

8-9 144 (47.9) 83 (44.4) 1.19 0.72-1.97 0.49 41 (49.4) 42 (40.4) 0.40 0.16-1.04 0.06 

10-12 76 (25.1) 53 (28.3) 1.26 0.72-2.20 0.43 27 (32.5) 26 (25.0) 0.56 0.20-1.58 0.28 

SES           

Low 127 (42.2) 86 (46.0) 1   33 (39.8) 53 (51.0) 1   

Middle  79 (26.1) 34 (18.2) 0.73 0.42-1.28 0.27 19 (22.9) 15 (14.4) 0.35 0.11-1.04 0.06 

High 96 (31.7) 67 (35.8) 1.29 0.77-2.17 0.33 31 (37.3) 36 (34.6) 0.93 0.31-3.06 0.96 

Reason for dental visits          

Routine check-up 181 (66.5) 100 (58.8) 1   37 (46.3) 63 (70.0) 1   

Emergency  91 (33.5) 70 (41.2) 1.52 0.85-2.72 0.15 43 (53.8) 27 (30.0) 0.23 0.90-0.61 0.003 

Country           

Australia 114 (37.6) 88 (47.1) 1   46 (55.4) 42 (40.4) 1   

Chile 188 (62.4) 99 (52.9) 1.53 0.83-2.8 0.16 37 (44.6) 62 (59.6) 2.87 1.06-7.74 0.03 
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Table 4.65. Binary regression analyses with country, MIH presence and socio-demographic factors as predictors for caries experience in the 

permanent dentition, at child level. 

 DT    DMFT    PUFA    

 0 > 0    0 > 0    0 > 0    

Variables N (%) = 

638 (70.6) 

N (%) =  

266 (29.4) 

OR CI P 

value 

N (%) = 

595 (65.8) 

N (%) = 

309 (34.2) 

OR CI P value N (%) = 

878 (97.1) 

N (%) = 

26 (2.9) 

OR CI P 

value 

Sex                

Female  301 (47.2) 145 (54.5) 1   106 (44.5) 48 (53.9) 1   433(49.3) 13 (50.0) 1   

Male  337 (52.8) 121 (45.5) 0.85 0.61-1.20 0.36 132 (55.5) 41 (46.1) 0.80 0.58-1.12 0.19 445 (50.7) 13 (50.0) 1.68 0.69-4.13 0.26 

Age group                

6-7 248 (38.9) 44 (16.5) 1   243 (40.8) 49 (15.9) 1   290 (33.0) 2 (7.7) 1   

8-9 238 (37.3) 110 (41.4) 2.69 1.70-4.26 <0.001 222 (37.3) 126 (40.8) 3.00 1.90-4.61 <0.001 337 (38.4) 11 (42.3) 3.24 0.68-15.54 0.14 

10-12 152 (23.8) 112 (42.1) 4.43 2.75-7.14 <0.001 130 (21.8) 134 (43.4) 5.89 3.70-9.41 <0.001 251 (28.6) 13 (50.0) 6.02 1.24-29.21 0.03 

SES                

High 224 (35.1) 50 (18.8) 1   212 (35.6) 62 (20.1) 1   271 (30.9) 3 (11.5) 1   

Middle  180 (28.2) 74 (27.8) 2.12 1.37-3.29 0.001 167 (28.1) 87 (28.2) 2.04 1.34-3.02 0.001 250 (28.5) 4 (15.4) 3.43 0.90-12.99 0.70 

Low 234 (36.7) 142 (53.4) 1.66 1.04-2.68 0.004 216 (36.3) 160 (51.8) 1.55 0.98-2.45 0.06 357 (40.7) 19 (73.1) 1.22 0.24-5.95 0.81 

Reason for dental visits                

Routine check-up 401 (72.1) 126 (54.3) 1   337 (73.2) 150 (54.9) 1   515 (67.5) 12 (48.0) 1   

Emergency  155 (27.9) 106 (45.7) 1.70 1.19-2.43 0.004 138 (26.8) 123 (45.1) 1.89 1.32-2.69 <0.001 248 (32.5) 13 (52.0) 1.45 0.59-3.56 0.42 

Country                

Australia 257 (40.3) 70 (26.3) 1   238 (40.0) 89 (28.8) 1   325 (37.0) 2 (7.7) 1   

Chile 381 (59.7) 196 (73.7) 2.05 1.31-3.22 0.002 327 (60.0) 220 (71.2) 1.85 1.21-2.85 0.04 553 (63.0) 24 (92.3) 4.80 1.04-22.28 0.04 

MIH presence                

No 571 (89.5) 194 (72.9) 1   540 (90.8) 225 (72.8) 1   757 (86.2) 8 (30.8) 1   

Yes  67 (10.5) 72 (27.1) 4.54 2.17-9.50 <0.001 55 (9.2) 84 (27.2) 7.92 3.79-16.51 <0.001 121 (13.8) 18 (69.2) 18.03 6.99-46.53 <0.001 

Country*MIH                

Others 598 (93.7) 215 (80.8) 1   559 (93.9) 254 (82.2) 1   ^ ^ ^ ^ ^ 

Chileans with MIH 40 (6.3) 51 (19.2) 1.42 0.58-3.49 0.44 36 (6.1) 55 (17.8) 2.37 0.96-5.84 0.06 ^ ^ ^ ^ ^ 

Model significant 

 

χ2(9) = 133.80, p < 0.001, Nagelkerke 22% 

 

χ2(9) = 169.27, p < 0.001, Nagelkerke 27% 

χ2(8) = 68.36, p < 0.001, Nagelkerke 34% 

^ Variable excluded from small case numbers. 



 

 225 

Table 4.66. Binary regression analyses with country, HSPM presence and socio-demographic factors as predictors for caries experience in the 

primary dentition, at child level. 

 

 dt    dmft    pufa    

 0 > 0    0 > 0    0 > 0    

Variables N (%) = 

529 (58.5) 

N (%) = 

375 (41.5) 

OR CI P 

value 

N (%) = 

460 (50.9) 

N (%) = 

444 (49.1) 

OR CI P 

value 

N (%) = 

785 (86.8) 

N (%) = 

119 (13.2) 

OR CI P 

value 

Sex                

Female  282 (53.3) 164 (43.7) 1   246 (53.5) 200 (45.0) 1   395 (50.3) 51 (42.9) 1   

Male  247 (46.7) 211 (46.1) 1.65 1.21-2.24 0.001 214 (46.5) 244 55.0) 1.55 1.14-2.10 0.005 390 (49.7) 68 (57.1) 1.63 1.02-2.58 0.04 

Age group                

6-7 149 (28.2) 143 (38.1) 1   127 (43.5) 165 (37.2) 1   252 (32.1) 40 (33.6) 1   

8-9 186 (35.2) 162 (43.2) 0.84 0.59-1.20 0.34 150 (32.6) 198 (44.6) 0.93 0.65-1.34 0.72 291 (37.1) 57 (47.9) 1.08 0.65-1.83 0.73 

10-12 194 (36.7) 70 (18.7) 0.33 0.22-0.50 <0.001 183 (39.8) 81 (18.2) 0.29 0.19-0.43 <0.001 242 (30.8) 22 (18.5) 0.34 0.18-0.66 0.001 

SES                

High 170 (32.1) 104 (27.7) 1   143 (31.1) 131 (29.5) 1   253 (32.2) 21 (17.6) 1   

Middle  156 (29.5) 98 (26.1) 1.83 1.25-2.67 0.002 146 (31.7) 108 (24.3) 1.90 1.30-2.77 0.001 218 (27.8) 36 (30.3) 3.47 1.83-6.60 <0.001 

Low 203 (38.4) 173 (46.1) 1.39 0.93-2.08 0.11 171 (37.2) 205 (46.2) 1.10 0.74-1.63 0.64 314 (40.0) 62 (52.1) 3.16 1.60-6.26 0.001 

Reason for dental visits                

Routine check-up 344 (73.0) 183 (57.7) 1   302 (74.9) 225 (58.4) 1   492 (71.4) 35 (35.4) 1   

Emergency  127 (27.0) 134 (42.3) 1.94 1.39-2.70 <0.001 101 (25.1) 160 (41.6) 2.20 1.56-3.09 <0.001 197 (28.6) 64 (64.6) 4.45 2.75-7.20 <0.001 

Country                

Australia 206 (38.9) 121 (32.3) 1   181 (39.3) 146 (32.9) 1   294 (37.5) 33 (27.7) 1   

Chile 323 (61.1) 254 (67.7) 1.28 0.87-1.76 0.23 279 (60.7) 298 (67.1) 1.16 0.82-1.63 0.40 491 (62.5) 86 (72.3) 1.16 0.65-2.07 0.62 

HSPM presence                

No 510 (96.4) 339 (90.4) 1   450 (97.8) 399 (89.9) 1   742 (94.5) 107 (89.9) 1   

Yes  19 (3.6) 36 (9.6) 2.09 0.83-5.19 0.11 10 (2.2) 45 (10.1) 5.28 1.79-15.53 0.003 43 (5.5) 12 (10.1) 1.12 0.22-5.72 0.17 

Country*HSPM                

Others 521 (98.5) 354 (94.4) 1   455 (98.9) 420 (94.6) 1   764 (97.3) 111 (93.3) 1   

Chileans with HSPM 8 (1.5) 21 (5.6) 1.71 0.16-2.20 0.43 5 (1.1) 24 (5.4) 1.06 0.20-5.53 0.94 21 (2.7) 8 (6.7) 2.0 0.30-13.36 0.45 

Model significant χ2(9) = 81.96, p < 0.001, Nagelkerke 13% χ2(9) = 115.84, p < 0.001, Nagelkerke 18% χ2(9) = 83.42, p < 0.001, Nagelkerke 19% 
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Table 4.67. Binary regression analyses with country, DHL presence and socio-demographic factors as predictors for caries experience in both 

dentitions, at child level. 

 

 ICDAS     DT + dt     DMFT + dmft     

 0 > 0    0 > 0    0 >0    

Variables N (%) = 

368 (40.7)  

N (%) = 

536 (59.3)  

OR CI P 

value 

N (%) = 

414 (45.8) 

N (%) = 

490 (54.2) 

OR CI P 

value 

N (%) =   

 334 (36.9) 

N (%) =    

      570 (63.1) 

OR CI P 

value 

Sex                

Female  184 (50.0) 262 (58.7) 1   210 (50.7) 236 (48.2) 1   169 (50.6) 277 (48.6) 1   

Male  184  (50.0) 274 (51.1) 1.18 0.88-1.60 0.27 204 (49.3) 254 (51.8) 1.25 0.93-1.68 0.14 165 (49.4) 293 (51.4) 1.17 0.86-1.59 0.32 

Age group                

6-7 124 (33.7) 168 (31.3) 1   136 (32.9) 156 (31.8) 1   116 (34.7) 176 (30.9) 1   

8-9 142 (38.6) 206 (38.4) 0.94 0.65-1.33 0.71 157 (37.9) 191 (39.0) 0.96 0.67-1.36 0.81 121 (36.2) 227 (39.8) 1.12 0.77-1.61 0.56 

10-12 102 (27.7) 162 (30.2) 1.06 0.72-1.57 0.77 121 (29.2) 143 (29.2) 0.94 0.64-1.38 0.76 97 (29.1) 167 (29.3) 1.01 0.68-1.50 0.96 

SES                

High 134 (36.4) 140 (26.1) 1   148 (35.7) 126 (25.7) 1   120 (35.9) 154 (27.0) 1   

Middle  107 (29.1) 147 (27.4) 1.68 1.16-2.42 0.006 123 (29.7) 131 (26.7) 1.79 1.25-2.58 0.02 107 (32.0) 147 (25.8) 1.99 1.36-2.92 <0.001 

Low 127 (34.5) 249 (46.5) 1.35 0.92-1.99 0.12 143 (34.5) 233 (47.6) 1.32 0.90-1.94 0.16 107 (32.0) 269 (47.2) 1.09 0.74-1.60 0.66 

Reason for dental visits                

Routine check-up 251 (76.5) 276 (60.0) 1   281 (75.9) 246 (58.9) 1   232 (79.2) 295 (59.6) 1   

Emergency  77 (23.5) 184 (40.0) 1.71 1.23-2.41 0.002 89 (24.1) 172 (41.1) 1.84 1.32-2.55 <0.001 61 (20.8) 200 (40.4) 2.26 1.58-3.23 <0.001 

Country                

Australia 169 (45.9) 158 (29.5) 1   179 (43.2) 148 (30.2) 1   145 (43.4) 182 (31.9) 1   

Chile 199 (54.1) 378 (70.5) 2.14 1.48-3.10 <0.001 235 (56.8) 342 (69.8) 1.74 1.20-2.52 0.003 189 (56.6) 388 (68.1) 1.51 1.05-2.19 0.03 

DHL presence                

No 299 (81.3) 376 (70.1) 1   336 (81.2) 339 (69.2) 1   277 (82.9) 398 (69.8) 1   

Yes  69 (18.7) 160 (29.9) 2.10 1.22-3.62 0.007 78 (18.8) 151 (30.8) 2.05 1.19-3.53 0.01 57 (17.1) 172 (30.2) 2.61 1.48-4.63 0.001 

Country*DHL                

Others 333 (90.5) 430 (80.2) 1   373 (90.1) 390 (79.6) 1   302 (90.4) 461 (80.9) 1   

Chileans with DHL 35 (9.5) 106 (19.8) 1.26 0.62-2.56 0.53 41 (9.9) 100 (20.4) 1.06 0.52-2.14 0.87 32 (9.6) 109 (19.1) 1.37 0.65-2.91 0.41 

Model significant χ2(9) = 65.14, p < 0.001, Nagelkerke 11% χ2(9) = 65.47, p < 0.001, Nagelkerke 11% χ2(9) = 74.76, p < 0.001, Nagelkerke 12% 
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Table 4.68. Ordinal logistic regression for carious lesions according to ICDAS merged codes and socio-demographic factors, country and DHL 

as predictors, at child level. 

 

Variables ICDAS merged codes N (%) Parameter 

Estimates 

OR Confidence 

interval 95% 

P value 

 Code 0 Code A Code B Code C 

 Threshold  

1.04 

Threshold 

1.28 

Threshold 

2.76 

Sex 

Male 184 (40.2) 20 (4.4) 128 (27.9) 126 (27.5)  1   

Female 184 (41.3) 27 (6.1) 149 (33.4) 86 (19.3) -0.27 0.76 0.58-0.99 0.04 

Age group 

10-12 102 (38.6) 20 (7.6) 85 (32.2) 57 (21.6)  1   

8-9 142 (40.8) 15 (4.3) 107 (30.7) 84 (24.1) 0.09 1.09 0.79-1.51 0.61 

6-7 124 (42.5) 12 (4.1) 85 (29.1) 71 (24.3) 0.15 1.16 0.83-1.64 0.39 

SES 

High 134 (48.9) 14 (5.1) 77 (28.1) 49 (17.9)  1   

Middle 107 (42.1) 16 (6.3) 72 (28.3) 59 (23.2) 0.35 1.41 0.99-2.00 0.05 

Low 127 (33.8) 17 (4.5) 128 (34.0) 104 (27.7) 0.57 1.76 1.26-2.45 0.001 

Reason for dental visits 

Routine check-ups 251 (47.6) 30 (5.7) 166 (31.5) 80 (15.2)  1   

Emergency 77 (29.5) 13 (5.0) 75 (28.7) 96 (36.8) 0.77 2.15 1.60-2.8 < 0.001 

Country 

Australia 169 (51.7) 10 (3.1) 84 (25.7) 64 (19.6)  1   

Chile 199 (34.5) 37 (6.4) 193 (33.4) 148 (25.6) 0.61 1.84 1.30-2.59 0.001 

DHL Presence 

No 299 (44.3) 37 (5.5) 196 (29.0) 143 (21.2)  1   

Yes 69 (30.1) 10 (4.4) 81 (35.4) 69 (30.1) 0.77 2.17 1.32-3.59 0.002 

Country*DHL         

Others 333 (43.6) 40 (5.2) 222 (29.1) 168 (22.0)  1   

Chilean with DHL 35 (24.8) 7 (5.0) 55 (39.0) 44 (31.2) 0.35 1.42 0.76-2.65 0.27 

Model significant χ2(9) = 84.14, p < 0.001, Nagelkerke 11%. Test of parallel lines χ2(16) = 24.19, p =  0.09 
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The present international cross-sectional study collected clinical and socio-

demographic data amongst schoolchildren from different socio-economic 

backgrounds.  The current survey is one of the few community-based studies 

exploring DHL in primary and permanent dentitions, considering MIH and HSPM as 

part of this broad spectrum of DDE.  This research project also investigated the 

occurrence of DHL as a unique risk factor for carious lesion severity between two 

communities with reportedly different caries experience. 

Caries experience  

Caries experience in Melbourne 

The average DMFT of students in Melbourne was 0.68 teeth, distributed as 0.26 teeth 

and 1.00 teeth for 6-7 year-old and 10-12 year-old children, respectively.  This DMFT 

value was low according to WHO severity criteria (less than 2.6 teeth in 12 year-old 

children).58  These figures are consistent with the latest National Oral Health Survey 

in Australia, which showed similar increment in the caries experience according to 

age.62  However, the National survey did not document epidemiological caries data 

from children in Victoria.  One study has evaluated the caries experience amongst 

young Victorians who used public oral health services and the average DMFT for 6 to 

12 year-old children (i.e. 0.75 teeth) was also similar to the present study findings.38  

Concerning caries experience in the primary dentition, results from the present study 

determined a mean dmft of 1.66 teeth.  An overall dmft of 2.04 teeth with 48% 

prevalence (dmft higher than zero) was found in 6-7 year-old participants.  These 

values are lower than those published previously.38,62  These differences may be 

explained by the origin of the sample, which was derived from urban areas, excluding 

rural or more disadvantaged groups.  Nevertheless, these results demonstrate that 

there is a high prevalence of established carious lesions at early stages in life, which 

highlight the importance of prevention, assessment and treatment programs targeting 

small children.  Since data from Victoria are unavailable, the present study’s results 

are still valuable and informative for local researchers and health authorities for 

framing or adapting oral health programs. 
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Caries experience in Talca 

The DMFT for the whole sample from Talca was 0.89 teeth, which ranged from 0.24 

teeth in 6-7 year old children to 1.65 teeth amongst 10-12 year-old children.  A study 

regarding caries experience in the Maule region estimated similar DMFT (i.e. 0.22) 

for children aged six years old residing in urban areas.37  In the latest Chilean national 

oral health assessment survey (2007), a slightly higher DMFT (i.e. 1.85 teeth) was 

reported in 12 year-old children in the Maule region compared to the present study 

findings.36  An age trend of caries experience has not been reported previously, as 

past studies have concentrated their analyses only in 6 and 12 year-old children, 

prioritising these age groups to access preventive and restorative dental care in the 

public oral health system.   

The dmft mean was 1.79 teeth, with a dmft of 2.36 teeth in 6-7 year-old participants.  

Previously documented data for 6 year-old children in Maule region (i.e. 3.09 teeth) 

and nationwide (i.e. 3.71 teeth) were much higher than our findings.37,63  However, 

methodological differences may have influenced these results, as the impact of 

rurality as a caries-risk factor, especially in the primary dentition, has been 

documented and the present study examined children attending urban schools only.37 

It is important to consider that in both samples (Melbourne and Talca) when early 

carious lesions (Code 2) are included for caries experience calculation (i.e., D2MFT 

and d2mft) the figures statistically significantly increased.  This finding may reflect 

that there is a considerable number of carious lesions that are reversible and can be 

treated with non-invasive approaches.64  The progression of carious lesions can be 

monitored longitudinally using the ICDAS II detection system.  It is fundamental to 

include these early stage carious lesions in epidemiological studies, as cavitation 

should not be considered a threshold for disease detection but rather it represents a 

failure of preventive oral health programs and therapies.65  

The SIC Index  

The relatively low DMFT/dmft mean values may give the appearance that caries 

experience has decreased or is controlled in the studied populations.66  However, 

many individuals still have a very high caries experience.  For example, in 

Melbourne, the SiC index was 2.03 and 4.62 teeth for DMFT and dmft, respectively.  
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Thus, the caries experience was almost tripled in the third of the Melbourne 

population with the highest caries experience.  These findings are congruent with the 

data published by Armfield et al. (2008 and 2005), which confirmed that inequalities 

remain in Australia, with a minority of children carrying the highest burden of 

disease.61,67  The present results support this statement, demonstrating that children 

from low SES and children born overseas were the most disadvantaged in terms of 

caries experience. 

Inequalities in caries experience distribution were also present in the Chilean sample.  

The SiC index values for Talca were 2.53 teeth for DMFT and 4.72 teeth for dmft.  

These values represented the average of the total sample aged from 6 to 12 years old 

and significantly differed from the figures presented by Giacaman et al. (2015) in 6 

year-old children (i.e. 0.74 DMFT and 9.30 dmft).37   As for DMFT/dmft, there are no 

available data showing an age trend for the SiC index in the Chilean population to 

make valid comparisons.  Nevertheless, these results may reflect that the global oral 

health goal proposed in the year 2000 (i.e. SiC DMFT lower than three amongst 12 

year-old children in the year 2015) was achieved.60  It is positive that the SiC DMFT 

index mean value was definitively lower than three for both samples.  

Caries prevalence  

The ICDAS II scores determined the caries prevalence for the current study samples.  

The proportion of all children with clinically detectable carious lesions (ICDAS II > 

0) was 48.3% and 65.5% for Melbourne and Talca, respectively.  Furthermore, the 

current study findings demonstrated that increased carious lesion severity is highly 

correlated with an increased DMFT/dmft. 

Caries prevalence in Melbourne 

In Melbourne, caries prevalence (ICDAS > 0) was 48.3%.  The recently published 

caries experience prevalence (DMFT + dmft > 0) in Australian children fluctuated 

from 48.2% in 5 year-old children to 68.7% for children aged 9.62   The latter figure 

was higher than the present study’s dental caries prevalence at similar age (50.2%) as 

the restored and missing components have been excluded from the dental caries 

prevalence calculation considering only ICDAS II carious lesion codes.68  It is 

historically known that a minority of Australian children have caries experience;68 



 

 232 

yet, there is some evidence demonstrating that the caries experience may be 

increasing in the population.67  Changes in the balance between protective and risk 

factors have been raised as potential causes for the increased increment in dental 

caries.69  For example, the increasing consumption of soft/sugary drinks and 

processed foods containing sugars, and possibly the growing intake of bottled, filtered 

or tank water limiting the access to fluoridated water.65,70  

Despite the benefits of using ICDAS in epidemiological studies, such as standardising 

carious lesion detection/diagnosis and being a valid method for the primary and 

permanent dentition,71-74 this carious lesion detection system has been scarcely 

utilised by Australian researchers.  A recent Australian prospective study incorporated 

the ICDAS II scoring to identify the natural course of dental caries in infants.  These 

authors recognised that very young children developed preventable carious lesions 

(Code 2) despite the low-risk of the population.65  As the pattern of the disease has 

changed and ‘pre-cavitated’ carious lesions can be detected in young children, it is 

necessary to reframe traditional management programs based on operative treatment.  

Thus, national oral health surveys and future epidemiological studies should also 

include these criteria in the report of findings. 

In the Melbourne sample 3.1% of children had at least one tooth with ICDAS II Code 

2 as the highest carious lesion code.  These percentages are lower compared to a 

previous study of pre-schoolers in Australia, where one of five children had incipient 

carious lesions.65  These differences may indicate that most of the initial carious 

lesions found in infants may have progressed into a more severe disease form at the 

time of primary school.   Unfortunately, available prevention and oral health 

promotion strategies at this point have been unsuccessful.  Improving the access to 

dental services in infancy and increasing awareness regarding the importance of early 

diagnosis and management could help to reduce the disease prevalence in 

schoolchildren, as initial carious lesions are reversible if risk factors decrease.  Based 

on these factors, a minimal intervention and primary prevention program was tested in 

Victoria, where oral health therapists visited kindergartens and provided early 

diagnosis, non-surgical treatment and referrals (if needed) for pre-schoolers.75   

Nevertheless, the cost-effectiveness of this pilot program needs to be evaluated.  

Since the onset of these lesions has been described at 18 months of age or prior,65 it is 

also necessary that preventive measures commence even earlier in life or before birth, 
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with education of expectant mothers.65,76-78  Prospective studies could reveal more 

details about the proportion of these lesions progressing to cavitated carious lesions or 

regressing into re-mineralised lesions and the association with protective or risk 

factors present.64  

On the other hand, it was surprising that one in five children in Melbourne (19.6%, N 

= 64) had one or more teeth affected by severe carious lesions (Code 5 + Code 6).  

This information related to disease severity is new in this region, as the stage of the 

carious lesion has not been published before amongst schoolchildren, which impairs 

drawing valid local comparisons.  Few international studies have reported dental 

caries prevalence categorised by ICDAS codes, but these studies did not classify the 

participants according to the highest code encountered.  For example, in Brazil, 43% 

of 6 - 7 year-old children had Code 6 and 64.3% had Code 5 in their primary 

dentition, which could be a single code or combined.56  Another study from Brazil, 

reported the prevalence of 7 – 11 year-old children with non-cavitated (15%) and 

cavitated carious lesions (85%), without mentioning other specific carious lesion 

categories.79 

The caries prevalence in the Melbourne sample is not representative of the 

communities residing in greater Melbourne or Victoria entirely.  It is likely that the 

Statewide caries prevalence may be higher than the present findings.  The LGAs 

reported in the current investigation have a tendency to be represented by more 

advantaged socio-economic families and rural schools were excluded.  In addition, the 

inclusion of schools that agreed to participate and children who presented signed 

consent for examination represents bias and results should be interpreted within the 

present study’s limitations.  

Caries prevalence in Talca 

The majority of children from Talca (65.5%) had clinically detectable carious lesions 

and a quarter of them had severe carious lesions.  Despite this high prevalence, these 

proportions are lower than results documented in other South American countries like 

Colombia or Brazil.56,57,79  To the author’s knowledge, no published reports on dental 

caries using ICDAS II exist from the Maule region.  The latest national report 

indicates a prevalence of children with a past and present history of dental caries at 6 

years-old (dmft > 0) of 70.4% and at 12 years-old (DMFT > 0) of 62.5%.80  The 
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caries experience prevalence slightly decreased from 1992 to 2007 and the 

DMFT/dmft has been significantly reduced, particularly in 12 year-old children.80  

However, ICDAS II data from the present study demonstrated that over 60% of 

children at 6 – 7 years old and over 70% of 10 – 12 year-old children had detectable 

carious lesions.  By the year 2020, the Chilean national health authority plan is to 

reduce the caries experience prevalence to 60% in 6 year-old children and improve 

the DMFT in most disadvantaged adolescents.80  According to the present findings 

and previously described dmft data,37 this plan seems unlikely to succeed particularly 

in the Maule region, as the caries prevalence appears to be rising since the last 

national survey conducted in 2007.36 

PUFA/pufa index 

Public oral health care has priority groups for access in developed or developing 

countries, and many families could be excluded from the system.81  As a result, many 

children may have untreated carious lesions present and their consequences must be 

reported.  The damaging impact of dental caries on the oral health status of the 

studied populations was expressed by the PUFA/pufa index.  Results from the present 

study showed that 15% of all participant children had one or more teeth with a 

PUFA/pufa score and 13% of the cavitated carious lesions had progressed to pulpal 

complications.  This evidence should be considered by health policy makers when 

developing oral health care programs, aiming at the relief of pain and infection 

amongst children.81  

PUFA/pufa in Melbourne 

For the Melbourne sample, the average number of permanent teeth with pulpal 

involvement was 0.01 teeth.  A higher average (0.20 teeth) was found for the primary 

dentition.  Australia has long been considered a low caries-risk population, but in the 

present study, 10.7% of the children had at least one tooth pulpally compromised.  

These figures are considerably lower than other reports from the Philippines, Brazil, 

Poland, India and Cambodia,50,81-85 which assessed oral health status in children 

younger than 6 years-old residing in communities with very high caries-risk.  The 

importance of this information is that amongst this group of children, the carious 

lesions have remained untreated to a stage that can negatively influence their general 
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health and perceived quality of life.4,50,83  Extractions, endodontic treatment and 

complex restorations required are a burden that health authorities should pay 

attention.81  Inequalities are also documented when using this index, and the 

likelihood of having one or more teeth pulpally compromised almost quintuplicated 

amongst children born overseas compared with the Australia-born cohort.  Oral health 

systems may have failed in informing immigrant families about the dental services 

available and the importance of preventive and restorative treatment, especially in 

primary teeth.84  The influence of country of birth in caries prevalence is detailed later 

in this section. 

PUFA/pufa in Talca 

Data collected in Talca showed that the prevalence of children with one or more 

primary or permanent teeth with pulpal involvement reached 17.5% and that 14.5% of 

the carious lesions had progressed to pulpal complications.  Despite the high caries 

experience reported in this region, the sequelae of untreated carious lesions seem 

moderate compared to previous international studies.50,81-85  It is complicated to 

estimate the degree of severity because only one past study has explored this index in 

similar age groups,50 whereas most research efforts have been devoted to determine 

these consequences on untreated ECC.81,82,84,85  This measure for pulpal complications 

also expressed marked inequalities in this sample.  For example, children from public 

schools had six times higher PUFA + pufa prevalence compared to participants from 

private primary schools.  Children who have only seen a dentist for emergency 

reasons had 30.6% prevalence of any PUFA/pufa, which may reflect future tooth 

extractions or endodontic treatment.  Similarly, one study in Brazil reported that those 

children who have been subject to emergency extractions may not have improved 

their oral health practices and may have developed other teeth with pulpal 

involvement.81  Therefore, the burden of untreated carious lesions is routinely 

reflected in dental emergencies.  Despite the paucity of other studies in the country to 

make precise associations, these findings emphasise the presence of a complex pulpal 

involvement pattern in deprived groups, where prevention and treatment of dental 

caries are limited.   
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Factors associated with dental caries 

Age 

As expected, the DMFT statistically significantly increased with age, whereas the 

dmft decreased.  This is age-related to the number of exfoliated primary and erupted 

permanent teeth available to calculate the index.  Interestingly, the prevalence of 

carious lesions estimated by ICDAS II when considering the mixed dentition did not 

differ between age groups, similar to another report from Europe.64  However, other 

authors have reported that an increase of one year-of-age makes differences in the 

caries prevalence assessed by ICDAS II for the permanent dentition, particularly for 

recently-erupted permanent molars.56 

Sex  

The variations in DMFT/dmft and ICDAS II by sex were not statistically significant.  

Sex does not appear to have an effect on caries experience or prevalence and many 

studies have confirmed this finding.56,57,66,86  Despite this evidence, the ordinal 

regression model indicated that girls are to some extent protected against developing 

severe carious lesions.  Similar sex differences in the caries experience has been 

previously demonstrated in Australia, with boys having a higher dmft and SIC index 

than girls in the primary dentition.87  Past evidence showed that at young age the 

sugary food intake is greater in boys compared with girls, which could be a possible 

explanation for this trend.88  

Socio-economic status (type of school) 

Type of school has been utilised as a proxy measure for SES based on the ICSEA for 

Melbourne,54 and governmental subsidies for Talca.55  Binary and ordinal regression 

models demonstrated that children with low SES have higher likelihood to have 

carious lesions which are also of increased severity.  Undeniably, in Australia and 

Chile children from more disadvantaged families have higher caries experience 

compared to children from other socio-economic categories.36,80,89-92  Results from the 

present study confirm that oral health inequalities still exist and unfortunately the 

evidence has shown that these socio-economic disparities can be transferred from 

childhood to adulthood.93-95  Data from the present study may be limited, as several 



 

 237 

other factors must be controlled for to determine the socio-economic inequalities in 

oral health, such as house income, parents level of education and occupation, housing 

and mobility.89,90  Thus, the proportional range of the variance explained by the 

regression models (6% to 30%) reflects the exclusion of relevant factors also 

associated with the dental caries prevalence and experience.  However, findings from 

the present study may be useful to guide health authorities in the right direction to 

distribute resources where needed the most.  

Place of birth 

Attention has to be given to the country of birth in the case of the Melbourne sample, 

which was used as a surrogate category for the migration status of the families 

participating in the present study.  The caries experience of children who migrated to 

Australia is high and this tendency was corroborated by the present study’s 

findings.38,92,96  In Melbourne, a recently published cross-sectional study 

demonstrated that one-third of 1 to 4 year-old children from Iraqi, Pakistani and 

Lebanese backgrounds had dental caries assessed by ICDAS, and associated risk 

factors were related to parental education, length of stay in Australia and sugary 

drinks consumption; however, the study did not compare the oral health status of 

participants with local children.97  In the current study, children born overseas had 

increased odds for DMFT > 0 (OR = 2.58, p = 0.002), dmft > 0 (OR = 1.93, p = 0.01) 

and ICDAS II > 0 (OR = 2.65, p < 0.001) compared to children born in Australia.  In 

Victoria, free public oral heath care is provided to children whose families have 

health care card (HCC) and all children younger than 13 years old are eligible for 

dental care in the public sector.98  On the other hand there is a great proportion of 

immigrant families living in inner Melbourne that may be temporary residents who do 

not posses a Medicare cars or a form of concession car, such as HCC.99,100  Immigrant 

families are less likely to be aware about how to access dental services available, 

which was confirmed by a previous study showing that these families use public 

dental services at a lower rate.101
  Thus, secondary prevention and restorative 

treatment needs remain unmet.97  Although, this may be not permanent, as evidence 

has shown that the integration and adaptation of individuals to a new culture helped 

improve their oral health status, awareness and service use in adulthood, as reported 

in a group of Vietnamese immigrants from Melbourne.102   
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Dental visits 

The vast majority of participants in the present study have seen a dental practitioner 

before, but those who have done it only for emergency motives have higher caries 

experience and caries prevalence than those who regularly attended their dental 

check-ups.  This trend was more noticeable in the Chilean sample, as the number of 

children in the group of emergency treatment was four times higher than in 

Melbourne.  Emergency treatment consists of a limited number of clinical actions and 

usually the primary cause of the problem cannot be solved.103  The public sector in 

Chile and Australia has priority groups for preventive and restorative care.  Patients 

who are not priority for the public system may seek emergency dental care when 

preventable conditions have become acute and painful.103  Access to regular oral 

health visits is imperative as it provides early diagnosis and prevention of oral 

disease.38  To improve access and effectiveness of preventive oral health programs, 

primary schools and early childhood education centres could provide connections 

with available dental services and create partnerships with dental schools and dental 

practices.104 

Country of residence 

As mentioned in Chapter 2, the previously reported caries experience and prevalence 

between Australia and Chile were markedly different.  However, results from the 

present study contradicted, in part, this statement.  Chilean children had a statistically 

higher DMFT (0.89 teeth vs. 0.68 teeth) compared to Australians and likewise the SiC 

DMFT (2.53 teeth vs. 2.03 teeth) was also significantly different.  On the other hand, 

binary regression models demonstrated that the caries experience in the primary 

dentition did not differ statistically.  Similar dmft, dmfs and SiC dmft were reported 

in both samples, and these findings were unexpected.  Variations in the caries 

experience reported over the years may explain these results.  For example, the 

Australian Child Dental Health Survey has determined that caries experience in 

Australian children has been gradually increasing from 1996 to 2010, more distinctly 

in the primary dentition.62  Changes in the diet have been discussed as a potential 

cause for this trend, with a high consumption of sugary drinks and processed foods, 

which was also linked to overweight and obesity.65,67,105  In contrast, data from the 

latest Chilean National Assessment of Oral Health (2007) for 6 year-old children 
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demonstrated that there is a declining tendency in caries experience 1992 to 2007.80  

This trend is difficult to confirm as updated national oral health information is lacking 

in Chile.  However, several other clinical studies in different regions of the country 

also showed that ECC is still highly prevalent.37,91,106  Despite the absence of current 

national oral health data, the Chilean government has established an oral health 

promotion and preventive program in public and subsidised pre-school centres and 

some primary schools, named ‘Sembrando Sonrisas’ (English: Seeding Smiles).  This 

program created in 2015 includes minimal intervention initiatives, healthy dieting and 

oral hygiene counselling.107  Nonetheless, the impact of this program has not been yet 

assessed by epidemiological studies.   

Chilean children participating in the current research may have similar caries 

experience compared to Australian children, but they demonstrated a higher burden of 

disease with carious lesions of increased severity.  Children from Talca have higher 

PUFA, pufa, PUFA/pufa ratio and PUFA + pufa prevalence, and they also have 

doubled the likelihood of having severe carious lesions (OR = 1.84).  This 

information using ICDAS II and PUFA/pufa indices is valuable, and epidemiologists 

and health authorities should consider it when planning preventive and therapeutic 

strategies.  Chilean public dental health services have framed their strategic plan 

according to caries experience, but perhaps it is time to move from past frameworks 

where carious lesions is represented by cavitation.58  Based on these findings, it is 

imperative to include policies to assess carious lesion progression and its 

consequences in the oral health status of children.83  

Regular dental assessment and preventive strategies may commence within the first 

years of life,76 and in both countries some efforts to achieve this goal have been made, 

for example, the ‘Smile for Miles’ and ‘Sembrando Sonrisas’ preventive programs in 

Australia and Chile, respectively.75,107  It is expected that these early dental visits may 

prevent further damage caused by dental caries and reduce emergency and restorative 

treatment, in turn, reducing the costs associated with hospitalisations, alterations in 

children’s growth and development, non-attendance to school and work, and 

deteriorated quality of life.2,76  Unquestionably, future epidemiological studies or 

surveys require collection of information about carious lesion severity and disease 

burden to assess the outcome of the implemented oral health programs longitudinally.  

Nonetheless, the baseline data from the present study will provide information to 
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public health researchers and policy makers about the characterisation of untreated 

carious lesions in the studied populations.   

Prevalence of developmental defects of enamel 

The prevalence of any enamel defects was 31.8% in Melbourne and 29.1% in Talca, 

and these values did not differ between countries.  These figures were lower than 

those reported in Australia (47%), Spain (77.3%), Brazil (72.5%) and India (42.2%).  

In these past studies, DDE were explored in similar age groups but with different 

methodology and diagnostic criteria, principally using the DDE index, which may 

explain the reported differences.108-111  

Diffuse opacities (fluorosis) were diagnosed in 4.6% and 11.1% of the children 

examined in Melbourne and Talca, respectively.  These proportion are significantly 

lower compared to other local reports.  An epidemiological survey amongst 8 to 9-

year-old South Australian children indicated that the prevalence of children with at 

least one anterior tooth affected by diffuse opacities was 27.2%.  According to the 

Thylstrup-Fejerskov Index, most of these lesions were classified as mild.112  This 

categorisation of severity indicates that the size of the lesions was less than 2 mm.113  

The present study protocol included enamel defects with an extent greater than 2 mm.  

These methodological differences may explain the variations in the estimated 

prevalence.  The latest Chilean oral health report documented that the occurrence of 

questionable and very mild fluorosis amongst 12-year-old children in the Maule 

region was 19.4%.36  The classification of severity was determined using Dean’s 

index and similar to the South Australian report, the index included small lesions,114 

which were not included in the present study. 

The occurrence of hypoplasia was minimal and results were comparable in both 

countries, with 1.5% in Melbourne and 2.4% in Talca.  Previous epidemiological 

surveys have documented a prevalence ranging from 2 to 99% of children affected by 

hypoplasia in primary and permanent teeth.108,110,115-118 All these studies utilised the 

mDDE index where enamel hypoplasia could have been confounded with PEB; thus, 

this confusion could have magnified the prevalence of hypoplasia when the defects 

were actually DHL.  
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Demarcated hypomineralised lesions of enamel 

The current epidemiological study is limited to children residing in urban Melbourne 

and Talca city.  Thus, the estimated prevalence of DHL in these communities is not 

representative of the entire State nor the overall population.  However, it was 

anticipated that the prevalence of DHL, MIH and HSPM from the present study when 

determined by a standardised method, might be similar internationally.  The utilised 

judgement criteria have been previously used in studies for MIH and HSPM index 

teeth, although this is the first time they have been used in the mixed dentition.24,45,119-

121  The present study utilised a combination of mDDE + EAPD criteria, which 

benefits comparisons between the present study’s findings and previously published 

reports.29 

Prevalence of demarcated hypomineralised lesions of enamel 

Developmental DHL affected children from Melbourne (26.9%) and Talca (24.4%).  

Of note is that these distributions have been determined in both primary and 

permanent dentitions and when compared to similar reports describing demarcated 

opacities, these figures were higher than most epidemiological surveys examining the 

mixed dentition.  In Queensland, Seow et al. (2011) reported that 18.2% of the 

examined children had one or more teeth with demarcated opacities.108  A lower 

proportion of children affected by demarcated hypomineralised defects was reported, 

with 14% and 16.4% in 6 and 12 year-old groups, respectively.110  The justification 

for these differences is the type of diagnostic criteria utilised.  Studies on DDE 

usually present data collected using the mDDE index, which does not include PEB as 

part of demarcated lesions, and it may have been confounded with hypoplasia.  

Therefore, when findings from the present study are compared with past reports, the 

hypoplasia prevalence appears low and the occurrence of DHL is high. 

There are only two clinical surveys derived from a German project that reported DHL 

using similar examination criteria to the present study.27,122    The prevalence of DHL 

in the permanent dentition was 36.5% and in the primary dentition was 6.9%.  This 

evidence supports the recommendation that all teeth with DHL should be recorded in 

future studies using appropriate diagnostic criteria to determine the number of 

participants with signs of demarcated hypomineralisation.27-29,123 



 

 242 

Demarcated hypomineralised lesions of enamel and socio-demographic 

factors 

The proportion of children affected by DHL did not vary according to socio-

demographic factors.  This finding was confirmed by bivariate and regression 

statistical analyses and supported by the literature, which demonstrated that the 

prevalence distribution of demarcated opacities did not differ, for example, between 

female and male children in several studies.111,117,124-126  Only a few reports have 

demonstrated that boys had a greater number of demarcated opacities.110,127  

Age groups did not show statistically significant differences in the prevalence of 

children diagnosed with DHL.  This result is contrary to various studies concerning 

demarcated opacities in mixed dentitions, as most of the studies selected specific age 

groups (e.g. 6 or 12 years old) or data were presented in the primary and permanent 

dentition, independently.108,110,127  Other authors have determined that age influenced 

the prevalence of DDE in general, as an increment of one year-of-age increased the 

odds for presenting DDE by 15%.109,126  

The present study samples did not demonstrate differing DHL prevalence according 

to SES.  There is a generalised concept that low-income influences the prevalence of 

DDE in the primary dentition, particularly in developing countries were nutritional 

and infectious problems abound.118,128  However, conflicting evidence for the mixed 

dentition regarding socio-economics was found.  A study from Mexico determined 

that the economic characterisation of the sample did not influence the proportion of 

children affected with DHL, whereas an increased prevalence of DDE was present in 

the deprived groups from India.110,126  

Demarcated hypomineralised lesions of enamel distribution by tooth type 

The prevalence of DHL at tooth level was approximately 3% in the permanent 

dentition with an average of 1.56 teeth affected.  In the primary dentition, the 

prevalence was 2% with a mean number of 0.7 primary teeth compromised.  The 

recorded number of primary teeth affected is lower because of the considerable 

number of children with exfoliated teeth, particularly in the 10-12 year-old group.  

Nevertheless, these figures are consistent with results reported by Kühnisch et al. 

(2014).27  
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Children from both countries had DHL in all tooth groups except primary incisors, 

which were exfoliated in the majority of the participants.  This finding reinforces the 

idea that any tooth can have DHL present, although, the most prevalent teeth affected 

were FPMs and SPMs.  This finding is supported by several clinical surveys 

exploring DDE in the primary, permanent and mixed dentition.45,108-110,125,129-132  

Further characteristics of these defects are presented below in the MIH and HSPM 

discussion sections. 

Regarding the other teeth affected, the proportion or children with SPeMs having 

DHL ranged from 3 to 6% approximately, and hypomineralised SPeMs accounted for 

7.3% and 1.8% of total amount of teeth with DHL in Melbourne and Talca, 

respectively.  The presence of hypomineralised SPeMs has been investigated in a very 

limited number of studies whose methodology included the traditional mDDE 

index.108,110,130  These studies reported a higher prevalence at tooth level as 

participants were older compared to the current survey.  More contemporary data has 

been documented in Brazil,129 where a substantial 10.3% (61/594) of the children 

aged 11 to 14 years old had SPeMs affected by DHL.  The authors did not discuss the 

potential cause for this sizable prevalence, but they stated that it was strongly 

associated with MIH.  A thesis dissertation from UoM determined 6% prevalence of 

hypomineralised SPeMs in orthodontic patients aged from 7 to 42 years old without 

association with MIH.121  Investigating SPeMs may be useful for determining the 

causative factors also related to MIH.  There is a possibility of finding isolated 

incidents occurring during the mineralisation period of SPeMs more easily since they 

happen later in life (from 3 to six years).121  

Predominantly, the severity of hypomineralised SPeMs is mild.108,110,130  However, 

there were three cases from Melbourne where the degree of hypomineralisation was 

categorised as moderate/severe, with one child having PEB and two children 

presenting atypical restorations.  Parents and patients should be alerted that SPeMs 

may also be compromised by DHL, but these teeth will be unlikely to have severe 

defects.121  Leen (2013) hypothesised that 15 - 22% of children with extracted FPMs 

due to DHL might potentially have hypomineralised SPeMs.121  Early extraction of 

affected FPMs does not necessarily suggest a hypomineralisation-free dentition in the 

future.  
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Children with hypomineralised premolars and permanent canines ranged from 2.3% 

to 7.1%.  A similar occurrence of children with these teeth affected by DHL has been 

documented in several studies either by using the mDDE index or the EAPD 

diagnostic criteria.108,110,129,130,133,134  Hypomineralised permanent canines are strongly 

correlated with the incidence of MIH, and they will rarely be present in children 

without signs of MIH.135   This evidence proves that aetiological factors may act for 

longer periods during the maturation stage of amelogenesis, and this may result in an 

increased number of teeth affected by DHL.133,136,137 

Hypomineralised first primary molars and primary canines were present in around 5% 

of children in both samples, with prevalence at tooth level of 12% and 8% of the 

hypomineralised primary teeth, respectively.  It should be noted that the majority of 

hypomineralised first primary molars demonstrated increased severity and one child 

had four molars affected.  Using a pre-MIH era approach, first primary molars are in 

second place, following SPMs, as the most prevalent primary teeth affected by DDE, 

particularly demarcated opacities.110,125,138  One author noted this type of 

hypomineralisation using a more updated methodology based on the EAPD index.45  

The study explored DDE exclusively in the primary dentition of young children, but it 

documented reversed results compared to the current study of mixed dentition, with a 

higher number of hypomineralised primary canines and only 1.8% of children having 

hypomineralised first primary molars mostly of mild severity.  Others have also 

communicated that primary canines can repeatedly be compromised by 

hypomineralisation,118,124 and they can be concomitant with HSPM.45 

Distribution of the type of demarcated hypomineralised lesions of enamel  

The majority of children with DHL had mild lesions (i.e. intact CW or YB lesions) 

that occupied less than one-third of the tooth surface.  The majority of affected teeth 

had mild intact opacities which may not require any further treatment.23  However, 

approximately a quarter of hypomineralised permanent and primary teeth had YB 

lesions.  A strong association between dark brown enamel opacities and PEB has been 

conjectured by laboratory and clinical studies,139,140 as dark opacities have poorer 

mechanical properties caused by deficient mineral density, increased porosity and 

presence of organic content when compared to normal enamel or white DHL.19,20,22,140  

The quantification of mineral content may predict the future behaviour of these 
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lesions.  However, auxiliary methods that can help in diagnosing and quantifying 

lesions in vivo settings need to be validated.  For example, fluorescence methods may 

provide surrogate measures for mineral content and may also be useful to explore the 

optical properties of the enamel affected by DHL.  Information regarding 

fluorescence as a detection method for DHL is described in Chapter 5 and 6. 

Atypical restorations were the next most prevalent type of defect for both dentitions.  

Children from Melbourne presented double the proportion of hypomineralised 

permanent and primary teeth restored compared to participants from Talca (20% vs. 

10%).  A regression model also indicated that untreated hypomineralised teeth are 

more common amongst Chilean children (OR = 2.87).  The presence of atypical 

carious lesions in the permanent dentition was similar in both countries (~7%).  

However, there was a substantial proportion of atypical carious lesions in the primary 

dentition amongst students from Melbourne (25%), whereas primary teeth with PEB 

(25%) were more commonly found amongst Chilean participants.  Post-eruptive 

enamel breakdown may result in rapid carious lesion progression and sensitivity.141  

Thus, atypical carious lesions and PEB require complex restorative treatment or 

extraction.142  The differences in the findings reported by country of residence may 

represent the marked variations in the structure and access to oral health services 

between countries.143
  Australian children affected by DHL received more treatment 

since Australia has greater resources, including the development of a specific clinical 

guidelines regarding the management of compromised FPMs.144   Nevertheless, the 

restorative treatment received is unlikely to be permanent, as atypical restorations 

have an increased risk of failure.145  As stated in Chapter 3, in Chile, equivalent 

guidelines for management and care of DHL-affected children are practically absent, 

and the dental community is less aware of the prevalence and clinical characteristics 

of this condition compared to Australian dental professionals.146,147  Another reason 

for these differences is related to the parents’ level of knowledge, and these defects 

have remained untreated because parents were probably unaware of the oral health 

status of their children or they have overlooked the paramount role of a healthy 

primary dentition to establish good oral health in the future.148  To add information 

regarding the management of DHL in established oral health promotion programs and 

to develop continuing education programs will be beneficial to educate the general 

dental community, children and their families; consequently, this will improve the 
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oral health status of affected children by limiting progression of the defects into more 

severe lesions that may cause pain and infection. 

Molar-incisor hypomineralisation 

The prevalence of children with one or more FPMs affected by DHL in Melbourne 

was 14.7%, whereas, in Talca, it was slightly higher (15.8%).  Still, the prevalence of 

MIH was not influenced by country of residence.  These proportions are in agreement 

with many previous epidemiological investigations documenting MIH prevalence 

rates in similar age groups in various continents.11,12,137,149-155  

Almost 80% of children only had their FPMs affected with no signs of 

hypomineralised PIs, consistent with previous prevalence studies.120,156-158  However, 

there is a vast amount of research that determined contrary results, showing that the 

majority of children had hypomineralised FPMs and hypomineralised PIs 

simultaneously.119,129,159-162  Most of these studies have separated their results between 

those children with all index teeth erupted and those with at least one index tooth 

present.  The current study protocol, included the eruption status criteria,29 but this 

information was not shown in the result section because the aim was to determine the 

prevalence of DHL encountered in the entire primary and permanent dentition. 

The greater proportion of affected children presented only one hypomineralised FPM.  

Fifteen per cent of the children from Melbourne had four FPMs affected whereas only 

5% had this characteristic in Talca city.  This outcome is the opposite of many other 

studies documenting that the majority of children had on average all the FPMs 

affected.119,133,137,157,159,163  Since the present survey recruited participants from 6 to 12 

years-old with at least one erupted FPM, there was a significant number of 

schoolchildren with an incomplete set of index teeth.  These inclusion criteria may be 

responsible for these contradictory findings. 

Analyses demonstrated that children with an increased number of hypomineralised 

FPMs had a greater likelihood to have hypomineralised PIs.  A grave insult affecting 

amelogenesis reflects a larger number of hypomineralised teeth of increased 

severity.14,164,165  Confirming the findings of others, a higher number of affected 

FPMs also influenced severity and extent of the lesions.120,137,156,157,162,164  
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Severe defects represent increased treatment needs, and nearly half of MIH-affected 

children (50% in Melbourne and 43% in Talca) had one or more moderately/severely 

compromised FPMs. Untreated DHL-affected FPMs (diagnosed with PEB and 

atypical carious lesions) were 23% in Talca and 15% in Melbourne.  The detection of 

hypomineralised molars soon after eruption is imperative to provide appropriate 

management and care, since the existent possibility of having other teeth 

compromised or having a detrimental progress into more severe lesions; thus, the 

eruption process has to be supervised closely.139,161  Over 10% of the 6 – 7 year-old 

children in the present study were diagnosed with MIH.  Despite the suggested 

examination age being 8 years,28,166 this important finding confirms the clinical 

significance of MIH being detected early in life.    

Although the distribution of the hypomineralised FPMs was fairly similar between the 

mandible and maxilla, supporting previously published results,12,167,168 an increased 

extent and severity was found when children presented hypomineralised FPMs in both 

jaws. 

Hypomineralised second primary molars  

The prevalence of one or more HSPM was 8.0% and 5.0% in Melbourne and Talca, 

respectively.  These figures are consistent with previously published epidemiological 

investigations in Germany (4.0%), Nigeria (4.6%), India (5.6%), Iraq (6.6%) and the 

Netherlands (4.9% and 9.0%).24,25,27,48,169,170  Interestingly, one study from Melbourne 

and another from Brazil have reported higher prevalence rates of 14% and 20%, 

respectively.45,171  These two studies have examined children younger than 5 years-of-

age, unlike the present study, which sampled 6 to 12 year-old schoolchildren.  This 

sample selection may explain the differences in the reported proportions, since 

children with exfoliated SPMs were prevalent in the present study sample.   

The highest number of children had only one HSPM affected.  Approximately 30% 

and 10% of the HSPM-affected children for both countries had two and three HSPM, 

respectively.  Only 7% of Chilean participants had four HSPM.  These values fit 

between the ranges determined in Iraq and the Netherlands.24,170  Interestingly, 15% 

of children from Australia had four affected SPMs, higher than preceding reports 

from Melbourne (5.7%) but lower than Indian data (29.1%).45,48  On the other hand, 

an early paper documented that the majority of HSPM-affected children had their four 
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SPMs compromised (10 out of 19), a value that is comparatively high.25  The insult 

altering amelogenesis may be similar between children, but the magnitude of the 

insult that is responsible for the number of teeth affected may vary.14,164,165  This may 

be one of the reasons explaining why the proportions of teeth affected differed greatly 

between studies.  

Concerning severity, the majority of the HSPM-affected children from Melbourne 

(69%) and Talca (59%) had one or more moderately/severely compromised HSPM.  

Atypical restorations, atypical carious lesions, PEB or atypical extractions are also 

present in approximately 60% of HSPM-affected children in the Netherlands.170  The 

clinical manifestations of HSPM appeared to be of greater severity compared to MIH 

characteristics.  Mittal et al. (2015) published similar findings.48  It was argued that 

these differences are mainly based on the period that these two index teeth (FPMs and 

SPMs) have been exposed to the oral environment.  Second primary molars erupt four 

years earlier than FPMs,172,173 and by the age when participants were examined in the 

present study (6 to 12 years) the SPMs have been present in the oral cavity for a 

prolonged time in comparison to FPMs.  Hypomineralised SPMs have received a 

greater masticatory and occlusal impact; thus, they have a higher frequency of PEB 

and atypical carious lesions.48,170 

Similar to one investigation conducted in early childhood centres from Melbourne, 

there was a tendency for an increasing number of HSPM with lesions of major 

severity and extent.45  These findings may be a reflection of what is occurring with 

children affected by MIH, where a positive association has been noted between the 

number of affected FPMs and defect severity/extent.120,137,156,157,162,164  

MIH and HSPM  

Nearly 30% and 40% of HSPM-affected children in Melbourne and Talca, 

respectively, also had hypomineralised FPMs.  Comparable co-morbidities have been 

published in Iraq, Nigeria, India and the Netherlands, but not all studies demonstrated 

statistical significance.24,48,169,170  One longitudinal study analysed the coexistence 

between MIH and HSPM and documented that 7 of 21 children with mild HSPM 

developed MIH; however, no statistical significance validated this finding as 

statistical power was lacking due to the small sample size.171  The expressed 

concomitance of HSPM and MIH suggests common causative factors acting within a 
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particular overlapping period and affecting SPMs, FPMs and PIs simultaneously.169  

For example, ethnicity, alcohol consumption by the mother during pregnancy, 

delivery complications, low birth weight and common childhood illness, were found 

to be associated risk factors for HSPM.174,175  These factors closely align with those 

reported for MIH.176 

Children with one or more HSPM had increased likelihood of DHL in one or more 

FPMs with OR = 2.9 and OR = 3.6 in Melbourne and Talca, respectively, 

significantly lower than OR reported by Elfrink et al. (2012) (OR = 4.4) and Mittal et 

al. (2015) (OR = 7.8), as different age groups were examined.48,170  For Melbourne, 

the presence of more than one HSPM or a major severity of the lesions were not 

related to an increased risk for MIH, whereas in Talca the OR were slightly 

augmented according to defect severity.  The number of children with more than one 

HSPM or with severely affected HSPM was very small, ranging from 15/327 to 

18/577 of the total sample from Melbourne and Talca respectively.  Therefore, the 

association between severity and number of HSPM as a risk indicator for MIH must 

be interpreted cautiously.  Previous reports supported the fact that the presence of 

PEB in HSPM does not elevate the likelihood of developing MIH.48,170  As 

hypothesised before, a causative factor acting in the last stages of mineralisation of a 

SPM may result in a mildly affected HSPM which may have gone unnoticed, but it 

may affect mineralisation of FPMs during its active stage.48  This could explain why 

the overall presence of HSPM irrespective of the severity was associated with MIH in 

the present study and others.  

Considering that SPMs erupt at around 2 years and there is an overlapping period of 

mineralisation with the FPMs,177 HSPM might be a clinically suitable risk assessment 

tool and predictor for MIH.24,169,170  Preventive therapies (e.g. enhance mineralisation 

with fluoride or CPP-ACP) have proved to act effectively, and parents can be advised 

on further treatment and correct management if early diagnosis of hypomineralised 

FPMs is achieved.48,123,170  

Dental caries and demarcated hypomineralised lesions of 

enamel 

The present study explored the repercussions of DHL clinical manifestations in caries 

prevalence and severity of two communities with reportedly different caries 
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experience.  The comparative information generated would be useful to better 

understand the influence of DHL on the dental caries disease and its impact according 

to the caries-risk of the population. 

Caries experience and demarcated hypomineralised lesions of enamel 

Dental caries has a multifactorial origin and many determinant variables associated 

with this prevalent disease, such as dietary information, fluoride use, microbiome 

characteristics and oral hygiene practices, were not included or controlled for in the 

present study.  However, differences were noted in aspects related to the relationship 

between DHL presence and the caries experience and carious lesion severity.  This 

confirms that hypomineralised defects play a significant role as a risk factor not only 

for carious lesion development,9,159,178,179 but also for carious lesion progression. 

Caries experience and MIH 

Bivariate analyses showed that the DMFT mean value in the MIH-affected group was 

almost twice as high as in their healthy counterparts.9,23,129,155,158,178,180,181  Also, a 

variation in the D2MFT was found between MIH-affected and non-affected children, 

although, comparisons with other studies are implausible as previous studies only 

considered cavitated carious lesions.  Only one study included cavitated and non-

cavitated carious lesions, but contrary to the present study, authors reported no 

association between MIH-affected and non-affected participants.122  After controlling 

for socio-demographic and socio-economic variables, the present study’s statistical 

analyses indicated that children with MIH had 7.9 times the likelihood of DMFT 

greater than zero when compared with non-affected children.  Other authors have 

reported different odds ratio for DMFT higher than zero, but analyses did not control 

for other independent variables.11,12  These findings confirm deteriorated oral health 

and increased treatment needs amongst participants with MIH, whether affecting their 

hypomineralised FPMs or other permanent teeth.162  On the other hand, only two 

studies from Germany and one from Norway have reported a lack of association 

between dental caries experience and MIH.122,134  Reasons for the disagreement 

included the very low caries experience in the German population and the exclusion 

of atypical restorations as part of the F component of the DMFT.  
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Caries experience and HSPM 

The presence of HSPM also increased dmft, in addition, regression models showed 

that the odds ratio for having dmft > 0 rose to 5.28 in HSPM-affected children when 

other socio-demographic variables were accounted for.  A previous study conducted 

by Ghanim et al. (2013) demonstrated that dmft was higher in children with 

hypomineralised molars, including in the analysis FPMs and SPMs combined.9  

Another study from the Netherlands confirmed that the increased caries experience in 

SPMs when compared to first primary molars was mainly associated with the 

presence of HSPM.8  Despite few reports being available for comparison, these 

findings on HSPM are similar to MIH being a risk factor for increased caries 

experience in the permanent dentition.  

Caries prevalence and demarcated hypomineralised lesions of enamel 

In addition to DMFT/dmft data, the present study evaluated the caries prevalence of 

participant children using ICDAS II and its relationship with DHL, MIH and HSPM 

occurrence. 

Caries prevalence and MIH 

The likelihood for cavitated carious lesions in the permanent dentition was four times 

higher for MIH-affected children compared to non-affected participants.  Results are 

consistent with another study showing that almost half of children with MIH had 

cavitated carious lesions.182  Authors have based their findings only on cavitated 

carious lesions present in FPMs, disregarding the health status of the entire 

dentition,133 with a higher occurrence of carious lesions in MIH-affected molars 

compared to non-affected FPMs.133,158,183 

In the present study, the majority of children with MIH (75% in Talca and 62% in 

Melbourne) had detectable carious lesions.  However, the presence of non-cavitated 

carious lesions in hypomineralised teeth was limited in the present study.  Children 

diagnosed with a severe form of MIH were also diagnosed with severe carious lesions 

(Code C).  This positive relationship between MIH severity and carious lesion 

severity was statistically significant for both countries; consistent with findings of a 

cross-sectional survey in Iraq showing that the prevalence of carious lesions 

(diagnosed by ICDAS II) in hypomineralised molars was double when compared to 
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sound molar teeth, demonstrating a close correlation between ICDAS II codes and 

severity and extent of the hypomineralisation.9  

Caries prevalence and HSPM 

The presence of HSPM was not related to the prevalence of carious lesions in the 

primary dentition.  The distribution of ICDAS II codes according to the type of lesion 

in HSPM was similar between countries, where one-third of the HSPM had no carious 

lesions (Code 0).  These findings differ markedly from a clinical survey conducted in 

early childhood centres in Melbourne, where the majority of HSPM had no carious 

lesions.45   However, this previous survey, examined 3 to 5 year-old children in a very 

low caries-risk population, which may explain the different results obtained.  On the 

other hand, in the present study, no HSPM presented incipient carious lesions, which 

also contradicts a report made by Ghanim et al. (2013), where nearly 12% of HSPM 

had carious lesions coded as ICDAS 2.24  A possible explanation for the absence of 

Code 2 in HSPM could be the increased severity of the lesions compared to previous 

studies. The majority of HSPM were diagnosed with moderate/severe lesions; 

therefore, PEB, atypical restorations or atypical carious lesions masked the initial 

carious lesions.  The age cohorts selected in the present study sample may have also 

influenced this increased severity, as previous studies have explored HSPM in 

younger participants.24,45 

Present findings indicated that Australian children affected by severe HSPM and 

those with defects of greater extent had carious lesions of increased severity 

compared with those with mild defects.  This trend was also present amongst Chilean 

students.  The association between dental caries severity and HSPM was also 

mentioned by Ghanim et al. (2013), with a similar proportion of cavitated lesions 

(Code 3 to 6) reported in affected SPMs compared to the present study.24   In another 

study in a younger sample, this association could not be demonstrated as most PEB 

involved enamel only; therefore, it is expected that with increased age and after a 

prolonged masticatory function, DHL severity may progress.  However, the 

magnitude of this progression depends on the individual oral health determinants,179 

and the appropriate management and care received. 

Demarcated hypomineralised lesions of enamel affecting the primary dentition, 

particularly those porous in nature or with PEB, may facilitate the colonisation of the 
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enamel surface by cariogenic bacteria which consequently will increase the caries-risk 

of children affected in a similar fashion to FPMs.  The reduced mineral density found 

in HSPM may also increase caries-risk.184  Moreover, as demonstrated by the present 

study results, there is an increased severity of the atypical carious lesions in the 

primary dentition compared to the permanent dentition.  Thus, the detection of DHL 

in early child oral health check-ups is relevant and would allow preventive 

interventions (i.e. dietary counselling, oral hygiene instruction, use of desensitising 

agents) to reduce adverse consequences, even if the past caries history of young 

children affected by enamel defects is low.185  

PUFA/pufa and demarcated hypomineralised lesions of enamel 

The average number of pulpally compromised permanent teeth (PUFA) was also 

higher in DHL-affected participants when compared to non-affected children.  Most 

importantly, when statistical analyses adjusted for confounding factors, the presence 

of MIH significantly increased the odds (OR = 18.03) for PUFA > 0.  To the authors’ 

knowledge, information regarding the relationship between PUFA/pufa and DHL has 

not been reported previously; most studies investigated only the past and present 

dental caries experience not determining the treatment needs of children affected by 

DHL.  Some studies have explored the treatment received by those affected by DHL, 

but only one report showed that children affected with hypomineralised teeth had a 

significantly greater need for pulp treatment.159  However, endodontic treatment in 

hypomineralised permanent teeth is a dilemma and prognosis must be considered.186  

An uncooperative child, difficulty in achieving local anaesthesia, long time to 

complete treatment, poor restorative prognosis and financial consequences must be 

taken into account when assessing the long-term prognosis of severely affected and 

heavily restored teeth.186  

Dental caries and demarcated hypomineralised lesions of 

enamel between countries 

The difference between countries in the prevalence of untreated carious lesions with 

or without association with DHL may be more connected to the provision and access 

to dental treatment.187,188  Thus, the management of children affected by DHL should 
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be personalised according to the individual economic, clinical and personal 

characteristics within the context of the expected caries-risk.  

Dental care for DHL-affected children appears to be more feasible in developed 

countries.  In children from Melbourne, a low caries-risk group, it was noted that the 

mean number of permanent teeth with restorative treatment received was almost four 

times higher in DHL-affected compared to non-affected participants.  The present 

study also demonstrated a lower proportion of hypomineralised teeth with atypical 

restorations in Talca compared to students from Melbourne (10% vs. 20%).  Also, 

GEE analysis adjusted for confounding factors and determined that Chilean 

participants had a greater likelihood of untreated DHL-affected teeth.  The increased 

awareness of dental professionals, along with initiatives adopted by Australian oral 

health authorities, may have influenced these differences.  For example, creation of 

specific clinical guidelines, eligibility of all children under the age of 13 for public 

dental care, the introduction of the Child Dental Benefits Scheme and the presence of 

oral health clinicians specially trained to promote oral health and provide treatment to 

children (i.e. dental therapists and oral health therapists) in the public 

system.98,144,147,189,190  In contrast, dental health services in developing countries 

usually provide emergency services only or provide treatment for specific conditions 

that affect certain age groups of the population.143  All Chilean children aged 6 years 

are a priority for comprehensive dental treatment at public dental clinics until their 

four permanent molars erupt.191  At this stage, hypomineralised lesions in FPMs can 

most likely be diagnosed, but the treatment of these defects in the permanent dentition 

may take longer or may need to be performed after the age of 6, when children are no 

longer part of the priority groups for public primary dental care.  Children older than 

6 years have to be affiliated to FONASA (Chilean National Health Found) to be 

eligible for restorative treatment in public dental services and appointments are 

limited.191 

In Chile and Australia, children severely affected by DDE can be referred to 

paediatric dental specialists for further treatment, however, there are limitations for 

specialist consultation, such as a shortage of paediatric dental specialists in the public 

sector or that the system prioritises some patients for treatment and waiting periods 

could be prolonged.  Therefore, some patients may seek care provided by the private 

sector where curative restorative treatment is relatively expensive and may vary from 
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interim coronal restoration using GICs to definitive restorations using RC, PFMs, cast 

restorations or extraction.123,192,193  As supported by results in Chapter 3, PFM were 

not frequently used by Chilean dentists.  In Chile, paediatric dental specialists are 

responsible for PFMs placement, as GDPs are not trained to provide this type of 

treatment.  Therefore, it is common that children from Talca had fewer restorative 

treatment options available at the primary level, which are represented by more teeth 

extracted due to hypomineralisation.  On the other hand, the durability of the 

restorations may be affected by several complex clinical conditions, such as child’s 

behavioural problems, moisture control and determination of the margins of the 

restoration.192  Therefore, the increased risk of repeated treatment amongst affected 

children confirms the associated financial burden for the families;62,194 and socio-

economic determinants can influence inequalities in oral health.143  

Children from Melbourne had a higher number of hypomineralised teeth with atypical 

carious lesions (13%) compared to children from Talca (6%).  This differentiated 

dental caries entity, which in the past was only PEB,166 increases the overall caries 

burden and in low caries-risk communities, and it may correspond to a significant 

proportion of the general caries experience and prevalence.  On the other hand, in 

higher caries-risk communities, it is likely that these lesions progress more rapidly 

into severe carious lesions causing infection and pain to affected children, because of 

the presence of unfavourable oral health conditions and limited access to oral health 

care.   

Conclusion 

The current comparative epidemiological survey evaluated dental caries and DHL 

characteristics in 6 to 12 year-old children from Melbourne and Talca city. 

Caries experience was comparatively modest and varied between the studied 

populations, particularly in the permanent dentition.  However, a high burden of 

disease was demonstrated, which were represented by ICDAS II criteria and 

PUFA/pufa index.  Approximately 20% of the children had severe carious lesions, 

and the majority of them had one or more teeth with pulpal involvement.  Type of 

school, place of birth and reason for dental visits had a significant effect in increasing 

caries experience and severity. 
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Demarcated hypomineralised lesions of enamel affected approximately one of five 

children, and MIH (~15%) and HSPM (5 – 8%) prevalence rates were consistent with 

many previously published studies.  The present diagnostic criteria used under the 

same conditions confirmed that the prevalence of DHL was independent of the caries-

risk of the population.  Half of the DHL-affected children had at least one severely 

affected tooth, primarily affecting FPMs or SPMs.  Nevertheless, the present study 

findings confirm that any tooth can have DHL. 

Children with DHL have significantly increased caries experience and severity 

compared to DHL-free children.  Demarcated hypomineralised lesions of enamel had 

a greater impact on the caries severity in children from high caries-risk communities, 

as DHL-affected children residing in Talca had an increased number of untreated 

hypomineralised teeth with severe atypical carious lesions 
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Abstract 

Introduction: Quantitative light-induced fluorescence is a non-invasive technology 

developed to quantify changes in fluorescence of demineralised enamel compared 

with surrounding sound enamel.  The aim of this study was to determine the validity 

of QLF-D in regard to the detection and quantification of severity of DHL in vitro, 

using Micro-CT MD as the reference standard.  A secondary aim was to develop a 

protocol for 3D analysis using Micro-CT 

Methods: Twenty-two first permanent molars with DHL were collected.  Lesions 

were classified individually, CW lesions (N = 6), YB lesions (N = 11) and PEB (N = 

7).  The adjacent cervical enamel was used as a control enamel (CE).   Teeth were 

scanned using a SkyScan-1172 high-resolution Micro-CT and 3-D MD calculations 

were performed using CT-Analyser software program.  The QLF-D BiluminatorTM 

and its software programs were used for calculating fluorescence change (∆F) and red 

fluorescence (∆R).  Colour (L*a*b*) variations in QLF-D images were analysed 

using Adobe Photoshop® CS4 Extended software program.  Mixed models with 

Sidak’s post hoc analysis and Pearson’s correlations were computed.  Sensitivity and 

specificity were calculated for ∆F values.  Alpha level was set at 0.05. 

Results: Mineral density and porosity mean values by lesion type were statistically 

different (p < 0.001).  Creamy/white lesions had lower ∆F than YB and PEB (p < 

0.05).  Red fluorescence was emitted by the majority of the defects, and the means of 

lesion types differed (p < 0.001). The predictive model indicated that MD was not 

correlated with ∆F and lesion type.  Statistically significant correlation was found 

between MD and colour variations (p < 0.05). 

Conclusions: The clinical presentation of DHL was associated with QLF-D 

fluorescence change and 3D Micro-CT derived MD independently. The present 

findings support QLF-D as a method to detect hypomineralised lesions of different 

clinical presentation, with red fluorescence putatively related to the severity of the 

defects.  
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Introduction 

Demarcated hypomineralised lesions of enamel are prevalent enamel defects.1 The 

clinical presentation of these lesions varies from mild creamy/white - to yellow/brown 

coloured opacities to severe enamel defects.  Severe defects involve loss of initially 

formed surface enamel subsequent to tooth eruption (PEB) which may appear 

clinically as if the enamel is hypoplastic.2-4  One specific and prevalent type of DHL, 

MIH, has been the centre of attention for many researchers during the last two 

decades.5  In the permanent dentition, MIH-affected children have DHL affecting one 

or more of their FPMs; with PIs often affected.6,7  All other teeth, especially second 

primary molars, second permanent molars and canines may be also affected by 

DHL.6,8-13 

Hypomineralised lesions can cause pain and suffering, increasing caries-risk and 

complicating clinical management for dental professionals.2  The aetiology and 

pathogenesis of these defects are not totally elucidated; however, they would appear 

to be related to common childhood illness and possibly to a genetic tendency.14  

Therefore, at present, clinical parameters are the only method to determine severity 

and treatment needs for affected teeth.  

The deficiency in MD is an important factor for determining the severity and 

subsequent behaviour of the lesions.15  In general, MD or porosity variations of 

hypomineralised enamel have been reported from in vitro studies, using methods such 

as PLM, Micro-CT and TMR.16,17  Initially, the reports were mainly exploratory, with 

few specimens studied and use of healthy premolars as comparative control teeth.17,18  

The general consensus demonstrated that hypomineralised lesions have decreased MD 

leading to poor mechanical properties.  Affected molar teeth often cannot withstand 

normal masticatory forces resulting in early loss of enamel integrity following tooth 

eruption.17,19 Non-invasive Micro-CT analyses have confirmed the different gradient 

in MD between lesions compared to healthy enamel, with MD increasing from under 

the surface layer to the DEJ, the opposite of healthy enamel.19  A relationship between 

MD with the DHL appearance/colour has been also reported.  For instance, brown 

DHL tend to have lower MD compared to white and yellow lesions.15  Furthermore, 

DHL have demonstrated an approximate 20% average reduction in MD, with some 

areas of the lesions having a reduction up to 50%.19-21  Nevertheless, reported values 
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of MD were sourced from thin cross-sectional Micro-CT images resulting in limited 

volumes of enamel being analysed.  Results have been difficult to compare between 

studies, as different units of measurement with substantial variability in mineral 

content in different areas of a lesion have been reported.  In addition to MD 

information, Micro-CT is a reliable method to determine the depth of 

demineralisation of enamel in vitro.22  It also provides 3-D and porosity data and 

visualises hidden details without requiring specimen sectioning/preparation.23  The 

volumetric applicability of Micro-CT remains untested in DHL. 

Quantitative light-induced fluorescence (QLF; Inspektor Research Systems B.V., the 

Netherlands) is a non-invasive, light-based technology used to quantify changes in the 

degree of fluorescence of demineralised enamel compared with surrounding sound 

enamel.24  The changes in fluorescence are analysed via bespoke software to relate 

change in fluorescence with change in mineral content.  This technology also has the 

capability of longitudinal assessment of lesion progress.25  Fluorescence change 

owing to enamel and dentine alterations could be used as a surrogate measure for MD 

variation, and it could be a useful tool to quantify changes in mineral content of DHL 

in clinical settings.26  Fluorescence occurs when an object is excited by a singular 

wavelength (light in the visible spectrum) and subsequently it emits a light in a higher 

wavelength (different colour).27  In QLF systems, the blue excitation light wavelength 

is approximately 370 - 405 nm and the emitted light is in the blue and green spectrum.  

This autofluorescence is detected by filtering the excitation light using a bandpass 

filter at wavelengths higher than 540 nm with a filter attached to a camera; an image 

is then captured and stored.27  The QLF is a sensitive and reproducible method for  

enamel lesions up to 400 um depth.28  It has been hypothesised that dentine and the 

DEJ are the source of fluorescence.27  Demineralised enamel has reduced 

fluorescence as the dentine fluorescence is back scattered when passing through the 

lesion.27  In QLF images, demineralised enamel is shown as a darker area compared 

to the surrounding sound enamel, and decreased mineral content correlates with 

fluorescence loss.29,30  The QLF technology has been used for the quantification of 

fluorescence changes in early stages of carious lesions (WSL) and other enamel 

defects, such as fluorosis.24,31-34  The recently released QLF-D system (Inspektor 

Research Systems, B.V., the Netherlands) is a single-lens, reflex camera-based 

system, which in addition to fluorescence loss quantification (expressed as ΔF) it can 
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capture white light images and detect changes in red fluorescence (expressed as ∆R) 

more clearly.35  This red fluorescence is produced by endogenous porphyrins in 

bacteria when excited with 405 nm of visible blue light.36  Thus, ∆R has been reported 

to be indirectly related to bacterial activity.37  Mineral variations in enamel, as well as 

bacterial penetration into the dentine, have been observed in DHL;19,38 therefore, both 

MD and QLF parameters (∆F and ∆R) are relevant. 

The validation of non-destructive methods that can be used for in vivo research 

against reference-standard methods limited to in vitro use (e.g. micro-CT, TMR) 

might have implications for clinical research, where the same lesion can be monitored 

in longitudinal interventional clinical studies. 

The primary aim of this study was to determine the validity of QLF-D in regard to the 

detection and quantification of severity of developmental DHL in vitro when 

compared to Micro-CT determination of lesion characteristics.  A secondary aim was 

to develop a protocol for the 3-D analysis of MD and porosity in DHL using Micro-

CT 

Materials and methods 

Ethical approval for collection of teeth was obtained from the HREC of UoM 

(#0602917, Appendix 5.2).  A convenience sample of 113 extracted molar teeth was 

obtained from patients from the Royal Dental Hospital of Melbourne and private 

dental clinics from suburban Melbourne, Australia.  Collected teeth were extracted 

due to caries, PEB or orthodontics reasons.   

Immediately after extraction, teeth were stored in aqueous 0.2% chlorhexidine w/v 

(DentalifeTM, Victoria, Australia), and then cleaned and stored independently in 

deionised water saturated with thymol (Sigma-Aldrich, St Louis, USA) to inhibit 

bacterial growth until the time of taking QLF-D images and Micro-CT analysis.  

Besides cleaning of soft-tissues and blood debris no other intervention was performed 

on the teeth before the laboratory procedures.  

Of the 113 molar teeth, 89 were excluded because of other developmental defects 

(e.g. fluorosis, hypoplasia, amelogenesis imperfecta), severe dental caries, and 

presence of restorations or fissure sealants.  The final sample consisted in 22 molars 

teeth diagnosed with DHL and two sound FPMs. 
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The lesions were analysed individually and categorised according to the EAPD 

criteria:7 CW lesions (N = 6 lesions); YB lesions (N = 11 lesions) and PEB (N = 7 

lesions).  Some molars had white and YB or PEB lesions existing simultaneously and 

lesions were analysed separately.  Control enamel was the adjacent sound enamel 

cervical to the hypomineralised defects and occlusal enamel of sound molar teeth (N 

= 2).  

Micro-CT analysis 

Teeth were scanned using a SkyScan® 1172 high-resolution Micro-CT (Bruker-

MicroCT, SkyScan, Kontich, Belgium) with the following settings: image pixel size 

of 13.53 m, source voltage of 100 kV, source current of 100 mA, rotation step of 

0.4, frame averaging of 3, geometrical correction and median filtering activated.  Two 

manufactured hydroxyapatite phantoms of known densities (0.25 & 0.75 g/cm3; 

SkyScan, Kontich, Belgium) were used for calibration based on their attenuation 

coefficients.  Later, images were reconstructed using SkyScan® NRecon Version 

1.6.6.0 (Bruker-MicroCT, Kontich, Belgium) with a beam hardening correction of 

100%.  

Qualitative analysis of Micro-CT 

Grey scale and chromatic 3-D maps of each tooth were created using SkyScan® 

CTVox version 2.2 (CTVox) and SkyScan® CT-analyser version 1.13.5.1 (CTAn) 

(Bruker-MicroCT, Kontich, Belgium) as an aid for localisation of the lesion.  Using 

CTAn, grey scale index values were represented in line graphs (profiles).  3-D models 

of the lesion sections were constructed with SkyScan® CT-volume version 2.0 

(CTVol). 

Quantitative analysis of Micro-CT  

Cross-sectional and vertical sections of the lesions were analysed using CTAn.  From 

cross-sectional sections, the profile line crossing the epicentre of the lesion was 

resliced into 200 vertical images.  This vertical set of images was individually stored 

and reconstructed for further analysis.  Squares of 0.20 x 0.20 mm2 were selected as 

regions of interest (ROI).  Later, the ROI were converted into cubes of 0.2 x 0.2 x 0.2 

mm3 as volumes of interest (VOI).  Mineral density, grey scale index, and porosity 

percentage calculations were performed for each VOI. Volumes of interest were 
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selected at three points in affected enamel (i.e. inner, middle and outer enamel), 

dividing into thirds and selection of the middle of each third with the ‘measuring tool’ 

of CTAn.  The selection did not include the most outer or inner enamel voxels to 

decrease the partial volume effect, with the exception of cervical enamel.19  The 

measurements were averaged to calculate the total MD of the lesions.  Lesions with 

PEB had the remaining enamel analysed.  Other measurements were taken at two 

points in the dentine (i.e. subjacent dentine to the enamel lesion and subjacent to 

cervical enamel), at two points in the cervical enamel (i.e. at 1.5 and 2 mm from the 

cemento-enamel junction - CEJ), and at three points (i.e. inner, middle, and outer 

enamel) in control sound molar teeth (N = 2). The cervical readings were also 

averaged to calculate the total control values. Examples of the VOI selection are 

illustrated in Figure 5.1a, where the hypomineralised lesion is localised between the 

dashed black lines, red squares illustrate the selected VOI in occlusal and cervical 

enamel, yellow squares identify the VOI in dentine, and the light blue cube and light 

blue lines are a reproduction of the transformation of ROI into VOI.  The difference 

in total MD values between lesion types and the cervical CE was referred to as ∆MD 

(∆MD = total MD of lesion type – MD of cervical CE). 

QLF-D images 

The present study used the QLF-D BiluminatorTM which consists of an illumination 

tube with white and blue light-emitting diodes positioned in a ring around the lens 

opening attached to a SLR camera (model 550D Canon, Tokyo, Japan) fitted to a 

Canon EFS 60mm f/2.8 macro USM lens (Canon, Tokyo, Japan).   

Images were captured in a controlled dark room with no ambient light using the 

following settings: shutter speed 1/30 s, aperture 5.6, and international standard 

organisation (ISO) speed of 1600.  The distance between camera and sample platform 

was standardised at 10 cm.  Molars were dried for 5 s with oil-free air from a triplex 

syringe prior to image capturing.24  Images of distal, occlusal, mesial, buccal and 

lingual/palatal surfaces of all teeth were taken.  QLF-D provides white light images 

and fluorescence pictures simultaneously.  The white light images were used to 

support calibration of the examiner and diagnosis of appearance.  

Subsequently, two bespoke software programs (QA2 version 1.23 and Inspektor-

ProTM version 2.0.0.49, Inspektor Research Systems B.V., the Netherlands) were used 
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to analyse digital images on a computer.  These software programs allowed 

comparison of the mean fluorescence loss (∆F) from sound surrounding enamel 

(bright green fluorescence) to the hypomineralised enamel and expressed it in 

percentage (%).  The ∆F threshold was -5%.  The software programs calculate change 

in red fluorescence (∆R), which is represented in percentage and it is the increment 

of the ratio of the red and the green component with respect to that ratio of sound 

tissue.  The white spot analysis of QA2 was utilised to measure ∆F and ∆R.  

Colour variations in the L*a*b* colour space (CIE; International Commission on 

Illumination, Central Bureau Vienna, Austria) and the red/green colour ratio (R/G) in 

QLF-D images were analysed using Adobe Photoshop® CS4 Extended version 11.0.1 

(Adobe Systems Incorporated, San Jose, CA, USA).  The “lasso tool” was used to 

select the area of interest.  Subsequently, the colour values were subtracted from the 

values obtained from CE (i.e. ∆L*, ∆a* and ∆b* = Z (hypomineralised defect) – X 

(control enamel)).39 Similarly, the difference on R/G (∆R/G) was calculated.35 

1. A positive ∆L* indicated that Z was lighter than X.  A Negative ∆L* indicated 

that Z was darker than X. 

2. A positive ∆a* and ∆R/G indicated that Z was more red than X.  A negative 

∆a* and a negative ∆R/G indicated that Z was more green than X. 

3. A positive ∆b* indicated that Z was more yellow than X.  A negative ∆b* 

indicated that Z was more blue than X. 

Samples and QLF calibration 

A set of twenty white light and fluorescence images was re-assessed twice after a 

two-week wash-out interval.  The visual fluorescence appearance of DHL was 

compared to the original clinical categories and white light pictures to obtain inter- 

and intra-examiner agreements with Kappa scores ranging from 62.4% to 87.8% 

which are considered substantial to almost perfect agreement.40   

Statistical analysis 

Micro-CT readings (i.e. total MD, and porosity proportion), QLF parameters (i.e. ∆F 

and ∆R), ∆L*, ∆a*, ∆b*, and ∆R/G were analysed by lesion type.  Mineral density 

calculations also included dentine under the lesions compared to dentine under 

cervical CE.  Mineral density of inner, middle, and outer enamel was compared with 
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same areas of healthy enamel from control sound molars.  The percentage of gradient 

difference in MD between hypomineralised enamel and cervical CE was calculated by 

the following formula: 

 = 100 x ([total MD {CE} – total MD {affected enamel}]/[total MD {CE} + total MD 

{affected enamel}])/2. 

Minor variations in MD would be expected between different teeth and possibly 

between different surfaces within the tooth, which are unrelated to the 

hypomineralised lesions.  Also some teeth had more than one lesion category.  

Therefore, linear mixed models with surface as the unit of analysis and teeth as 

clusters were computed.  Surface and teeth were added, as one and two-level variables 

respectively, into the model of Micro-CT and QLF data to account for these 

variations.  These models expressed the mean value and the standard error (s.e.) 

between categories.  Sidak’s post hoc test was utilised for estimating relationship 

between categories.  Statistical analysis also included Pearson’s correlations, to 

estimate the relationship between QLF parameters, ∆L*, ∆a*, ∆b*, ∆R/G and Micro-

CT readings.  Sensitivity and specificity percentage were calculated with Receiver 

Operating Characteristic (ROC) curve using ∆F values from the Q2A software 

program and compared to visual examination as gold standard.  Intra-class correlation 

(ICC) was calculated with 7-day repeated ∆F values from Q2A.  Statistical software 

program SPSS v 22.0 (IBM, Armonk, NY, USA) was used for statistical analysis.  

Alpha level was set at 0.05.   

Results 

Qualitative analysis of Micro-CT 

3-D maps and models 

Three-dimensional Micro-CT maps permitted the identification of hypomineralised 

lesions located on the tooth surface.  In chromatic 3-D maps (Figure 5.1b), blue 

determines the location of the higher mineralised tissues, and yellow colour indicates 

the location of the less mineralised tissues (i.e. root cement and areas of 

hypomineralisation).  In the grey scale 3-D map (Figure 5.1c), darker colour 

demonstrates area with reduced mineral content.  The red arrows indicate the PEB 

lesion under analysis. 
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The 3-D models of the sections illustrate the presence of porosity in the body of the 

lesions.  Hypomineralised enamel had increased porosity, which became more 

noticeable with increasing severity.  This porosity extends throughout the entire 

thickness of the analysed enamel.  Cervical enamel appeared to be sound, well-

mineralised enamel with low porosity (Figure 5.1d).  

Vertical profiles and graphics  

The chromatic vertical sections of the lesion demonstrated colour and brightness 

differences throughout the entire enamel thickness in the same manner as chromatic 

3-D maps (Figure 5.1e).  The lesion under analysis was defined between the dashed 

black lines.  Red lines indicate the profile selection in the lesion and cervical areas, 

which were subsequently characterised in the line graphics (Figures 5.1f and 5.1g).  

Independent of the clinical appearance of the lesions, the chromatic appearance of 

hypomineralised lesions followed a similar distribution to the incremental lines of the 

enamel. 

The affected enamel, independent of the lesion type, showed a mineralisation line 

(profile) graphic with a distinctive irregular pattern.  A line graph of grey scale units 

(y-axis) versus lesion depth in μm (x-axis) showed a peak in relation to the outer 

enamel surface layer of lesions, followed by an irregular profile pattern through the 

entire enamel thickness, whose depth was approximately 1500 μm (Figure 5.1f).  In 

contrast, CE of cervical areas displayed a more regular profile pattern at 1 cm from 

the CEJ (Figure 5.1g).  Taking into consideration that the thickness of enamel in this 

area was nearly 500 μm, the profile peak of the grey scale units referenced to the 

outer enamel surface was also noticeable.  

Quantitative analysis of Micro-CT 

Micro-CT mineral density 

The mixed linear model demonstrated that the total MD by lesion type was 

statistically significantly different (F(1, 22.47) = 7217.49, p < 0.001).  Sidak’s test 

showed that CW lesions had the highest mean value of total MD (1.78 g/cm3, s.e. 

0.05) compared to YB lesions (1.58 g/cm3, s.e. 0.04, p = 0.01) and PEB (1.56 g/cm3, 

s.e. 0.04, p = 0.01).  However, CW demonstrated statistically lower total MD than CE 

(1.78 g/cm3 vs. 2.30g/cm3, p < 0.001).  The total MD in YB lesions did not differ 
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appreciably from PEB lesions.  The proportion of variation in total MD of affected 

enamel vs. CE ranged from 25% lower in creamy/white lesions to 38% lower in PEB 

lesions (Table 5.1).   

Similarly to the general total MD values, the mean values of ∆MD were also 

statistically different by lesion type when tested with mixed models (F(1, 21) = 5.70, 

p = 0.01). Multiple comparisons analyses demonstrated that ∆MD mean values in CW 

lesions (-0.52 g/cm3, s.e. 0.05) were statistically lower than YB (-0.72 g/cm3, s.e. 

0.04, p = 0.02) and PEB (-0.74 g/cm3, s.e. 0.05, p = 0.02).  The ∆MD mean values of 

YB were not statistically different compared to PEB values.  The medians, middle 

50% of cases and ranges of ∆MD scores are presented in Figure 5.2a. 

Mineral density measurements in subjacent dentine of the lesions compared to dentine 

under cervical CE had a statistically significant difference in the mixed model (F(1, 

22.72) = 9077.83, p < 0.001).  Mineral density of dentine under PEB (1.16 g/cm3, s.e. 

0.02) was statistically significantly lower than MD of dentine under CE (1.23 g/cm3, 

s.e. 0.01, p = 0.003) and creamy/white lesions (1.25 g/cm3, s.e. 0.02, p = 0.007).  The 

proportional variation in MD of dentine under the lesions vs. dentine under CE ranged 

from -1.6% in creamy/white lesions to 5.9% in PEB lesions (Table 5.1).  

Statistically significant differences were determined between MD mean values of 

inner enamel (F(1, 20.84) = 3845.06, p < 0.001), middle enamel (F(1, 21.69) = 

43.22.17, p < 0.001) and outer enamel (F(1, 21.22) = 2955.32, p < 0.001) when 

referenced with CE in same areas obtained from sound molars (N = 2).  The MD 

gradient from surface to DEJ in hypomineralised lesions was inverted when compared 

with sound enamel (Table 5.2).  Yellow/brown and PEB lesions showed the highest 

mean MD values in their inner enamel, whereas sound molar teeth showed the highest 

mean MD values in their outer enamel sections. 

Porosity percentage 

The proportion of total porosity in enamel was statistically distinctive by lesion type 

(F(1, 21.02) = 39.41, p < 0.001). The proportion of porosity of PEB (37.0%, s.e. 6.30) 

and YB lesions (17.5%, s.e. 5.01) was statistically significantly higher compared to 

CE (0.2%, s.e. 0.17, p = 0.001).  The proportion of porosity in dentine was 

statistically significantly different by lesion type (F(1, 18.58) = 444.89, p < 0.001).  A 
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statistically significant difference existed between YB lesions and PEB (59.2% vs. 

92.1%, p = 0.02) (Table 5.1).  

QLF parameters and colour analyses  

A white light image of the buccal surface of a mandibular first permanent molar is 

presented in Figure 5.1h.  The red arrow indicates the localisation of a 

hypomineralised lesion with PEB on the disto-buccal cusp.  The white spot analysis 

for a PEB lesion using QA2 software program is demonstrated in Figure 5.1i.  The 

blue continuous line demarcates the area of interest.  For quantification of ∆F and ∆R, 

it is imperative to include sound enamel as much as possible into the contour of the 

area of interest.37 The image identifies the core of the lesion in bright orange and dark 

grey colours along with sound enamel located peripherally.  Figure 5.1j illustrates the 

analysis of the same image using Inspektor-Pro software program.  A similar selection 

area was applied, yet the colour and extension of the lesion are represented 

differently, showing a deep purple colour and a greater extension compared to QA2.  

The QLF representative images of white, yellow, and brown lesions with their 

corresponding Micro-CT vertical sections are illustrated in Figure 5.3.  

A statistically significant difference in ∆F values was determined using QA2 data 

analysis software (F(2,21) = 94.27, p < 0.001)  and with Inspektor ProTM software 

(F(1,21) = 218.97, p < 0.001). Post-hoc tests for QA2 indicated that CW lesions 

showed higher ∆F (-1.17, s.e. 2.79) than YB lesions (-11.37, s.e. 2.06) and PEB (-

29.39, s.e. 2.58, p = 0.023 and p < 0.001, respectively) (Table 5.3).  Creamy/white 

lesions were mostly represented by zero values in QA2 data analysis software, as 

demonstrated in Figure 5.2b.   

The QLF-D sensitivity for detecting DHL was estimated as 75% in the ROC curve, 

the specificity was 91.7% compared to visual examination (Figure 5.4).  An ICC of 

0.97 was determined for ∆F using QA2 software.   

The QLF-D fluorescence analyses of YB lesions demonstrated a tendency to higher 

values of red fluorescence, which intensified in PEB lesions.  Values for ∆R differed 

depending on software used; QA2 data analysis software (F(2,21) = 54.68, p < 0.001) 

and Inspektor-ProTM (F(2,21) = 147.50, p < 0.001). Sidak’s tests demonstrated that 

statistically significant variations of ∆R between PEB (60.33, s.e. 7.13) with CW 
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lesions (3.5, s.e. 7.70, p < 0.05) and YB lesions (24.44, s.e. 5.69, p = 0.002) existed 

using Q2A software program (Table 5.3).   

The variations in the mean values of the ∆L*, ∆a*, ∆b* and ∆R/G by lesion type were 

also calculated using mixed models.  The models indicated statistically significant 

differences for ∆L* (F(1,21) = 24.85, p < 0.001), ∆a* (F(1,21) = 133.01, p < 0.001), 

∆b* (F(1,21) = 87.59, p < 0.001) and ∆R/G (F(1,21) = 65.03, p < 0.001).  

Creamy/white lesions were characterised by high ∆L* values -0.75 (s.e. 8.1), whilst 

severe PEB lesions recorded significant negative values of ∆L* (-44.35. s.e. 7.5, p = 

0.002) and the highest positives values of ∆a*, ∆b* and ∆R/G (Table 5.3).  

The final linear mixed model indicated that when lesion type (i.e. CW, YB and PEB) 

was added into the predictive model, a statistically significant association between ∆F 

and ∆MD was not present (Table 5.4).  

Pearson’s linear associations between ∆MD, QLF parameters and colour analysis, 

demonstrated that there was a statistically significant negative correlation between 

∆MD and ∆R (r = -0.49, p < 0.05), with ∆a* (r = -0.57, p < 0.001), with ∆b* (r = -

0.54, p < 0.001).  ∆R was positively correlated to ∆a* (r =0.85, p < 0.001), ∆b* (r = 

0.80, p < 0.001) and with ∆R/G (r = 0.73, p < 0.001).  ∆L* was positively correlated 

with ∆MD (r = 0.43, p < 0.05) and ∆F (r = 0.61, p < 0.001), whereas ∆R negatively 

correlated with ∆L* (r = -0.57, p < 0.001) (Table 5.5). 

Discussion 

The present laboratory study evaluated the mineralisation and fluorescence 

differences between sound enamel and hypomineralised enamel using non-destructive 

methods of Micro-CT and QLF-D, respectively.  Colour characteristics in 

fluorescence images from hypomineralised lesions of differing severity were analysed 

using the readily available Adobe Photoshop® software program. 

Micro-CT analyses 

Micro-CT methods for determining mineral density vary according to manufacturer’s 

instructions.  Nevertheless, the present methods implemented an upgraded 3-D 

protocol for Micro-CT analyses of MD in hypomineralised teeth using a 

commercially available instrument.  This protocol included qualitative and 
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quantitative analyses.19  The qualitative analyses involved 3-D maps for visualization 

of the affected tooth and 3-D models showing the porosity in lesion body.  The 

quantitative analysis was performed using 3D volumetric readings with VOI for MD 

measurements from a set of re-sliced vertical images. 

Different from previous investigations using similar equipment,15,19 the current 

methods used standard 8 mm hydroxyapatite phantoms for the calibration of mineral 

density, which is defined as the volumetric density of calcium hydroxyapatite 

expressed in g/cm3.  These phantoms were designed for human teeth mineral density 

calibration, and the literature indicates that hydroxyapatite salts in bone and enamel 

are similar in nature.41   

Similar to previous reports analysing cross-sectional images, the visual analysis of 

hypomineralised lesions in Micro-CT vertical sections confirmed that, independent of 

the clinical appearance, hypomineralised enamel follows the same distribution of the 

incremental lines of Retzius generated during tooth formation (Figure 5.le).19,42  In 

addition, the chromatic profile of the lesion extent showed that the entire thickness of 

the enamel is hypomineralised, which confirms previous studies reporting the chronic 

nature of the condition and the occurrence of an aetiological incident in the early 

maturation phase of amelogenesis.17,20,43 

The grey scale line (profile) graphics illustrated a peak in density in the outer enamel 

surface of hypomineralised defects (Figure 5.1f).  As reported previously, this effect 

may be due to two factors: (a) post-eruptive mineralisation and creation of a surface 

layer; or (b) beam hardening which may results in fictitious higher values of MD.44,45  

The latter factor can be reduced by selecting an appropriate percentage of beam 

hardening correction when reconstructing the images. For example, previous 

researchers reconstructed images from bone under similar conditions, and a 40% 

beam hardening correction was sufficient to remove the surface gradient.45  Another 

investigation utilised a 70-80% correction for MD measurements in hypomineralised 

enamel.19  Yet, these percentages were not satisfactory corrections for the present 

study images of tooth enamel, as a 100% correction had to be utilised in the 

reconstruction process of Micro-CT images. This percentage of correction was 

adjusted manually by testing the resultant images.  Standardisation of the scanning 

and reconstruction method is necessary to future exploration of dental tissues’ mineral 

density using Micro-CT.   
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Regarding the creation of a surface layer, similarly for unaffected teeth, post-eruptive 

remineralisation seemed the most plausible explanation for this surface effect, as most 

external enamel surfaces are in constant mineral and fluoride interchange with the 

surrounding oral environment; this clarification has been reported by previous 

studies.17,20,46  This mineralised surface may create a challenge for remineralisation 

treatments, as it may act as an ionic diffusion barrier.16,44  

The present study results showed that cervical MD profiles have a more regular 

pattern than hypomineralised enamel (Figure 5.1g).  Cervical enamel of 

hypomineralised teeth is rarely, if ever, affected by hypomineralisation.19,21,42,47,48  

This may be due to the reduced thickness of enamel in cervical areas, which mean the 

ameloblasts may be less susceptible to stress during amelogenesis, although this 

theory needs to be tested.  Thus, the presented methods used cervical enamel with 

normal appearance of hypomineralised teeth as control enamel for analysis. 

In the present findings, MD gradient in hypomineralised lesions were abnormal for 

both enamel and dentine.  Dentine beneath the lesions showed reduced MD, 

especially below PEB.  Dentine was also less porous underneath YB lesions.  

However, this difference was only statistically significant when compared with PEB 

(59% vs. 92%).  Without specifying the type of lesions, past reports have found no 

morphological changes in the dentine under hypomineralised lesions using PLM and 

SEM.49,50  Possibly, observed porosity changes are secondary to the action of bacteria, 

and broken enamel might act as a suitable niche to facilitate their development.  

Nevertheless, it is likely that these changes in the dentine have a developmental origin 

and the aetiology has yet to be determined.50 

In normal enamel there is higher gradient of increasing mineral content from the DEJ 

to the external enamel surface.51,52 Results from the present study suggested that the 

MD gradient of hypomineralised lesions is reversed when compared to sound enamel.  

Additionally, average MD values of enamel in hypomineralised lesions were lower 

than those for the control enamel, with similar values reported in previous 

investigations.17,19  Yet, the present study also explored the MD of remaining enamel 

of PEB lesions, with the mixed model confirming that clinical appearance predicts the 

MD values, as CW lesions have higher MD than YB and PEB.15 Interestingly, the 

model showed no statistically significant differences in average MD values between 
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enamel from YB and PEB.  These results support the fact that YB opacities have 

higher risk of developing PEB.53   

In creamy/white lesions the MD was significantly lower than in control enamel.  

Although this is consistent with previously reported results in permanent teeth, MD 

values for white/creamy lesions were lower than for other studies.15   The analytical 

methods could have influenced these results.  The volumetric measures of MD based 

on a vertical selection of images may have included voxels that were probably 

overlooked in previous investigations based on cross-sectional images 

exclusively.15,19  

The analysis demonstrated that Micro-CT detects the porosity existing in the body of 

hypomineralised lesions, which reached an average of 21% greater than the CE.  This 

porosity may be caused by voids in the rod peripheries identified in hypomineralised 

enamel,18,47 with loose and less organised enamel crystals.54  In addition, defects with 

darker colour had higher proportional porosity.6,42  Similar differences in porosity has 

been reported by using PLM.16,42 The Micro-CT 3-D models may graphically 

illustrate the effect of treatment interventions over the porous core of hypomineralised 

defects.  In other words, if remineralising therapies are effective, the reduction of 

enamel porosity could be observed along with an increment in the mineral content at 

different times, as shown in the outer zones of hypomineralised lesions.16 

QLF analyses 

Via the changes in fluorescence, QLF methods are able to quantify, as a surrogate 

measure, mineral changes of enamel.26  According to results from the present study, 

QLF-D systems can be a useful method to detect hypomineralised lesions of differing 

severities. 

Creamy/white lesions had higher ∆F values than YB and PEB lesions.  However, the 

∆F values of CW lesions were mostly zero when calculated with QA2 data analysis 

software program of QLF-D.  In contrast, using the Inspektor Pro software program, 

the mean ∆F values of creamy/white lesions reached -8.0, which is apparently due to 

the higher sensibility of the Inspektor Pro to quantify variations in the surface than in 

the subsurface of enamel.30  Thus, It could be presumed that the variations between 

the ∆F mean values were due to the differences in the software programs.55  Visually, 

CW lesions detected with QLF-D seemed to be brighter than surrounding sound 
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enamel under fluorescence light, and they possibly had a ∆F lower than the threshold 

of 5%.  However, these changes were demonstrated by the higher ∆L* mean values 

quantified in the image analyses.  The brightness could be due to the presence of 

organic content with fluorescent properties.56  Still, this seems more related to the 

disorganisation of the enamel crystals than organic content, as little albumin has been 

reported in white hypomineralised lesions.56,57  The present investigation did not 

explore the micro-structure of the lesions, and only categorised the lesions by clinical 

visualisation.  As carious lesions and hypomineralised defects are histologically and 

aetiologically distinct conditions, the QLF-D QA2 data analysis software technology, 

which quantifies changes more precisely, could be useful for further investigation of 

the difference between incipient carious lesions and DDE. 

The statistical models expressed that the clinical presentation of DHL determined the 

mean values in ∆F.  Therefore, higher values of fluorescence loss could be associated 

with clinical perception of increased severity in hypomineralised lesions.  However, 

the regression model showing that more severe lesions, with lower ∆F values, would 

tend to have a negative ∆MD was not statistically significant (Table 5.4).  Therefore, 

further investigation may include an increased number of specimens to test the 

reliability of the present results or test QLF-D methods against other laboratory 

techniques, such as proteomic analyses or TMR. 

Interestingly, the red fluorescence emitted by hypomineralised defects led to 

differences in ∆R, ∆a* and ∆R/G values compared to sound enamel.  These 

parameters were also highly correlated.  This effect could be due to the fact that QLF-

D system and QA2 data analysis software provide more clear information about 

bacterial activity in the enamel surface.35  Putatively, this information is obtained via 

red fluorescence emitted by endogenous porphyrins produced by oral bacteria.36,58  

Most of hypomineralised lesions in the present study emitted some red fluorescence; 

as expected, the higher mean values were from PEB, where it is assumed that oral 

bacteria have colonised the broken enamel.  This fluorescence could be related to 

bacterial penetration as far as the dentinal tubules under clinically-intact 

hypomineralised lesions.38 Microscopically, the hypomineralised enamel pore size is 

sufficient to allow bacteria to penetrate through enamel with the porosity being 

confluent.44  The present study’s findings demonstrated porosity in all lesion types 

ranging from 12% in creamy/white lesions to 37% in PEB lesions. 
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As in the case of carious lesions,34 it is possible that QLF parameters and image 

analyses might be helpful in identifying those YB lesions that progress to PEB or 

not.53  Prospective clinical research to test this hypothesis is recommended and could 

also explore the effects of remineralising agents on DHL.  Recently, a non-destructive 

diagnostic method using infrared laser was tested on hypomineralised lesions, 

hypothesising its benefits for longitudinal assessment of lesions and treatments.59  

Nevertheless, the possibility of using that system in the dental clinical setting is 

speculative.  To the contrary, light-induced fluorescence evaluators have been 

developed for routine utilisation in dental practice, although their validity and 

reliability require further exploration.  

Sensitivity of QLF-D for detecting DHL is 75%.  This was determined by the number 

of samples which had a ∆F values of zero values (Figure 5.2b).  The sensitivity of 

QLF-D for detecting hypomineralised lesion is lower than for detecting WSL.25,39  

Nevertheless, all hypomineralised lesions were visually detected in QLF-D 

fluorescence images.  An ICC greater than 0.9 was determined for ∆F, which is higher 

than previous reports.25  Improvements of the QLF technology with the development 

of QLF-D with better-resolution images possibly enhances the repeatability of 

identifying the lesions. 

Non-destructive diagnostic methods have great potential for further laboratory and 

clinical research of hypomineralised lesions of enamel.  They may reduce the sample 

numbers required and trial duration when assessing the efficacy of mineralisation 

agents in in vivo and in vitro studies.  Three-dimensional models created by Micro-CT 

add valuable visual information about hypomineralised enamel; for instance, porosity 

and volumetric MD measurements, which have not been reported previously.   

Conclusion 

The clinical presentation of DHL was associated with QLF-D fluorescence change 

and Micro-CT derived MD independently.  QLF-D is a useful method for detecting 

DHL of differing clinical appearance.  Visually diagnosed severe DHL expressing 

low ∆F values were not represented by decreased MD.  Thus, more research is 

necessary to assess the utility of QLF-D to determine mineral changes in 

hypomineralised teeth.  Red fluorescence is putatively related to the clinical 
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manifestation of hypomineralised lesions, and further exploration of this optical 

characteristic is recommended. 
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Tables Chapter 5 

Table 5.1. Micro-CT MD measurements and porosity calculations in enamel and dentine by lesion type

Lesion type (N) 
Total MD in enamel 

g/cm3 (s.e.)* 

Gradient difference 

(%) in MD in DHL 

compared to cervical 

CE 

Total porosity (%) 

enamel (s.e.)* 

Total MD dentine 

in g/cm3 (s.e.)* 

Gradient difference 

(%) in MD in 

dentine under DHL 

compared to 

dentine under 

cervical CE (%) 

Total porosity (%) 

dentine (s.e.)* 

CW (6) 1.78 (0.05)a,b,c 25 11.85 (6.80) 1.25 (0.02)a -1.61 70.14 (14.6) 

YB (11) 1.58 (0.04)b 37 17.46 (5.01)b 1.21 (0.02) 1.61 59.17 (18.7)a 

PEB (7) 1.56 (0.04)c 38 37.02 (6.30)c 1.16 (0.02)a,b 5.9 92.12 (7.60)a 

CE (24) 2.30 (0.2)a,b,c ^ 0.20 (0.17)b,c 1.23 (0.01)b ^ 74.46 (18.3) 

*Mixed model indicated statistical significance at p < 0.001. Identical superscripts in columns indicate statistical significance, as tested by Sidak’s post-hoc tests (p < 0.05). CE, control cervical enamel; CW, 

creamy/white hypomineralised;  MD, mineral density; PEB, post-eruptive enamel breakdown; s.e., standard error; YB, yellow/brown hypomineralised; ^, reference category. 
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Table 5.2. Mineral density in inner, middle and outer hypomineralised enamel compared to control enamel from sound molar teeth. 

 

 

 

 

 

 

 

 

Lesion type (N) MD in g/cm3 outer enamel (s.e.)* MD in g/cm3 middle enamel (s.e.)* MD in g/cm3 inner enamel (s.e.)* 

CW (6) 1.81 (0.08)a 1.83 (0.05)a 1.82 (0.06)a 

YB (11) 1.53 (0.06)b 1.54 (0.04)a,b 1.59 (0.05)a 

PEB (7) 1.43 (0.07)a,c 1.61 (0.05)a,c 1.67 (0.05)b 

CE (24) 2.31 (0.02)a,b,c 2.14 (0.02)a,b,c 2.00 (0.02)a,b 

*Mixed model indicated statistical significance at P < 0.001. Identical superscripts in columns indicate statistical significance, as tested by Sidak’s post-hoc tests (P < 0.05). CE, control enamel sound molar teeth; CW, 

creamy/white hypomineralised; MD, mineral density; PEB, post-eruptive enamel breakdown; s.e., standard error; YB, yellow/brown hypomineralised. 
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Table 5.3. QLF parameters and colour variations by lesion type. 

 

Lesion type 

(N) 

QA2 ∆F  

(s.e.)^ 

Inspektor-Pro 

∆F  (s.e.)^ 

QA2 ∆R  

(s.e.)^ 

Inspektor-Pro 

∆R (s.e.)* 

∆L* (s.e.)^ ∆a* (s.e.)^ ∆b* (s.e.)^ ∆R/G (s.e.)^  

CW (6) -1.21 (2.80) a -8.00 (2.10) a 3.52 (7.70) a 17.95 (7.70) a -0.75 (8.10) a 2.04 (2.40) a 0.90 (1.50) a 0.14 (0.08)a 

YB (11) -11.42 (2.10) a -14.07 (1.50) b 24.44 (5.70) b 36.37 (5.70) b -16.69 (5.90) b 13.05 (1.80) a,b 7.32 (1.10) a, b 0.22 (0.06)b 

PEB (7) -29.41 (2.60) a -25.3 (1.90) a,b 60.33 (7.10) a,b 90.53 (7.10) a,b -44.35 (7.50) a,b 28.52 (2.03) a,b 13.18 (1.40) a,b 0.60 (0.07)a,b 

CW, creamy/white hypomineralised lesions. YB, yellow/brown hypomineralised lesions. PEB, post-eruptive enamel breakdown.  

Variables: F, change in fluorescence.  R, red fluorescence. ∆L, difference in L* levels. ∆a*, difference in a* levels.  ∆b*, difference in b* levels. ∆R/G, difference in red/green ratios. 

(s.e.) standard error. 

^ Mixed model indicated statistical significance at p < 0.001. 
Identical superscripts indicate statistical significance as tested by Sidak’s post hoc tests (p < 0.05) 
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Table 5.4. Relationship of ΔMD reading with ΔF and lesion type with mixed model. 

Enamel MD as dependent Variable 

  Parameter 

Estimate 

(s.e.) P value 95% CI 

F  0.001 0.004 0.81 -0.008 – 0.01 

Lesion Type CW 0.19 0.14 0.20 -0.11 – 0.48 

 YB -0.05 0.10 0.95 -0.20 – 0.19 

 PEB ^ ^ ^ ^ 
MD mineral density (MD of lesion type – MD of cervical control enamel), (S.E) standard error, F change in fluorescence. CW, 

creamy/white hypomineralised lesions. YB, yellow/brown hypomineralised lesions, PEB, post-eruptive enamel breakdown. 

^Reference category 

 

Table 5.5. Correlation matrix between ∆MD, QLF and colour variables. 

 

 

 

 

 

 

 

Study variables ∆F ∆R ∆L* ∆a* ∆b* ∆R/G 

∆MD 0.40 -0.49^ 0.43^ -0.57^^ -0.54^^ -0.40 

∆F 1 -0.91^^ 0.61^^ -0.79^^ -0.73^^ -0.64^^ 

R  1 -0.57^^ 0.85^^ 0.80^^ 0.73^^ 

∆L*   1 -0.56^^ -0.31 -0.29 

∆a*    1 0.94^^ 0.84^^ 

∆b*     1 0.85^^ 
^p<0.05, ^^p<0.001 with Pearson’s correlations. 

∆F, change in fluorescence. R, red fluorescence. ∆L, difference in L* levels. ∆a*,  difference in a* levels. ∆b*, difference in b* levels. ∆R/G,  difference in red/green ratios. 
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Figures Chapter 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1. Representative images of Micro-CT and QLF-D analyses. (a) Vertical 

grey scale section of post-eruptive enamel breakdown (PEB) lesion generated by CT-

An with a reproduction of the transformation of the regions of interest into volumes of 

interest. (b) Color 3-D map of PEB lesion generated by CTAn. (c) Grey scale 3-D 

map of PEB lesion generated by CTAn. (d) 3-D model of a PEB lesion generated by 

CTVol. (e) Chromatic vertical section of a PEB lesion generated by CTAn. (f) Profile 

line graph of affected enamel.* (g) Profile line graph of sound cervical enamel.* (h) 

White-light image of a PEB lesion in the buccal surface of a mandibular first 

permanent molar captured with QLF-D. (i) White spot analysis with the Q2A 

software program in a fluorescent image of a PEB lesion. (j) White spot analysis with 

Inspektor-Pro software program in a florescent image of a PEB lesion. *X-axis of 

profile plots differs because of enamel thickness. 

*x-axis of profile plots differs because of enamel thickness. 

         Volume of Interest (VOI) in enamel          Volume of Interest (VOI) in Dentine 

                    Lesion boundaries                     Profile Line 
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Figure 5.2. (a) Box plots for MD (b) Box plots for change of fluorescence (F). 

Differences were statistically significant between lesion types for MD and F. 

Medians, middle 50% of cases, and ranges of scores are presented by lines, boxes and 

whiskers, respectively. Circles represent outliers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3. Other types of demarcated hypomineralised lesions of enamel and their 

corresponding quantitative light-induced fluorescence–digital images and Micro-CT 

vertical sections. (a) White-light image of a yellow lesion; (b) fluorescence images of 

a yellow lesion; (c) chromatic vertical micro-CT section of a yellow lesion; (d) white-

light image of a brown lesion; (e) fluorescence images of a brown lesion; (f) 

chromatic vertical micro-CT section of a brown lesion; (g) white-light image of a 

white lesion; (h) fluorescence images of a white lesion; (i) chromatic vertical micro-

CT section of a white lesion. Red arrow indicates lesion under analysis. 
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Figure 5.4. Receiver Operating Curve (ROC) for QLF-D detection of DHL.  

Sensitivity is 0.75 and 1-Specifity is 0.083. 

 

 

 

 

 

 

 

 



 

 299 

 

 

 

 

 

 

Chapter 6 - Colour analysis of hypomineralised 

lesions using intraoral fluorescence photography 
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Introduction 

Demarcated hypomineralised lesions of enamel are common developmental dental 

defects affecting approximately 1 of 6 children around the world.1  Despite the vast 

amount of research, the apparent cause for these defects remains unclear.2-4  Recently, 

published reports support the multifactorial nature of the aetiology of this condition, 

with early childhood illnesses as the most accepted causative factor along with a 

genetic tendency.4  

Hypomineralised enamel exhibits increased porosity and decreased mechanical 

properties due to its high protein content.5-11  These features predispose severely 

affected enamel to sudden and rapid carious lesion development in high-caries risk 

individuals, facilitate breakdown shortly after tooth eruption and compromise the 

outcome of restorative treatments.12  Thus, children affected with severe DHL require 

constant dental supervision, repeated dental interventions and referral to specialists 

for further management.13-15  At present, visual appearance is the only indicator that 

could be used to identify treatment needs and prognosis of these defects.  

There is general consensus that white/creamy lesions are at lower risk of developing 

PEB compared to yellow or brown lesions.16-18  However, it has been reported in 

epidemiological studies that CW lesions may also progress to PEB, especially in 

individuals with high caries-risk.19  Therefore, more predictable, reliable and 

biocompatible diagnostic methods that can aid the clinical judgement should be 

investigated.  

The presence of bacteria in dentinal tubules and associated inflammatory response 

within the pulp has been associated with intact DHL.20,21  Early diagnosis facilitates 

appropriate management and care of children affected with DHL, which can decrease 

the psychological, biological and financial impacts of extensive and repetitive 

restorative actions.1,13,22 

An opportunity to detect the hypomineralised enamel prior to breakdown occurring is 

important.  Alterations in the affected enamel can be explored by assessing the 

changes in the optical characteristics of the dental tissues as is possible with carious 

lesions.23  One of these properties is the fluorescence emission produced by specific 

light or laser wavelengths.24  Variation in the fluorescence of demineralised enamel 

has been explored by few methods, including laser- and light-induced fluorescence.25-
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28  At the present time, laser-induced fluorescence is the only method that has been 

tested in vitro on hypomineralised lesions.16,29  Findings indicated that laser 

fluorescence differentiates DHL, yet the methods have not been validated in vivo and 

should be used in conjunction with clinical visualisation and other measurements of 

severity.16,29  

In Chapter 5, quantitative light-induced fluorescence and its parameters were 

described and associated with MD and type of lesion.  Colour dimensions (L*a*b* 

colour space, CIE: International Commission on Illumination, Vienna, Austria) 

calculated by Adobe Photoshop CC®, demonstrated a significant relationship with 

fluorescence loss in hypomineralised lesions.  The results were laboratory-based and 

further in vivo exploration was recommended.  Nevertheless, it is imperative to 

investigate the use of a more affordable method that could possibly detect DHL in a 

clinical setting.  

The sensitivity and specificity of digital photography and intraoral photography as 

convenient methods to identify DHL has been reported to be satisfactory.30,31  The 

inter- and intra-examiner reliability of intraoral photography has been rated from good 

to excellent.31  Notwithstanding the fact that only one author has reported intraoral 

imaging of DHL in the primary dentition, the combination of fluorescence techniques 

and intraoral images could be a suitable and a less invasive system to evaluate 

hypomineralised lesions in all teeth.  

For these reasons, a light-induced fluorescence intraoral camera (SOPROlife®; 

Acteon Group, La Ciotat, France) in company with easily accessible software for 

image analysis (Adobe Photoshop®, Adobe Systems Inc., CA, USA) was selected for 

the present study.  As detailed in Chapter 2, the camera has two groups of four light-

emitting diodes (LED) that can illuminate tooth surfaces in white or blue light mode 

(wavelength of 450 nm with a bandwidth of 20 nm, centred at ± 10 nm around the 

excitation wavelength).32  Images are provided in two formats: a) white light (WL) 

images (anatomical), and b) superimposed fluorescence (FL) images of the tooth 

surface using diagnostic mode (Mode I).  According to the manufacturer’s 

instructions, the colour of the fluorescence emission varies from green when the 

dentine is healthy to dark red when the dentine is affected by demineralisation.33 

The aim of this study was to determine the difference in the colour dimensions of 
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DHL in FL and WL images.  A secondary aim was to calculate the level of agreement 

between WL and FL images. 

Materials and methods 

Photographs were captured using an intraoral camera during a clinical study 

investigating the prevalence of DHL amongst schoolchildren (Chapter 4).  Patients 

were de-identified and data associated with numeric/alphabetical codes.  The protocol 

was approved by HREC of UoM (# 1340244; 4th of June 2015, Appendix 4.3).   

Clinical examination 

A single examiner (KG) was calibrated in the diagnosis of DHL using a recently 

published index derived from the EAPD index.12,34  Teeth exhibiting DHL larger than 

2 mm in diameter were included in the present sample.  Images of teeth with atypical 

carious lesions, deficient resolution (blurry images) and large flash refection areas 

(more than 1/3 of the surface analysed) may confound or interfere with the analysis; 

therefore, they were excluded from the sample (Appendix 6.1).  

Intraoral photography 

The SOPROlife® intraoral camera (Figure 2.6) was isolated from the oral fluids by a 

disposable plastic protective sleeve.  After each patient, the surface of the camera was 

cleaned using disinfecting wipes.  

Two positions, corresponding to the main dental camera, were adjusted and the 

camera was placed as close as possible to the targeted tooth: 

• Extra-oral (portrait) for anterior teeth   

• Intraoral (1 to 5 teeth) for posterior teeth 

The fluorescence images were captured in Mode I (diagnostic mode).  A convenient 

sample of eighty-one images of hypomineralised teeth of 65 patients was selected.  

The selected images (N = 81 for each method) were retrieved and stored in .bmp 

format in a password protected laptop computer.  The photographs were categorised 

by patient code using SOPROimaging® 1.01 software program for Mac (Acteon 

Group, La Ciotat, France).  No modifications were made to the images.  White light 

images were assessed and scored by the student researcher (KG).  The scores were 

compared twice, within a 2-week interval, to the initial visual diagnosis of the lesions 
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obtained during the clinical study, as a reliability exercise.  Reliability coefficients 

ranged from 81.0% to 93.8% indicating almost perfect agreement.35  Later, similar to 

the categorisation presented in Chapter 5, the images were divided into groups 

according to the severity of the DHL: CW lesions (N = 35), YB lesions (N = 23) and 

lesions with PEB (N = 23).  

Image analyses 

Images were analysed using Adobe Photoshop CC® 2015.1.2 (Adobe Systems Inc., 

CA, USA), a newly developed monthly-paid online platform.  In daylight conditions 

images were projected onto a 20.1-inch DELL (Dell Inc., TX, USA) LCD monitor 

with a resolution setting of 1600 x 1200 at 60 Hz. Images were fitted to the screen and 

they were not modified or improved.  The regions of interest were defined in both 

types of images, following similar methods developed at Melbourne Dental School, 

UoM.36 

a) An individual tooth surface.  The magnetic lasso tool was used to outline the 

affected surface.  To improve imperfections in the selection the free hand lasso 

tool was adjusted (Figures 6.1a and 6.1b). 

b) The hypomineralised lesion.  The free hand lasso tool was used to select the 

outline of the hypomineralised lesions (Figure 6.1c and 6.1d). 

c) The individual tooth surface without the hypomineralised lesion.  The outline 

of the tooth surface (a) and deselecting the delimited hypomineralised lesions 

(b) by holding down the Command key for Mac users (Figure 6.1e and 6.1f).  

d) Areas of flash reflection were removed and deselected using free hand lasso 

tool and Command key (Figure 6.1g and 6.1h).  Other methods for shading the 

flash reflection were not selected, as it has been reported that the final results 

do not show the natural changes of enamel colour across the tooth surface, 

which may affect the final values of the colour analyses.36 

 

L*a*b* levels  

Adobe Photoshop CC® can provide the profiles in L*a*b* levels.  The histograms 

deliver statistical and graphic information for these profiles.  

Colour variations in the L*a*b* colour space (CIE; International Commission on 

Illumination, Vienna, Austria) have been used historically for evaluation of colour 

changes during whitening treatments.37  The level L* represents the lightness or 

luminosity of the colour on an achromatic channel (grey scale index).  Level a* 

represents red to green and the b* level represents yellow to blue.38  
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Difference in L*a*b* levels (i.e. ΔL*, Δa* and Δb*) 

The difference (Δ) between the L*a*b* levels of the selected regions of interest in 

white light and fluorescence images was calculated as follows:36  

z (hypomineralised lesion with flash deselected) – x (individual tooth surface selected 

with flash and lesion deselected) 

1. A positive ∆L* indicated that z was lighter than x.  A Negative ∆L* indicated 

that z was darker than x. 

2. A positive ∆a* indicated that z was more red than x.  A negative ∆a* indicated 

that z was more green than x. 

3. A positive ∆b* indicated that z was more yellow than x.  A negative ∆b* 

indicated that z was more blue than x.  

Statistical analysis 

Data was entered into a spreadsheet (Microsoft Excel 2011, Microsoft Corporation, 

WA, USA) and exported to SPSS statistical software program version 22 (IBM, NY, 

USA).  

Two assessments of the L*a*b* levels for the lesions and for the surface enamel 

within a two-week interval were made [i.e. Time 1 (T1) and Time 2 (T2)].  Intra-class 

correlations (ICC) were used to assess the reliability of these observations.39  

Bland and Altman plots were computed to demonstrate reproducibility of agreement 

of ∆L*, ∆a* and ∆b* values calculated at T1 and T2 using WL and FL images.  The 

difference (T1 - T2) and the mean values of both measures [(T1 + T2)/2] were 

necessary to construct these plots.  A linear regression model was performed for each 

plot including the difference (T1 – T2) as dependent variable and the mean of the 

measures [(T1 + T2)/2] as independent variable.  These models and the plots were 

useful to confirm the presence or absence of proportional bias and the level of 

agreement.40 

Exploration of the data indicated that the normality assumptions were met, but the 

observations were not independent.  A total of 81 images of teeth with a single lesion 

were analysed.  These teeth derived from 65 patients, as some patients had more than 

one tooth affected.  Therefore, linear mixed models with tooth as the unit of analysis 

and patients as clusters were included in the analysis.  Teeth and patients were added 

as one and two-level variables, respectively.  These models were computed to 



 

 305 

determine the difference in ∆L*, ∆a* and ∆b* mean value and standard error (s.e.) 

according to lesion type, for WL and FL images, separately.  Sidak’s post hoc tests 

were used to determine the statistical differences between lesion types.    

Final linear mixed models for ∆L*, ∆a* and ∆b* in FL images as dependent variables 

and ∆L*, ∆a* and ∆b* from WL images and lesion type as independent factors were 

computed to assess the relationship between the methods.  

Results 

Intra-class correlation 

The ICC values for L*a*b* colour dimensions obtained at T1 and T2 with WL and 

FL images are presented in Table 6.1.  Most of the values were higher than 0.9 when 

identifying the lesions, which indicated an elevated reliability.  Reliability coefficient 

value corresponding to a* (alpha = 0.44) of the individual tooth with flash and lesion 

deselected was described as fair agreement in FL images.39  

Reproducibility with Bland and Altman Plots 

The limits of agreements for ∆L* in T1 and T2 in WL images were narrower (-6.29 to 

5.63) than ∆L* limits from FL images (-9.04 to 10.16).  The mean value of the bias 

was also closer to zero in WL images compared to FL images (-0.33 vs. 0.56).  The 

outliers of the mean remained the same for both methods (Figure 6.2 and 6.3).  The 

regression coefficient of the plots was t = 1.250, p = 0.215 for WL images and t = 

0.412, p = 0.68 for FL images.  These results confirmed a good level of agreement 

and absence of proportional bias of ∆L* calculation between both methods. 

The plot graphs for ∆a* demonstrated that the level of agreement for WL images is 

narrow (-3.84 to 2.35) and the mean value was close to zero (-0.75).  The regression 

coefficient was t = 0.59, p = 0.552 (Figure 6.4).  These findings confirmed a good 

level of agreement for ∆a* in WL images between T1 and T2.  On the other hand, the 

limits of agreement for FL images ranged from -20.85 to 24.07 and the mean value of 

the bias was 1.61.  Thus, there was lack of agreement between T1 and T2 for ∆a* in 

FL images, which was also confirmed by the regression coefficient (t = -6.65, p < 

0.001) (Figure 6.5).  As expected, location of the values were opposite in FL (below 
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the mean) compared to WL (above the mean), confirming that that green values are 

observed in FL images. 

Good level of agreement was determined in ∆b* between WL and FL images (Figure 

6.6 and 6.7).  Nevertheless, the limits of agreement corresponding to WL were 

narrower (-1.34 to 1.74) compared to FL images (-4.59 to 4.76).  Regression 

coefficients were t = 1.69, p = 0.10 and t = 1.10, p = 0.28 for WL and FL, 

respectively, demonstrating that there was little proportional bias in ∆b* for both 

methods.  

∆L*, ∆a* and ∆b* according to lesion types 

For WL images the mixed models indicated variations between lesion types in all 

colour dimensions (Table 6.2).  For instance, the differences in ∆L* by lesion type 

were statistically significant (F(1, 79.88) = 12.03, p < 0.001).  The Sidak’s test 

demonstrated that CW lesions had a higher ∆L* mean value (20.76, s.e. 2.56) 

compared to YB (3.03, s.e. 3.03, p = 0.003) and PEB (2.33, s.e. 3.2, p < 0.001).  

Similar results were determined for ∆a* (F(1, 71.68) = 36.31, p < 0.001), where post 

hoc analysis indicated that CW lesions had statistically negative ∆a* mean values (-

3.27, s.e. 0.39) compared with YB (0.92, s.e. 0.47, p < 0.001) and PEB (1.13, s.e. 

0.49, p < 0.001).  The mixed model for ∆b* by lesion type was also statistically 

significant (F(1, 78.82) = 55.48, p < 0.001) and multiple comparison analyses denoted 

that CW lesions also had lower negative ∆b* mean values (-1.83, s.e. 0.52) than YB 

(5.13, s.e. 0.61, p < 0.001) and PEB (5.24, s.e. 0.64, p < 0.001).  Post hoc tests 

indicated that ∆L* (p = 0.51), ∆a* (p = 0.98) and ∆b* (p = 0.99) values in YB 

demarcated lesions did not demonstrate statistical differences when compared to PEB. 

For FL images, the mixed model indicated that the difference in ∆L* values were 

statistically significant between lesion types (F(1,75.32) = 28.22, p < 0.001) and post 

hoc analysis determined that CW lesions had higher mean values for ∆L*  (21.42, s.e. 

2.78) than YB (-3.36, s.e. 3.24, p < 0.001) and PEB (-6.69, s.e. 3.24, p < 0.001).  The 

∆L* values in YB lesions were not statistically different to PEB (p = 0.83).  The 

model for ∆a* by lesion type was not significant (F(1,68.71) = 2.77,  p = 0.07).   The 

variation in the ∆b* levels according to lesion type was also statistically significant 

(F(1,78.66) = 78.66,  p < 0.001).  Sidak’s test confirmed that CW lesions had a lower 

mean value for ∆b* (-4.22, s.e. 1.59) when related to YB (9.28, s.e. 1.91, p < 0.001) 
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and PEB lesion (6.35, s.e. 1.9 7, p < 0.001).  The differences between YB and PEB 

lesions were not statistically significant (p = 0.63) (Table 6.2). 

Association between methods 

The linear mixed model demonstrated that ∆L* calculated in WL images and lesion 

type statistically predicted ∆L* calculated in FL images (F(1, 72.23) = 13.73, p < 

0.001). An increment in ∆L* in anatomical images (p < 0.001) and CW lesions (p < 

0.001) positively predicted higher ∆L* in fluorescence images (Table 6.3).   

The model for WL images and lesion types predicting ∆a* in FL images was 

marginally significant (F(1, 63.08) = 3.36, p < 0.04), but no significant predictors 

were found (Table 6.4).  The mixed model for ∆b* in FL images by lesion type and 

WL value was not statistically significant (F(1, 69.10) = 1.33, p = 0.27) (Table 6.5). 

Discussion 

In the present study the colour dimensions of hypomineralised lesions using intraoral 

WL and FL images were investigated.  The sensitivity and reliability of images 

captured with intraoral cameras in detection of enamel defects in primary teeth has 

been reported in only one previous study.31  Other investigations have used SLR 

cameras involving front teeth exclusively.30,41,42  Therefore, limited evidence is 

present in the literature reporting the diagnostic accuracy of in vivo image analyses in 

hypomineralised defects of enamel.43  

White light images 

The use of intraoral cameras has brought many advantages for epidemiological 

studies, such as decreased examiner bias, ‘off-site’ diagnosis and easy storage of 

multiple images.44  Intraoral cameras may also have some limitations when compared 

with SLR cameras, for instance, unbalanced light reflection, problematic 

standardisation, and reduced quality of images.45  These limitations are very common 

in a clinical situation, but when uncontrolled, they may increase false positives 

readings.46,47  The resolution of photographs of DHL captured by an intraoral camera 

in a previous study consisted of 640 x 580 pixels, which is considerable lower than 

current SLR cameras (e.g. 1012 x 1524 pixels).31,45  Lower resolution may lead to 

pixilation of the image after magnification, which may affect the validity of 
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visualisation and assessment of the lesions.48  In the present study, WL images were 

fitted to the screen for further analysis with no standardised magnification, as the 

form of visualisation of the images has been found to have little influence on the 

assessment of the carious lesions.49
  Nevertheless, it was noteworthy that excessive 

magnification (over 300% magnification level) caused blurred images affecting the 

clear boundaries of the lesions or the tooth surface, which may increase the possibility 

of error when contouring the area of interest for analysis.  Image quality, with 

minimum reflection and blurriness, is a relevant step in the analysis protocol to keep 

good validity and reliability values.46,47  The magnification of the images could also 

be a helpful factor in improving the detection of developmental defects, as some 

defects could have been overlooked during clinical examination, and consequently 

higher prevalence rates have been reported when using magnified SLR camera-

captured photographs compared with visual examination.30,41,50,51  

The SOPROlife® and Sopro 717 intraoral cameras have increased resolution of 752 x 

582 pixels and have reported good reliability values in image analysis of initial 

carious lesions.44,52  The present study findings support the utility of intraoral WL 

images in detection of DHL, as the random error expressed by ICC was low between 

the L*a*b* measures ranging from 0.975 – 0.996 either for the lesions or for 

detecting sound enamel (Table 6.1).  An excellent level of agreement was reported 

previously in measures of areas in enamel affected by hypoplastic and opaque defects 

using image anaylsis.53  The ICC reported (0.99) was slightly higher than in the 

present study, probably due to the fact that the standardised images from smooth 

surfaces of extracted teeth were captured with a SLR digital camera in the mentioned 

study, and therefore had higher resolution.   

The convex shape of the tooth surface can create large areas of light reflection.54  The 

presence of flash reflection has been demonstrated to be a confounding factor when 

diagnosing WSL of enamel.47,55  The amount of light or flash reflection in images 

from intraoral cameras is difficult to control and may alter the colour tone of the 

resulting images.31  However, when analysed, the colour tone did not seem to have 

affected the diagnosis of hypomineralised defects in the primary dentition.31  In the 

present study, flash reflection areas in the images were deselected from the analyses, 

which was particularly problematic in images from occlusal surfaces.  Capturing a 

higher number of images at different angles to obtain better-quality images was not 
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possible, as the present study was an epidemiological investigation on DHL and the 

time available for complete dental examinations was limited.30,44  Nevertheless, 

pictures with excessive light reflection (more than 1/3 of the surface analysed) were 

excluded from the analyses (Appendix 6.1).  In a past study, authors successfully 

captured intraoral photographs of enamel defects using cross-polarised photography.56  

In future studies, this cross-polarised technique can enhance the quality of the images, 

minimise light reflection and improve the appreciation of the defects’ details.  

The reliability scores in regard to lightness (L*) were higher compared to previous 

findings, where quantification of luminosity in white demarcated opacities resulted in 

an ICC of 0.76 using SLR photography.55  This difference may be due to the 

manipulation and transformation of images into grey scale.  These steps were not 

necessary in the present study as Adobe Photoshop CC® instantly provides the 

average level of lightness of a selected area.  The obtained values of lightness were 

comparable with the grey values for WSL in other investigations using grey scale 

transformed images.46,47  Corresponding ICC coefficients for lightness were also 

demonstrated in WSL using digital SLR cameras.36  

The Bland and Altman plots in WL images illustrated a narrow limit of agreement for 

∆L*, ∆a* and ∆b*, indicating good levels of reproducibility between the measures.  

This information has not been reported previously for DHL.  In accordance with 

lightness analyses of WSL, the limits of agreements for grey values were reported to 

be -10.85 - +7.42 and for L* values were -3.69 - +3.63.36,46  In the present study the 

limits of agreement for ∆L* were also narrow, ranging from -6.29 to +5.63.  The 

values for ∆a* and ∆b* were repeatable for DHL, the same as for WSL analyses.36 

It is reasonable to assume that if the severity of DHL has been mainly categorised by 

their colour-based clinical presentation, the quantification of changes in enamel using 

L*a*b* colour dimensions may be a valid criterion for detection of hypomineralised 

lesions.16,17  A previous imaging study classified DHL only in “opacities”, without 

differentiating between white, creamy, yellow or brown demarcated lesions; with the 

sensitivity for detecting general intact opacities with intraoral photography less than 

50%.31  This is why the present investigation has extended the quantification of DHL 

including CW and YB demarcated lesions in association with PEB.  The findings 

indicated that the values in ∆L*, ∆a* and ∆b* were statistically different according to 

lesion type.  For instance, the difference in lightness declined in relationship to 
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increased lesion severity classification.  The reverse was the case for ∆a* and ∆b*.  

The CW lesions showed the highest ∆L* mean values, indicating that they expressed 

markedly higher lightness than surrounding enamel, YB and PEB lesions.  It is has 

been noted previously that white DHL also had higher luminosity than WSL, but that 

assessment did not show statistically significant results.55 A previous 

spectrophotometry analysis of enamel defects in anterior teeth denoted lower mean 

values in L*, a* and b* than the present study, and the authors hypothesised that the 

location of the defects and the anatomy of the tooth influenced the colour 

perceptions.57  Unfortunately, these results were only descriptive and were not 

presented according to lesion type.  The optical properties of dental tissues, especially 

lightness, may be useful for differential diagnosis, but more comparative analyses 

between WSL and DHL involving other parameters, such as localisation of the 

lesions, calculations of affected area, shape of the lesions and characteristics of 

surrounding enamel would be of interest.55,57 

White light images along with the SOPROimaging® software program, which stores 

the images in a laptop allowing recoding and comparison of the photographs,58  may 

have important implications for clinical research and practice as images could be 

shared between clinicians for educational or clinical purposes (e.g. ‘off-site’ 

diagnosis).31,59  However, the acquisition and transfer of photographic material must 

be protected by policies related to autonomy, privacy and informed consent for the 

use of patients’ images.59   

Despite the limitations of intraoral photography, the present methods using Adobe 

Photoshop CC® may be utilised for the quantification of aesthetic properties of teeth 

affected with hypomineralised lesions, as they could reduce the subjectivity of colour 

perception and the diagnosis of lesion severity could be communicated simply.60
  

These methods may also be useful in the area of teledentistry where more 

standardised methods are required to diagnose developmental defects.43  Early 

diagnosis of DHL using intraoral photography may be included in further teledentistry 

investigations, where SOPROlife® systems have been successfully used in paediatric 

patients from rural and remote communities with reference to cleft lip and palate, 

dental trauma and orthodontics.61  



 

 311 

Fluorescence images 

Fluorescence changes in hypomineralised enamel quantified by SOPROlife® have not 

been reported before.  In Chapter 5, QLF-D equipment and software was utilised to 

measure changes in fluorescence and red fluorescence of DHL of differing severities.  

Fluorescence technology has been applied in most cases for the detection and 

quantification of early stage carious lesions and only laser-induced fluorescence has 

demonstrated some utility in DHL diagnosis.16,29  

SOPROlife® systems provide visual information on the green fluorescence that 

indicates healthy enamel, dark green representing demineralised dentine and also red 

fluorescence that may denote deposit of organic residues.32,62,63  Different from laser 

fluorescence and QLF systems, SOPROlife® and SOPROimaging® do not provide 

numerical information from analysis software,64 thus the present investigation 

incorporated the determination of L*a*b* colour dimensions as quantitative 

comparative data. 

High reliability scores (ICC) were determined solely for L*a*b* values of the lesions 

(Table 6.1).  These results are consistent with previous investigations regarding 

fluorescence quantification of carious lesions classified with ICDAS II.33,52,65  The 

ICC coefficients were also comparable to QLF data.66  The determination of 

sensitivity and specificity of SOPROlife® has been controversial, as the diagnostic 

capacity of these methods has been determined as high for carious lesions,33,64 but 

others have questioned these assertions.26  

The findings of the present study indicated a fair ICC in relation to the selection of the 

tooth surface as area of interest, particularly in the red to green spectrum.  The 

difference between measurements may be more associated with the quality of the 

images.  Similar to another report, the FL images were found to be brighter with an 

increased number of flash reflection areas when compared with WL images.36  Other 

fluorescence methods, such as QLF, have filters that help remove areas of high 

reflectance, improving the quality of the pictures.54  These limitations may have 

affected the surface contouring and influenced the final values for the difference (∆) 

in the a* colour space between the sound enamel and hypomineralised lesions.  The 

a* value was the only one that did not represent agreement between repeated 

measures illustrated in the Bland and Altman plots (Figure 6.5).  In addition, due to 
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the optical properties of dental tissues, which reflect green colours under fluorescent 

light, most of Δa* values are plotted below the mean difference line (Figure 6.5), 

whereas the values for Δa* in WL images are charted above the mean difference line 

(Figure 6.4).33  It was noticeable that the limits of agreement of fluorescence ΔL* and 

Δb* values were wider than those for WL images, but there was satisfactory 

agreement between both methods.  Similarly, good repeatability between SOPROlife® 

fluorescence and ICDAS II scores has been demonstrated in one in vivo study, but the 

limits of agreement were not reported.33  

A small number of outliers were identified by the agreement plots, and their 

dispersion pattern was similar for ΔL* between WL and FL.  This may indicate that 

confounding factors related to the tooth surface, such as calculus, plaque deposits and 

other stains, were controlled.67  Professional prophylaxis has been recommended prior 

to fluorescence photography, which was not feasible for the present clinical study; 

although all children brushed their teeth preceding examination. 

Variations by lesion type were found with respect to ΔL*, which indicated that more 

severe DHL were represented by increased darkness using the camera diagnostic 

mode, in the same way as darker fluorescent areas represented carious lesions in past 

studies.26,63  Formerly, the changes in L* values of sound enamel of FL images using 

SOPROlife® were higher compared to dentinal carious lesions.68  Additionally, 

statistical differences in the blue spectrum between sound and carious enamel have 

also been reported.68  It is relevant that the performance of fluorescence quantification 

can be affected by surface loss, but the present findings suggested that intact YB 

lesion did not differ significantly from PEB lesions ΔL* values.69  This may indicate a 

true similarity in the hypomineralised enamel composition/organisation or it may be 

another confounding factor that needs more research. 

Uncertainty exists regarding the origin of the red fluorescence emitted by dental 

tissues when illuminated with SOPROlife® blue light.  This red fluorescence may 

come from deep dentinal carious lesions or from any organic sediment positioned on 

or underneath the tooth surface.62,63  The red fluorescence may be detected either by 

the diagnostic or treatment mode of the camera.62  In the present study using 

exclusively Mode I, the referenced red to green space (a*) values were not statically 

different by lesion type, but there was a tendency to show that the most severe lesions 

were represented by greener colours, demonstrating a lack of expression of the red 
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fluorescence.  These findings are opposite to those presented in Chapter 5, where 

QLF-D images denoted a clear manifestation of red fluorescence, a fact that is 

supported by recent evidence in the literature.70,71  This effect may be explained as 

SOPROlife® and QLF-D are clearly distinct technologies.  The latter uses a 405 nm 

excitation wavelength and possesses a modified filter set attached to a digital SLR 

camera; it also has the upgraded quality to detect red fluorescence.28,71  SOPROlife® 

basically consists of an intraoral camera with a blue light emitted at a wavelength of 

450 nm.52  The use and usefulness of red fluorescence needs to be further validated. 

The organic deposits of DHL, which are mainly represented by proteins, may be 

eliminated by denaturation methods and fluorescence analyses could be performed to 

quantify whether the changes in fluorescence persist.62 

The validation of fluorescence ΔL*, Δa* and Δb* values against anatomical values 

from WL images assessed by mixed model, indicated values in ΔL* were strongly 

correlated (p < 0.001) when controlled by lesion type (Table 6.3).  In other words, 

those severe DHL that reported darker colours in WL images also reported darker 

values in FL images.  This linear congruency between average scores for the 

SOPROlife® fluorescence and WL images has also been supported in relation to 

carious lesion assessment.52  On the other hand, the main fluorescence characteristic 

represented by emission of green or red colour space was not related to lesion types or 

the clinical presentation of the lesions represented in WL images.  This fact may limit 

the utility of SOPROlife® fluorescence methods to quantify lesion severity in relation 

to sound enamel.  Nevertheless, the detection and quantification of lesions, using L*, 

a* and b*, have showed excellent reliability coefficients (Table 6.1). 

Adequate determination of the boundaries of hypomineralised lesions along with the 

lack of evidence determining the sufficient enamel remotion prior to adhesive 

restorative treatment have been identified as common diagnostic and management 

challenges.72,73  Changes in fluorescence may aid clinical diagnosis and decision 

making during treatment planning, in a similar manner as the LIFEDT concept has 

been used as guide for carious lesion management.33,58,62,63,68  Preliminary to this, 

further research is necessary and may include more examiners assessing the images to 

determine the true sensitivity and specificity of the methods and also exploring the 

characteristics of fluorescence under treatment mode (Mode II).  A quantification of 

fluorescence changes using colour space is a reliable method for lesion detection, but 
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it was not accurate when the difference between hypomineralised and sound enamel 

was computed.  Exploration of the validity of FL images may include other variables, 

such as lesion area and difference in fluorescence (ΔF) as calculated by previously 

published algorithms.46,47,64,74 

Conclusion 

The use of clinical images captured by the tested intraoral camera was a reliable and 

repeatable method for detection and classification of DHL.  In WL images, colour 

space values quantified enamel changes differently according to lesion severity.  

Fluorescence intraoral images demonstrated large areas of light reflectance that 

influenced the repeatability of the measures, particularly when contouring the tooth 

surface.  Colour values of FL images were reliable at determining the lesion types 

individually.  Further investigations regarding green and red fluorescence are 

recommended. 
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Tables Chapter 6 

Table 6.1. Intra-class correlation between measures 

Methods 

Measurements ICC 

L*a*b* levels Lesion with flash 

deselected (z) 

Individual tooth surface with 

flash and lesion de selected (x) 

White images L*  0.996 0.994 

a*  0.975 0.994 

b*  0.996 0.991 

Fluorescence images L* 0.991 0.993 

a* 0.969 0.437 

b* 0.997 0.989 

 

 

Table 6.2. Mixed models for colour dimensions detected using both methods 

categorised by lesion type. 

 

Lesion type 

(N) 

White Light Images Fluorescence Images 

ΔL* 

Mean (s.e.) 

Δa*      

Mean (s.e.) 

Δb*       

Mean (s.e.) 

ΔL*     

Mean (s.e.) 

Δa*      

Mean (s.e.) 

Δb*  

Mean (s.e.) 

CW (35) 20.76 (2.56)ab -3.27 (0.39)ab -1.83 (0.52)ab 21.42 (2.78)ab -0.55 (0.93) -4.22 (1.59)ab 

YB (23) 7.70 (3.03)a 0.92 (0.47)a 5.13 (0.61)a -3.36 (3.24)a -3.79 (1.11) 9.28 (1.91)a 

PEB (23) 2.33 (3.2)b 1.13 (0.49)b 5.24 (0.64)b - 6.69 (3.44)b -1.09 (1.13) 6.35 (1.97)b 

CW, creamy/white. YB, yellow/brown, PEB, post-eruptive breakdown. 
(s.e.) Standard error. 

Identical superscripts indicate Sidak’s tests p < 0.05  
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Table 6.3. Relationship between L* in fluorescence images and L* in white light 

images with lesion type with mixed model. 

L* fluorescence images as dependent variable 

  Parameter Estimate (s.e.) P value 95% CI 

L* white light images  0.68 0.10 <0.001 0.49 – 0.88 

Lesion type (N) CW (35) 16.81 3.89 <0.001 9.12 – 24.50 

 YB (23) 0.74 3.69 0.84 - 0.62 – 8.11 

 PEB (23) ^ ^ ^ ^ 

CW, creamy/white hypomineralised lesions. YB, yellow/brown hypomineralised lesions, PEB, post-eruptive enamel breakdown.  
(s.e.) Standard error. 

^Reference category. 

 

Table 6.4. Relationship between a* in fluorescence images and a* in white light 

images with lesion type with mixed model. 

 

a* fluorescence images as dependent variable 

  Parameter Estimate (s.e.) P value 95% CI 

a* white light images  0.30 0.26 0.26 -0.22 – 0.82 

Lesion type (N) CW (35) 1.81 1.79 0.32 -1.77 – 5.40 

 YB (23) -2.59 1.56 0.10 - 5.71 – 0.52 

 PEB (23) ^ ^ ^ ^ 

CW, creamy/white hypomineralised lesions. YB, yellow/brown hypomineralised lesions, PEB, post-eruptive enamel breakdown.  

(s.e.) Standard error. 

^Reference category. 
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Table 6.5. Relationship between b* in fluorescence images and b* in white light 

images with lesion type with mixed model. 

b* fluorescence images as dependent variable 

  Parameter Estimate (s.e.) P value 95% CI 

b* white light images  1.82 0.17 0.001 1.32 – 2.33 

Lesion type (N) CW (35) 2.99 2.69 0.27 -2.39 – 8.36 

 YB (23) 3.33 2.14 0.12 - 0.94 – 7.60 

 PEB (23) ^ ^ ^ ^ 

CW, creamy/white hypomineralised lesions. YB, yellow/brown hypomineralised lesions, PEB, post-eruptive enamel breakdown.  
(s.e.) Standard error. 

^Reference category. 
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Figures Chapter 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1. Representative images of colour analysis by Adobe Photoshop CC, (a) 

entire surface selected in a white light image of a permanent canine, (b) entire surface 

selected in a fluorescence image of a permanent canine, (c) lesion selected in a white 

light image of a permanent canines, (d) lesion selected in a fluorescent image of a 

permanent canine, (e) surface selected with lesion deselected in a white light image of 

a permanent canine, (f) surface selected with lesion deselected in a fluorescence 

image of a permanent canine, (g) surface selected with lesion and flash reflection 

deselected in a white light image of a permanent canine, (h) surface selected with 

lesion and flash reflection deselected in a fluorescence image of a permanent canine. 

 

 

 

 

(a) 

(d) (c) 

(f) (e) 

(h) 
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Figure 6.2. Bland and Altman plots for ΔL* from white light images including all 

lesions in Time 1 vs. Time 2.  Regression coefficient t = 1.250, p = 0.215 

 

 

 

 

 

 

 

 

 

 

Figure 6.3. Bland and Altman plots for ΔL* from fluorescence images including all 

lesions in Time 1 vs. Time 2.  Regression coefficient t = 0.412, p = 0.68 
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Figure 6.4. Bland and Altman plots for Δa* from white light images including all 

lesions in Time 1 vs. Time 2. Regression coefficient t = 0.598, p = 0.552 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.5. Bland and Altman plots for Δa* from fluorescence images including all 

lesions in Time 1 vs. Time 2.  Regression coefficient t = -6.65, p < 0.001 
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Figure 6.6. Bland and Altman plots for Δb* from white light images including all 

lesions in Time 1 vs. Time 2.  Regression coefficient t = 1.69, p = 0.10 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.7. Bland and Altman plots for Δb* from fluorescence images including all 

lesions in Time 1 vs. Time 2.  Regression coefficient t = 1.10, p = 0.28 
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Chapter 7 – Summary of findings, limitations, 

recommendations and conclusions 
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Summary of findings and limitations 

Approximately one of four children was affected by DHL.  The prevalence values of 

MIH and HSPM were 15.4% and 6.1%, respectively 1-10  These proportions did not 

differ statistically between countries, suggesting that DHL prevalence maybe similar 

internationally.  Results were in agreement with many studies conducted 

internationally, corroborating the usefulness of the protocol applied.  

The main limitations of the clinical study (Chapter 4) were related to the sampling 

procedures applied and the origin of the sample.  The study sample mainly derived 

from urban areas and there was a tendency for participation of children from more 

advantaged socio-economic backgrounds.  Participants were children aged 6 to 12 

years old attending primary schools from Melbourne and Talca city.  These cities 

were primarily selected due to convenience, but also due to the following important 

reasons: a) research regarding the relationship between dental caries and DHL has not 

been conducted in these communities and DHL/dental caries prevalence data were a 

need, b) different caries experience has been reported in these communities,11,12 and 

c) UoM and Utal provided collaborative assistance and financial support to the 

student researcher to undertake data collection.  

In Melbourne, the staff of many primary schools lacked interest in participation.  The 

student researcher (KG) contacted several schools, and many ignored the invitation or 

denied participation.  Only one-third of the invited primary schools accepted to 

participate in the present study, which resulted in a low acceptance rate.  Their main 

reason for declining the invitation was due to a crowded curriculum; hence, they 

lacked time to organise the distribution of letters/consent forms.  Also, the Victorian 

Child Oral Health Survey was being conducted simultaneously amongst primary 

schools; therefore, many of the approached education centres had already participated 

in similar research projects.13  With respect to individual participation, approximately 

25% of the children at each selected school in Melbourne had their parents’ consent 

for dental examination.  It was assumed that students’ non-participation rate was 

attributable to neglecting to return the invitation letter rather than withholding 

consent.  The possibility that parents overlooked the invitation to participate also 

exists, perhaps their children have visited a dental professional in the last 12 months 

for a regular check-up. 
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In Talca, due to funding limitations and time constraints only one primary school in 

each school sector was selected randomly, where students from disadvantaged 

backgrounds are mostly enrolled in public schools, whereas those from the most 

advantaged families attend private schooling systems.14  All the selected schools 

accepted to participate at once, and approximately half of the students had their 

parents’ consent for the dental examination.  

Thus, the resulting relatively low response rate and overrepresentation of urban 

localities with high socio-economic groups limit the representativeness of the sample 

and restrict the generalisation of the results.  Nevertheless, the present findings can be 

considered accurate, as according to the sample calculation and supported by a 

recently published recommendation for epidemiological studies, the number of 

participants obtained is sufficient to provide enough statistical power to determine the 

prevalence of DHL in Melbourne (N = 327) and Talca (N = 577).15   

The current preventive approach for managing dental caries has made the diagnosis of 

incipient carious lesions indispensable.  For this reason, the clinical study (Chapter 4) 

incorporated ICDAS II criteria to investigate caries prevalence and carious lesion 

characteristics.16-19  Data were gathered using ICDAS II criteria to calculate two 

separate indices.  For instance, the D2MFT/d2mft including carious lesions from Code 

2 to Code 6 and the DMFT/dmft containing from Code 3 onwards.  The ICDAS II at 

Code 3 expressed comparative data and similar discriminant validity to WHO criteria 

for calculating DMFT/dfmt.20-23  These transformations facilitated and summarised 

the statistical analysis, presenting results in ICDAS II and DMFT/dmft in a more 

understandable manner.  Past studies have documented different judgements at the 

time of presenting the ICDAS II data, and many authors have converted ICDAS II 

scores into DMFT/dmft.22,24,25  Thus, under the present study examination conditions, 

51.7% and 34.5% of participants from Melbourne and Talca, respectively, were 

diagnosed with undetectable carious lesions (ICDAS II code zero).  

The consequences of untreated carious lesions were recorded according to the degree 

of pulpal involvement addressed by the PUFA/pufa index.26  This index categorised 

pulpally involved teeth in four groups from visible pulp chamber to fistula and 

abscess.  Most of the severely compromised teeth in the present study had a visible 

pulp chamber; there were only a few cases of abscess or fistula.  Consequently, the 

general PUFA (0.01 Melbourne vs. 0.06 Talca) and pufa (0.2 Melbourne vs. 0.26 
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Talca) index, PUFA + pufa prevalence (10.7% Melbourne vs. 17.5% Talca) and the 

PUFA/pufa ratio (9.04% Melbourne vs. 14.73% Talca) were presented in the results 

without references to the PUFA/pufa codes separately, as recommended by a previous 

epidemiological investigation.27 

Data collection in Melbourne was conducted in two stages, and the parental 

questionnaire had to be amended.  These changes altered the timeline of the project, 

and some socio-demographic questions were eliminated for further analysis.  On the 

other hand, variables associated with increased caries-risk were not considered (e.g. 

sugar consumption, access to topical fluoride and salivary flow), and the caries-risk of 

the studied communities was only defined by the previously reported DMFT/dmft 

index.  The predictive statistical analyses reflected this limitation by presenting varied 

ranges of proportional variance explained by the regression models (from 6% to 

30%).  

Dental professional members of paediatric societies or academic institutions have 

identified enamel hypomineralisation as a clinical problem and have defined many 

barriers to performing restorative treatment in affected children.28,29  Similar results 

have also been reported amongst GDPs and dental students.30,31  These findings were 

also mirrored in the present study involving OHCPs working in the public sector in 

Australia and Chile, where almost all participants (94.0%) considered that local 

prevalence studies are of interest (Chapter 3).  Nevertheless, these judgements must 

be analysed in the context that the selection of participants may also have been biased.  

Different from other studies, which have sent invitations throughout dental 

organisations or using person-to-person approach, ethical considerations and privacy 

policies limited the access to any public health service database.  Therefore, invitation 

letters were mailed to the dental service addresses obtained from the open-access 

website of each State/National health authority.  There is a significant probability that 

many centres were excluded as their addresses were incorrect or were not provided in 

detail.  In addition, responses were required either by using pre-paid envelopes or an 

electronic survey.  However, participants had to email the student researcher (KG) to 

ask for the survey link.  This increased participation effort requested to the 

participants may also have influenced the responses obtained.  The cost of using 

prepaid envelopes was high, and despite letters and phone call reminders, the overall 

number of responses was low (29%). 
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The MIH perceived prevalence amongst public OHCPs contradict the past and present 

epidemiological evidence.  Dental professionals working in the public sector are 

uncertain about the prevalence of hypomineralised defects in their communities.  The 

level of knowledge regarding prevalence and aetiology of MIH was evaluated by a 

knowledge variable specially constructed for analysis.  Results indicated that Chilean 

OHCPs reported lower levels of knowledge compared to Australia practitioners.  

However, the percentage of the variance explained by statistical models was small 

(4%), which could be associated with factors excluded from the analyses, such as 

clinical guidelines use or type of education received at university.  

Interestingly, OHCPs identified a distinct dental caries pattern in children affected by 

DHL.  The relationship between dental caries and hypomineralised defects has been 

neglected by previous epidemiological studies.  Several authors have basically 

reported an increased caries experience (DMFT) in MIH-affected children without 

controlling for other variables,32-39 whereas only a couple of published studies have 

reported an increased carious lesion severity in hypomineralised teeth.1,40  Authors 

have hypothesised that severe carious lesions may mask hypomineralised defects;41 

however, the present study (Chapter 4) defined the clinical characteristics of carious 

lesions associated with DHL and estimated the impact of DHL in the oral health 

status of communities with different caries-risk.  Results showed that teeth affected by 

carious lesions owing to DHL were of increased severity in children from Talca.  

However, it is relevant to note that the number of hypomineralised teeth affected by 

atypical carious lesions was small (43 of 489). 

The clinical characteristics of the lesions observed by clinical examination can also be 

detected by other clinical auxiliary methods such as dental photography or 

fluorescence images, as demonstrated in Chapter 5 and 6.  It was hypothesised that 

fluorescence methods could quantify DHL in a similar manner to carious enamel.  

However, results indicated that green fluorescence did not quantify DHL of differing 

severity accurately, whereas the emission of red fluorescence was putatively 

associated with the clinical presentation of the lesions.  The fluorescence 

characteristics of hypomineralised enamel were explored by two approaches: a) 

laboratory-based approach using QLF-D, and b) clinically-based approach using 

SOPROlife® intraoral camera.   
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The laboratory study (Chapter 5) had the advantage that experimental conditions were 

controlled.  There was a standardisation of the image capturing process, and QLF-D 

systems have a bespoke software program that provides numerical information for 

quantification of the change in green and red fluorescence of hypomineralised enamel 

compared to surrounding sound enamel.  However, the software program is designed 

to detect changes greater than a threshold of 5%, and many hypomineralised lesions 

showed no values when they were detected by the system.  This software limitation 

may have affected the statistical analysis and, thus, the sensitivity of the methods only 

reached 75%.  On the other hand, the volumetric Micro-CT determination of MD 

tested was a reliable method to quantify the lesions, but the resulting values were 

lower than those reported in past studies.  Perhaps, this difference was related to the 

specific pre-fabricated hydroxyapatite phantoms used for calibration (0.25 & 0.75 

g/cm3).  Previous studies used phantoms fabricated with enamel hydroxyapatite with a 

higher density.42  This contradiction may also be due to the non-standardisation of 

factors such as type of tooth, age of individuals, ethnicity and locations from where 

teeth were collected,  as intrinsic variations in the mineral content between individuals 

and site-to-site within a tooth exist.43  

The clinically-based study of the intraoral clinical and fluorescence images captured 

by the SOPROlife® determined that the colour dimensions were different according to 

lesion types.  However, fair repeatability and reliability and low level of agreement of 

readings for the green fluorescence were observed (Chapter 6).  The main limitations 

of the present study were the lack of standardisation of intraoral images and the 

convenient selection of images for performing the analyses, which excluded images 

with excessive flash reflection and blurriness (Appendix 6.1).  It was implausible to 

standardise and repeat the intraoral images captured, as the time allocated for 

examining each child was limited.  Furthermore, a single examiner performed the 

examinations and captured the photographs with no further assistance.  Contrary to 

the QLF-D study, SOPROlife® did not detect changes in red fluorescence, as only 

explored fluorescence images were captured using Mode I (diagnosis) of the intraoral 

camera.  Despite these limitations, good repeatability was found for the anatomical 

images, indicating that intraoral photography is a valuable method that can be used in 

future epidemiological studies and can facilitate ‘off-site’ diagnosis of DHL in 

primary and permanent dentitions.  
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Another point to put into context was the funding available. The present study was 

primarily funded by the Melbourne Dental School Postgraduate Research Grant 

(AUD$3,000).  Stationary and disposable materials were kindly provided by Dental 

Clinics of UTal for data collection in Talca.  Procter & Gamble also collaborated 

providing toothbrushes and tubes of toothpaste for participating children.  Travel 

awards were granted by Melbourne Dental School, and the results from the present 

project were presented at local and international conferences and seminars.  The 

student researcher applied for other research grants, but no additional funding was 

obtained  (e.g. Australian Dental Research Foundation, Graduate Women Victoria and 

Overseas Research Experience Scholarship).  Therefore, important is to consider that 

the study design was planned according to the funding and time available.  

Recommendations 

Based on the significance of the findings as well as the shortcomings identified in the 

present study, recommendations for future research, practice and policy development 

are presented as follow: 

For research  

The present study results indicated the prevalence and clinical characteristic of DHL 

in two specific localities (Melbourne and Talca) using modified diagnostic criteria 

that combined the EAPD + mDDE index.44  With these criteria, not only index teeth 

are affected by DHL, and the same clinical consequences (PEB, atypical carious 

lesions and atypical restorations) may also be observed in other teeth.  The present 

study also highlighted the impact of DHL on caries prevalence and severity, 

particularly in children at increased caries-risk.  A comprehensive understanding that 

any teeth can be affected by DHL and that DHL is a significant risk factor not only 

for carious lesion development but also for pulpal complications in young children 

could be a solid argument for future research.  It is appropriate to recommend that 

future community-based surveys use a similar protocol to determine the distribution 

of the defects and investigate their occurrence in a larger and more representative 

sample throughout Australia and Chile.  The diagnostic criteria utilised provided 

consist results, demonstrating the reproducibility of the index.  However, future 

studies should test the validity of the EAPD + mDDE examination criteria.  In 
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addition, further epidemiological research may include new exploratory variables 

such as those related to child health monitoring processes.  For example, both 

countries have implemented similar oral and general health promotion programs 

conducted in early childhood centres and maternal and child services;45-48 however, 

the effectiveness of these programs has not been formally evaluated through the 

application of consecutive clinical surveys.   

The inclusion of ICDAS and DHL diagnostic criteria can be useful when 

investigating intervention and promotion programs helping to improve the oral health 

of children.  The incorporation of ICDAS into oral health surveys will transform the 

historic surgical-based dental caries epidemiology into a more contemporary 

philosophy based on the preventive management of carious lesions,44,49  whilst DHL 

will be acknowledged as an important caries-risk factor.50,51  Future studies must 

highlight the strong association of DHL with the detrimental consequences of dental 

caries, as well as the financial and general implications of DHL for children, families 

and the community, which are associated with psychosocial impacts, specialist 

consultations, aesthetics, early extractions and recurrent restorative treatments. 

Regarding restorative treatment of DHL-affected teeth, the “Hall Technique is very 

attractive for management of DHL-affected primary molars.52   However, further 

research could be undertaken to investigate the feasibility of using this technique on 

permanent molars affected by DHL.  Should the increased occlusal vertical dimension 

created by the Hall Crown reverse to original dimension in young children then this 

technique would be very helpful in the management of FPMs affected by 

hypomineralisation.  The major advantages of this treatment would be: a) avoid dental 

GA for young children and adolescents, b) control hypersensitivity of DHL-affected 

teeth, c) protect all surfaces of the affected tooth from PEB and carious lesion 

development and d) avoid the concern about ineffective local anaesthesia, as 

preparation of the tooth is not required. 

Epidemiological studies may be facilitated by the use of clinical photographs.  The 

present study validated the use of intraoral dental photography in the study of DHL, 

supported by a previous experience in young children.53  Also, image analyses could 

be useful to investigate further the aesthetics concerns of affected children, as the 

literature has identified psychosocial issues in children having DHL in their front 

teeth.54,55  Colour analyses could also be used to analyse aesthetic treatments available 
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in in vitro or in vivo investigations.  Clinical studies follow-up by questioning would 

be of interest to recognised patients’ perceptions towards the appearance of the 

lesions and the aesthetic treatment outcomes.  

Other aims of the present thesis were related to the evaluation of DHL fluorescence 

characteristics and validation of QLF-D fluorescence technology using MD as a 

reference standard.  The diagnostic value of fluorescence methods could also be 

evaluated under histological reference tests or other gold standard techniques (TMR 

or proteomic analyses).  Furthermore, it would be of interest to observe whether 

improved versions of QLF systems (Q-RayTM and Q-Ray PenTM Inspektor Research 

Systems B.V., Amsterdam, the Netherlands) may demonstrate a higher efficacy to 

quantify mineral changes due to developmental hypomineralisation.  In future studies, 

it will also be valuable to observe carious lesions to explore DHL differential 

diagnosis via the changes in green and red fluorescence.  The percentage of red 

fluorescence has been correlated with the cariogenic potential of oral biofilms, and the 

penetration of bacteria into deep hypomineralised enamel from intact DHL has been 

reported.56,57  Thus, a detailed investigation regarding the red fluorescence may 

provide longitudinal information about the progress of the lesions in vitro.   

In Chapter 6, the use of SOPROlife® in the clinical diagnosis of DHL was described.  

The quality of the images influenced analysis; hence, future studies may use 

standardised techniques to capture images of DHL-affected teeth and analysed them 

also under treatment mode (Mode II) to evaluate the expression of red fluorescence.  

Moreover, the analysis of images performed by multiple examiners could reduce bias 

and intra-examiner level of agreement could also be calculated. 

For practice  

It is necessary to educate the oral health professionals regarding DHL diagnosis, risk 

factors and optimal management.  In future, these professionals could conduct oral 

health programs aimed at decreasing the impact of DHL on the oral health status of 

affected children or could initially diagnose children severely affected with DHL.  In 

the present study, one of four OHCPs working in the public sector had received 

insufficient training regarding management of MIH-affected children.  Therefore, 

local health authorities could develop continuing education programs focused on 

promulgating updated information about DHL aetiology, therapeutic modalities and 
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prevalence.  Another form that may be useful to increase knowledge and awareness 

amongst OHCPs could be an update of clinical guidelines or develop new clinical 

guidelines specially dedicated to diagnosis and management of DHL-affected teeth.  

In Australia, there are guidelines available only for MIH;58  In contrast, DHL have not 

been considered when designing clinical guidelines directed to oral health 

management and care of 6 year-old Chilean children (priority group).  In addition, 

treatment options for DHL-affected children at primary level in Chile are limited as 

GDPs are not trained to perform placement of PFM, which is usually defined as the 

most appropriate treatment option for severely affected teeth.55  However, PFM 

appeared to be less cost-efficient when compared to extractions at optimal age and 

direct restorations using RC.59 There should be increased efforts in providing training, 

education and information to the dental community starting during dental school.  

Dental schools should include in their undergraduate dental curricula a 

comprehensive clinical experience as well as an updated theoretical background 

regarding DHL;30 thus, future oral health professionals will be more aware and trained 

to deal with the DHL-associated clinical challenges and will provide appropriated 

treatment interventions when managing DHL-affected children.  This will minimise 

the defects’ progression and will also help to reduce associated costs. 

As mentioned previously, early diagnosis is a key factor to commence preventive 

interventions.  The correct clinical diagnosis of DHL is essential and should be based 

on approaches describing the clinical characteristics of the lesions and giving 

examples on how to record theses defects.44,60  It has been noted that as part of the 

caries-risk assessment, clinical guidelines include the presence of DDE; however, a 

confusion between hypoplastic and hypomineralised defects still exists.  Oral health 

assessment forms usually have codes for enamel defects such as demarcated opacities, 

diffuse opacities and enamel hypoplasia, which can lead to misdiagnosis; however, a 

more accurate coding system that can simply make a distinction between the lesions 

should be incorporated into patients' records to carefully follow-up the progression of 

the defects.44  The present study provided insights into the utility of a novel scoring 

system. This system allowed classifying individuals at risk, and most importantly it 

helped in identify carious lesions owing to DHL.44  This diagnostic tool may not only 

be helpful for epidemiological studies, but it can also be adapted to be a suitable 

application into the public and private dental practice.  Informative patients records 
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can be useful to estimate the financial repercussions that DHL may have on the public 

oral health systems, and they can also represent an opportunity for obtaining 

longitudinal data.  

The present study’s design was unsuccessful in ascertaining that fluorescence 

methods could enhance diagnostic capacity regarding DHL.  On the other hand, 

intraoral photography is a valid method to diagnose DHL in permanent and primary 

dentitions and could facilitate ‘long-distance’ diagnosis via teledentistry.  Whilst 

further investigations in the topic of dental fluorescence are conducted, clinical or 

photographic examination accompanied by correct judgement criteria should be used 

to diagnose and classify the defects according to their clinical appearance.  

For policy 

Early stage promotion programs directed to future mothers and infants and conducted 

by allied professionals, such as midwives, maternal and child health nurses and early 

childhood educators have been implemented in Victoria, Australia and also in 

Chile.45,47  These programs are mainly focused on diet counselling, oral health 

practices and cavitated carious lesions detection.  Information regarding DHL and 

incipient carious lesions could also be included to promote education, early diagnosis 

and above all, to increase awareness about the coexistence of DHL in the primary and 

the permanent dentition.  Subsequently, growth and development programs carried 

out in pre-school and school settings including teachers, early childhood educators 

and oral health professionals should continue following-up the progression of the 

lesions and provide non-invasive treatment and opportunities for referral.  DHL-

affected children should be considered as a high-risk or priority group where the 

eruption of permanent teeth and the clinical behaviour of the restorative treatment 

provided can be monitored closely.46,48  Thus, the involvement of trained 

professionals and DHL-related information in established oral health promotion 

programs is the ideal facilitator to decrease the adverse impact of DHL in the oral 

heath status of children and adolescents.  Despite these suggestions, modifications of 

programs and policies should be planned prior to conducting a representative national 

study including DHL.  In Chile, there have been no periodical oral heath surveys, and 

the last report was published in 2007.  The Chilean government and the Ministry of 

Health are planning a new national survey to be conducted in the years 2017-2018, 
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including all systemic health parameters and summarised data in oral health 

(DMFT/dmft).  However, the present study highlighted the importance of sequential 

clinical surveys including more contemporary data in relation to carious lesion 

progression (changing from WHO to ICDAS caries diagnostic criteria) and other 

associated risk factors such as DHL.  Data from Victoria has been excluded from the 

Australian National Child Oral Health Survey since 2005.  Due to this lack of 

epidemiological data, health authorities organised and conducted the Victorian Child 

Oral Health Survey during the years 2014-2015; however, at present, the results have 

not been released.  The information provided by periodical national surveys including 

not only caries data but also DHL information would be a valuable reference to 

evaluate the cost-effectiveness of preventive programs, to prioritise treatment needs 

and to plan interventions directed to those children at risk of developing severe 

carious lesions. 

Conclusions 

• The prevalence of DHL in FMPs was widely recognised by public oral health 

care professionals, and nearly half had also observed this developmental 

defect in the primary dentition.  Variations in the level of knowledge and in 

the level of confidence when diagnosing and treating MIH-affected children 

existed between OHCPs from Chile and Australia.  The dental community 

perceives a grand research need regarding the prevalence and treatment of 

DHL.  Information and training should be delivered appropriately across the 

entire dental community commencing at dental school. 

• A high dental caries burden and inequalities between Talca and Melbourne 

existed.  Almost every fifth child had severe carious lesions and half of them 

presented with one or more teeth with pulpal involvement.  Children from low 

socio-economic backgrounds, those attending the dental service only for 

emergency reasons and children residing in Melbourne but born overseas had 

increased caries experience, prevalence and severity.  Preventive and 

therapeutic programs should target those specific groups.  

• The prevalence of DHL was similar across nations.  Approximately one of 

four children had DHL, and the MIH (Melbourne 14.7% and Talca 15.8%) 

and HSPM (Melbourne 8% and Talca 5%) prevalence and clinical 
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characteristics were consistent with previous reports.  The examination 

protocol using modified diagnostic criteria was valid to determine the 

prevalence of DHL in different communities.  

• Both dentitions were affected by DHL.  Apart from the index teeth, the most 

commonly affected were SPeMs, permanent canines and first primary molars.  

A significant proportion these teeth presented with atypical restorations or 

PEB.  

• The presence of HSPM predicted MIH in Melbourne and Talca.   

• Demarcated hypomineralised lesions of enamel were associated with severe 

carious lesions and by a higher proportion of unmet treatment needs in 

children residing in Talca.  The impact of DHL on the dental caries experience 

(DMFT) and severity (PUFA/pufa and ICDAS) was greater in Talca.  

• Auxiliary clinical diagnostic methods based on fluorescence technologies 

appeared to be useful to detect DHL; however, they did not quantify 

accurately. 

• Three-dimensional analysis using Micro-CT is a valuable method to evaluate 

MD and porosity of hypomineralised lesions. 

• Intraoral clinical photography demonstrated high reliability and repeatability 

for diagnosing DHL in the primary and permanent dentition.   
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Appendix 3.4. Plain language statement for senior dentist or centre manager. 

Invitation for Community Health Centre/School Dental Clinic 
Manager or Senior dentist.  

 

 
Name of Researchers: 
  
Research supervisor: 
Prof D Manton: djmanton@unimelb.edu.au 

 

Research co-supervisors: 
A/Prof R Mariño: rmarino@unimelb.edu.au  

A/Prof H Calache: Hanny.Calache@dhsv.org.au  

Dr A Ghanim: aghareed.mohammed@unimelb.edu.au  

 

Student Researcher:  
Dr Karla Gambetta-Tessini: karlag@student.unimelb.edu.au  

 

 

Project title: Knowledge and attitudes regarding Molar (Incisor) 
Hypomineralisation (M(I )H) amongst Australian and Chilean Oral 
Health Care Providers (OHCP) 

 
Dear Manager / Senior Dentist: 

 

Your Community Centre/ School Dental Clinic is invited to participate in the above research 

project, undertaken by Dr Karla Gambetta-Tessini (MDSc, PhD candidate), which is being 

supervised by Prof Manton, A/Prof Mariño, A/Prof Calache and Dr. Ghanim of the 

Melbourne Dental School at The University of Melbourne and the Dental Health Services of 

Victoria. Your centre has been selected at random from a database. This project will form part 

of Dr Karla Gambetta-Tessini PhD thesis, and has been approved by the Human Research 

Ethics Committee of The University of Melbourne (HREC No 1340316 Date: 21-10-2013). 

The aim of this study is to investigate the knowledge and attitudes of Australian and Chilean 

Oral Health Care Providers (OHCP) toward Molar (Incisor) Hypomineralisation (M(I)H). 

This is a qualitative developmental defect of enamel that mainly affects first permanent 

molar, and sometimes permanent incisors and primary molars, although any teeth may be 

affected by hypomineralised enamel. These defects lead to a significant weakness of the 

affected tooth, making it susceptible to future breakdown and decay. Unfortunately little is 

known about the possible cause/s of this condition.   

Should you agree to participate, you will be asked to contribute to this in two ways. Firstly, 

we will ask you to distribute this information to the available OHCPs in your centre, who are 

most likely to treat children, and ask them if they want to participate in the present research 

project. Secondly, if they agree for participation, we need them to receive the invitation letter 

and select their preference to complete the survey. A reply-paid envelope will be provided to 

return the survey; otherwise if they prefer to complete the survey online, they can contact the 

student researcher Dr. Karla Gambetta-Tessini via e-mail to obtain the online survey link. We 

anticipate that this will not take more than 10 minutes of their time. This survey is anonymous 

and voluntary. If they decide not to participate this will not have any negative influences in 

relation to their work at the centre. The only thing that we will need from you is to kindly 
distribute the attached survey package to one available OHCP. 
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We believe that this survey is extremely beneficial for future policies development. Also, 

research on the awareness of the dental community about tooth enamel defects is sparse. 

There is an impetus on dentists to investigate this important topic further to improve oral 

health in our population. We ask you to join with us and assist us in researching this topic. 

We will protect the anonymity and the confidentiality of the participants to the fullest possible 

extent, within the limits of the law. The name and e-mail details of the participants will be 

kept in a password-protected computer file separate from any data that you supply. We will 

de-identify all information collected. 

Please read the attached Plain Language Statement (PLS) which details what will be 
required of each participant 

Once the research project has been completed, a brief summary of the findings will be 

available to you should you be interested. It is also possible that the results will be presented 

at academic conferences and published in academic journals.  

Please be advised that your participation in this study is completely voluntary. Should you 

consent to involve the centre, please distribute the survey package and with it we will ask for 

individual consent from OHCPs. Should any OHCPs wish to withdraw from the project at any 

stage, they are free to do so without prejudice.  

Should you require any further information, or have any concerns, please do not hesitate to 

contact the student researcher: Dr. Karla Gambetta-Tessini, postgraduate student: 

karlag@student.unimelb.edu.au, Cellular phone + 61 420277637 And/or the research 

principal supervisor: Prof. David J. Manton: djmanton@unimelb.edu.au; Telephone +61 3 

9341 1493. 

Should you have any concerns about the conduct of the project, please contact Executive 

Officer Human Research Ethics, The University of Melbourne; Telephone 8344 2073 or fax 

(03) 9347 6739. 

 

 
 
 

Thank you for your cooperation 
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Appendix 3.5. Plain language statement for OHCPs 

 

HREC N° 1340316                                                      Version 2. Date 03/02/2014 

!
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Plain Language Statement for Oral Health Care Providers 

 

Name of Researchers: 
  
Research supervisor: 
Prof D Manton: djmanton@unimelb.edu.au 

 

Research co-supervisors: 
A/Prof R Mariño: rmarino@unimelb.edu.au  

A/Prof H Calache: Hanny.Calache@dhsv.org.au  

Dr A Ghanim: aghareed.mohammed@unimelb.edu.au  
 

Student Researcher:  
Dr Karla Gambetta-Tessini: karlag@student.unimelb.edu.au  

 

 

 

  

Research project title: Knowledge and attitudes regarding Molar 
(Incisor) Hypomineralisation (M(I )H) amongst Australian and 
Chilean Oral Health Care Providers (OHCPs) 

 

Dear Colleague: 

 You are invited to participate in the above research project, undertaken by 

Dr Karla Gambetta-Tessini, (PhD candidate) who is being supervised by Prof 

Manton, A/Prof Mariño, A/Prof Calache and Dr Ghanim of the Melbourne Dental 

School at The University of Melbourne and the Dental Health Services of Victoria. 

Your centre has been selected at random from a database. This project will form 

part of Dr Karla’s Gambetta-Tessini PhD thesis, and has been approved by the 

Human Research Ethics Committee of The University of Melbourne (Number 

1340316 Date 21/10/2013) 

The aim of this study is to investigate the knowledge and attitudes of 

Australian and Chilean Oral Health Care Providers (OHCPs) toward Molar 

(Incisor) Hypomineralisation (M(I)H). This is a qualitative developmental defect 

of enamel that mainly affects first permanent molar, and sometimes permanent 

incisors and primary molars, although any teeth may be affected by 

hypomineralised enamel. These defects lead to a significant weakness of the 

affected tooth, making it susceptible to future breakdown and decay. 

Unfortunately little is known about the possible cause/s of this condition.   
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This survey can be completed in its written form or as an on-line survey. You can 

choose which method suits you best. To complete a written survey, just answer the 

options that you consider appropriate and then use the reply-paid enveloped 

provided to return the survey.  If you wish to complete it on-line, contact the 

student researcher via the e-mail address provided above and we will send you the 

survey link directly to your e-mail address. After completion, your e-mail address 

will be deleted from our databases. You may also check the link 

https://www.surveymonkey.com/s/SWVZBFB.  

This survey will not take more than 10 minutes of your time. If we receive 

your completed survey, we will assume that we have your consent for participation 

in the study. Participants are also free to withdraw their consent at any time, and to 

withdraw unprocessed data. If you choose not to participate, this will not have any 

negative effects on your work at the centre. No compensation will be provided for 

your participation. However, data collected will be useful to comprehend how this 

condition is recognized among OHCPs and future interventions to improve its 

management could be suggested. 

 There are no potential risk/side effects associated with your participation in 

this study. All of the information collected from the questionnaire is confidential, 

subject to legal limitations. Because the interest of this study is the overall 

responses of the group, your name will not be required and will not appear on any 

form. Only researchers involved in this project will have access to the 

questionnaire once completed. All data will be stored in a secure place, and 

security passwords will be required to access information stored on computers. 

Data will be destroyed after a period of five years. Once the research project has 

been completed, a brief summary of the findings will be available to you should 

you be interested. It is also possible that the results will be presented at academic 

conferences and published in academic journals.  

If you have any questions about this study, or would like additional 

information to assist you, please feel free to contact Dr. Karla Gambetta-Tessini at 

karlag@student.unimelb.edu.au. This study has been reviewed and received ethics 

clearance by the Human Research Ethics Committee at the University of 

Melbourne (Application Number 1340316 date 21/10/2013). However, the final 

decision to participate is yours. If you have any comments or concerns resulting 

from your participation in this study, please contact the Executive Officer, Human 

Research Ethics, The University of Melbourne, phone (03) 9344 2073 or fax (03) 

9347 6739. 

 

 

Thank you for your cooperation. 

 

 

!
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Appendix 3.6. Survey instrument 

 

You are invited to participate in the above research project, undertaken by Dr Karla GambettaTessini, (PhD 

candidate) who is being supervised by Prof Manton, A/Prof Mariño, A/Prof Calache and Dr Ghanim of the Melbourne 

Dental School at The University of Melbourne and the Dental Health Services of Victoria. Your centre has been 

selected at random from a database. This project will form part of Dr Karla’s GambettaTessini PhD thesis, and has 

been approved by the Human Research Ethics Committee of The University of Melbourne (Number 1340316 Date 

21/10/2013) 

The aim of this study is to investigate the knowledge and attitudes of Australian and Chilean General Dental 

Practitioners (GDPs) toward Molar (Incisor) Hypomineralisation (M(I)H). This is a qualitative developmental defect of 

enamel that mainly affects first permanent molar, and sometimes permanent incisors and primary molars, although 

any teeth may be affected by hypomineralised enamel. These defects lead to a significant weakness of the affected 

tooth, making it susceptible to future breakdown and decay. Unfortunately little is known about the possible cause/s 

of this condition.  

This survey can be completed in its written form or as an online survey. You have chosen the online option. This 

survey will not take more than 10 minutes of your time. If we receive your completed survey, we will assume that we 

have your consent for participation in the study. Participants are also free to withdraw their consent at any time, and 

to withdraw unprocessed data. If you choose not to participate, this will not have any negative effects on your work at 

the centre. No compensation will be provided for your participation. However, data collected will be useful to 

comprehend how this condition is recognized among GDPs and future interventions to improve its management could 

be suggested. 

There are no potential risk/side effects associated with your participation in this study. All of the information collected 

from the questionnaire is confidential, subject to legal limitations. Because the interest of this study is the overall 

responses of the group, your name will not be required and will not appear on any form. Only researchers involved in 

this project will have access to the questionnaire once completed. All data will be stored in a secure place, and 

security passwords will be required to access information stored on computers. Data will be destroyed after a period 

of five years. Once the research project has been completed, a brief summary of the findings will be available to you 

should you be interested. It is also possible that the results will be presented at academic conferences and published 

in academic journals.  

If you have any questions about this study, or would like additional information to assist you, please feel free to 

contact Dr. Karla GambettaTessini at karlag@student.unimelb.edu.au. This study has been reviewed and received 

ethics clearance by the Human Research Ethics Committee at the University of Melbourne (Application Number 

1340316, Date 21/10/2013). However, the final decision to participate is yours. If you have any comments or concerns 

resulting from your participation in this study, please contact the Executive Officer, Human Research Ethics, The 

University of Melbourne, phone (03) 9344 2073 or fax (03) 9347 6739. 

If you want information about the Privacy Policy of this online survey, please go to the following link: 

https://www.surveymonkey.net/mp/policy/privacypolicy/ 

 

 

Thank you for your cooperation. 

 

Information for Participants
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1. How old are you?

 

2. Sex:

3. Where do you live? 

4. How long have you been practicing dentistry? In years

 

5. Where did you graduate? Name of University

 

6. When did you graduate?

7. What is your initial qualification? 

 

8. Have you undertaken any Postgraduate degree?

9. If Yes, which area of specialty? You may select more than one option.

 

Section 1. Sociodemographic and professional information.

*

*

*
Postcode

*

*

*
Year

*

*

Female
 

nmlkj

Male
 

nmlkj

Yes
 

nmlkj

No
 

nmlkj

Orthodontics
 

gfedc

Oral surgery
 

gfedc

Prosthodontics
 

gfedc

Periodontics
 

gfedc

Paediatric Dentistry
 

gfedc

Oral Medicine
 

gfedc

Special Need Dentistry
 

gfedc

Maxillofacial Radiology
 

gfedc

Endodontics
 

gfedc

Research Higher Degrees, Masters or PhDs
 

gfedc

Other (Please Specify) 
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10. Where do you work? You may select more than one option. 

11. How do you consider your work setting?

*

*

 

Public Sector exclusively
 

gfedc

Private Practice exclusively
 

gfedc

Public Sector and Private Practice
 

gfedc

Public Sector and University
 

gfedc

Private Practice and University
 

gfedc

Other (please specify) 

Urban
 

nmlkj

Rural or remote practice
 

nmlkj
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The following questions relate to these images. 

 

 

 

M(I)H images
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12. Do you encounter teeth with M(I)H in your practice?

13. Regarding severity of the defect: which of the following do you most frequently 

notice in your practice?

14. In your practice, do you encounter demarcated hypomineralised defects in 

permanent teeth other than the first permanent molars and incisors?

15. How frequently do you notice this defect in the second primary molar tooth in 

comparison to the first permanent molar tooth?

16. Do you feel the incidence of these defects has increase in the period of your 

practice? 

17. How confident do you feel when diagnosing teeth with M(I)H? 

18. Do you think that a significant percentage of caries is caused by M(I)H?

 

Section 2. M(I)H Knowledge and perceptions of the clinical appearance and 

d...

*

*

Yes
 

nmlkj

No (go to question 18)
 

nmlkj

White demarcation
 

nmlkj

Yellow/Brown demarcation
 

nmlkj

Post eruptive enamel breakdown
 

nmlkj

Yes
 

nmlkj

No
 

nmlkj

If yes; please name the tooth/teeth  

More frequently
 

gfedc

Less frequently
 

gfedc

The same as for the first permanent molar
 

gfedc

Not sure
 

gfedc

Yes
 

nmlkj

No
 

nmlkj

Not Sure
 

nmlkj

Very confident
 

nmlkj Confident
 

nmlkj Unconfident
 

nmlkj Very unconfident
 

nmlkj

Yes
 

nmlkj

No
 

nmlkj

Not Sure
 

nmlkj
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19. Do you think the pattern (size, shape, location) of caries due to M(I)H is different 

from the "classical" caries pattern

20. Have you been aware that M(I)H is a developmental defect of enamel that differs 

from fluorosis and hypoplasia? 

21. How prevalent do you think M(I)H might be in your community? 

22. Do you think it would be worthwhile investigating the prevalence?

23. Do you think teeth with M(I)H represent a clinical problem?

24. If yes, how serious/severe do you think is M(I)H in your community?

*

*

*

*

 

Yes
 

nmlkj

No
 

nmlkj

Not sure
 

nmlkj

Yes
 

nmlkj

No
 

nmlkj

Less that 5%
 

nmlkj

Between 5 and 10%
 

nmlkj

Between 10 and 20%
 

nmlkj

More than 20%
 

nmlkj

Not sure
 

nmlkj

Yes
 

nmlkj

No
 

nmlkj

Yes
 

nmlkj

No
 

nmlkj

Mild
 

nmlkj Moderate
 

nmlkj Severe
 

nmlkj Not sure
 

nmlkj
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25. Which factor(s) do you think are involved in the aetiology of M(I)H? (Select all that 

apply)

26. During what time/period do you think this insult occurs? (Select all that apply) 

 

Section 3. M(I)H Aetiological factors.

*

*

 

Genetic Factors
 

gfedc

Environmental Contaminants
 

gfedc

Chronic Medical condition (s) of the mother during pregnancy or involved child
 

gfedc

Acute medical conditions of the mother during pregnancy or involved child
 

gfedc

Antibiotics/Medications taken by the mother during pregnancy or involved child
 

gfedc

Fluoride exposure or consumption
 

gfedc

None of the above
 

gfedc

Not sure
 

gfedc

Other (please specify) 

First trimester of pregnancy
 

gfedc

Second trimester of pregnancy
 

gfedc

Third trimester of pregnancy
 

gfedc

First year of life
 

gfedc

First to second year of life
 

gfedc

Second to third year of life
 

gfedc

Not sure
 

gfedc
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27. Do you believe that early examinations are important to treat M(I)H?

28. Are you comfortable providing management care for children with M(I)H?

29. Would you refer a child who has signs of M(I)H to a paediatric dentist for 

treatment? 

30. What type of material do you often use in treating these teeth? (select all that 

apply)

31. Would any of the following be a barrier to you for managing M(I)H teeth? (select all 

that apply) 

 

Section 4. M(I)H Management considerations.

*

*

*

*

*

 

Yes
 

nmlkj

No
 

nmlkj

Not sure
 

nmlkj

Yes
 

nmlkj

No
 

nmlkj

Yes
 

nmlkj

No
 

nmlkj

Sometimes
 

nmlkj

Amalgam
 

gfedc

Composite Resin
 

gfedc

GIC
 

gfedc

Resin modified GIC
 

gfedc

Compomer
 

gfedc

Preformed crowns
 

gfedc

Cast restorations
 

gfedc

Other (please specify) 

Dental treatment that need long time to be accomplished
 

gfedc

Child's behaviour (uncooperative child)
 

gfedc

Difficulty in achieving local anaesthesia
 

gfedc

Insufficient training to treat children with M(I)H
 

gfedc

Other (please specify) 



 

 368 

 
32. Are you receiving any information on M(I)H?

33. If yes, what is/are your source/s? (select all that apply)

34. Would you like clinical training regarding tooth hypomineralisation?

35. If yes, in which part/s do you think you need further training? (select all that apply)

 

Section 5. Aspects of continuing education.

*

*

 

Yes
 

nmlkj

No
 

nmlkj

Dental Journals
 

gfedc

Continuing education
 

gfedc

Brochures or Pamphlets
 

gfedc

Internet
 

gfedc

Books
 

gfedc

Other (please specify) 

Yes
 

nmlkj

No
 

nmlkj

Diagnosis
 

gfedc

Aetiology
 

gfedc

Treatment
 

gfedc
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Appendix 4.1. Ethics approval from DET Victoria, Australia. 

 

 

 



 

 370 

 

 

 

 



 

 371 

Appendix 4.2. Ethics approval from CEOM 

 

 
 
 
 
GE13/0009  Project# 1941 
 
1 November 2013 
 
 
Prof D Manton 
Melbourne Dental School 
720 Swanston Street 
CARLTON VIC 3053 
 
 
Dear Professor Manton 
 
I am writing with regard to your research application received on 9 September 2013 
concerning your forthcoming project titled ‘Exploring Molar Hypomineralisation (MH)/ 
Molar-Incisor Hypomineralisation (MIH) amongst Australian and Chilean School 
Children.’ You have asked approval to involve a Catholic school in the Archdiocese of 
Melbourne, as you wish to involve students and parents. 
 
 
I am pleased to advise that your research proposal is approved in principle subject to the 
eight standard conditions outlined below.   
 
1. The decision as to whether or not research can proceed in a school rests with the 

school's principal, so you will need to obtain approval directly from the principal of the 
school that you wish to involve. You should provide the principal with an outline of your 
research proposal and indicate what will be asked of the school. A copy of this letter of 
approval, and a copy of notification of approval from the organisation’s/university's 
Ethics Committee, should also be provided.  
 

2. A copy of the approval notification from your institution’s Ethics Committee must be 
forwarded to this Office, together with any modifications to your research protocol 
requested by the Committee. You may not start any research in Catholic Schools until 
this step has been completed. 

 
3. A Working with Children (WWC) check – or registration with the Victorian Institute of 

Teaching (VIT) – is necessary for all researchers visiting schools. Appropriate 
documentation must be shown to the principal before starting the research in the 
school.   

 
4. No student is to participate in the research study unless s/he is willing to do so and 

informed consent is given in writing by a parent/guardian.  

1 of 2 
 

James Goold House , 228 Victoria Parade, East Melbourne VIC 3002 Tel: (+61 3) 9267 0228 Fax: (+61 3) 9415 9325 

Correspondence: PO Box 3, East Melbourne VIC 8002 Email: director@ceomelb.catholic.edu.au www.ceomelb.catholic.edu.au 

ABN 85 176 448 204  
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Prof D Manton  1 November 2013 

 
5. Any substantial modifications to the research proposal, or additional research involving 

use of the data collected, will require a further research approval submission to this 
Office. 

 
6. Data relating to individuals or the school are to remain confidential.   
 
7. Since participating schools have an interest in research findings, you should consider 

ways in which the results of the study could be made available for the benefit of the 
school community.  

 
8. At the conclusion of the study, a copy or summary of the research findings should be 

forwarded to the Catholic Education Office Melbourne. It would be appreciated if you 
could submit your report in an electronic format using the email address provided 
below. 

 
 
I wish you well with your research study. If you have any queries concerning this matter, 
please contact Ms Mirya ni Maegwin of this Office. 

The email address is apr@ceomelb.catholic.edu.au. 
 
 
Yours sincerely 
 

 
 
 
Anna Rados 
MANAGER ANALYSIS, POLICY & RESEARCH 

2 of 2 
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Appendix 4.3. Ethics approval from the HREC UoM. Chapter 4 
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Appendix 4.4. Ethics approval for amendments from HREC UoM. Chapter 4. 
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Appendix 4.5. Ethics approval for amendments from HREC UoM. Chapter 4 
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Appendix 4.6. Ethics approval from Bio-Ethics Committee Utal. Chapter 4.  
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Appendix 4.7. Plain language statement for schools 
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HREC 1340244 Version 3      03/02/2014 2 

Should you agree to participate, you will be asked to contribute in two ways. 

Firstly, we will ask you to distribute and collect written information and consent forms to 

parents of the children in your school. Secondly, we shall organise with you a mutually 

convenient time to examine the children. We anticipate that this will take approximately 20-

30 minutes per child. These examinations would take place in a common area of the school, 

where teachers or staff members could be available for assistance. However, we anticipate 

that minimal assistance is required from teachers/educators. Parents and guardians may 

attend, but are not obligated to do so. We will also take photos of the teeth from each of the 

children examined that will be used in this project and other closely related research 

projects in the future. These photos involve fluorescent imaging which is harmless to 

patients and examiners. The only equipment that we will need to borrow from you is a 
room and a desk. 

We believe that a dental examination would be extremely beneficial for children at 

your school, as 20% of the Australian children have not had their regular dental check-up in 

the last 12 months. In contrast, close to 30% of the Chilean population has never visited the 

dentist or have done it only once in the previous 5 years. Also, research on tooth decay and 

tooth enamel defects in school children in Australia and Chile is sparse. There is an impetus 

on dentists to investigate this important topic further to improve oral health among children. 

Poor dental health during childhood tends to translate to poor oral health outcomes in 

adolescence and adulthood. We ask you to join us and assist us in researching this topic. 

 We will protect the anonymity and the complete confidentiality of the children, 

within the limits of the law. The name and contact details of each child will be kept in a 

password-protected computer file separate from any data that you supply. We will de-

identify all information collected. 

 Please read the attached Parents Information Sheet. This contains details of 
what will be required of each child. 

 Once the research project has been completed, a brief summary of the findings will 

be available to you, if requested. An individual child’s report with the results of the 

examination will be provided only for parents/guardians. It is also possible that the results 

from this study will be presented at academic conferences and published in academic 

journals.  

 Please be advised that the participation of your school in this study is completely 

voluntary. If your school would like to participate in this study, we will then ask for 

individual consent from parents/guardians. Should any parent or guardian wish to withdraw 

from the project, they are free to do so at any stage, without prejudice.  

If you would like to include your school in this study, please indicate that you have 

read and understood this information by signing the accompanying consent form and 

returning it in the envelope provided. Alternatively, the form can be requested via email and 

sent back to teethschoolchildren@gmail.com. The researchers will then contact you to 

distribute the consent forms and subsequently arrange a mutually convenient time and 

conditions to schedule the dental examinations for the children. 

 

Should you require any further information, or have any concerns, please do not 

hesitate to contact either of the researchers via the e-mail address provided above or Dr. 

Karla Gambetta-Tessini, ph: 0420 277 637. Should you have any concerns about the 

conduct of the project, you are welcome to contact the Executive Officer, Human Research 

Ethics, The University of Melbourne, on ph: 8344 2073, or fax: 9347 6739. 
 

Thank you very much for your cooperation 
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Appendix 4.8. Plain language statement for parents and guardians 

 

 

 

 

 

 

Plain Language Statement for 

Parents/Guardians  

 

Name of Researchers: 

  

Research supervisor: 

Prof D Manton: djmanton@unimelb.edu.au 

 

Research co-supervisors: 

A/Prof R Mariño: rmarino@unimelb.edu.au   

A/Prof H Calache: Hanny.Calache@dhsv.org.au  

Dr A Ghanim: aghareed.mohammed@unimelb.edu.au  

 

Student Researcher:  

Dr Karla Gambetta-Tessini: karlag@student.unimelb.edu.au  

 

 

Project title: “Exploring Molar Hypomineralsation (MH)/Molar-Incisor 

Hypomineralsation (MIH) Amongst Australian and Chilean School Children” 

 

 

  

mailto:djmanton@unimelb.edu.au
mailto:rmarino@unimelb.edu.au
mailto:Hanny.Calache@dhsv.org.au
mailto:aghareed.mohammed@unimelb.edu.au
mailto:karlag@student.unimelb.edu.au
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Introduction 

We would like to invite your child to participate in our research project.  The 

aim of the study is to investigate the number of children (prevalence) with dental 

decay and developmental defects that affect tooth enamel in a population of 

schoolchildren in Australia and Chile.  Tooth decay is still common in children and 

can lead to pain and infection.  This preventable disease can affect growth, quality of 

life and is a strong predictor of future dental problems.  Developmental defects of 

tooth enamel such as Molar Hypomineralisation (MH) are conditions affecting the 

enamel (outer coating) of teeth, which causes the enamel to be very weak.   Affected 

enamel has less mineral and poor strength.  This often leads to enamel breaking down 

and becoming decayed.  Unfortunately, little is known about the possible cause/s of 

MH as well as the number of children affected in Australia and Chile.  How much 

caries can be caused by MH? This question is being researched at present. Therefore, 

valuable information can be obtained in this cross-country study, which includes 

communities with different caries experience.  In general, fewer than half of 

Australian children get tooth decay by the time they are 6 years old, whereas in 

Chilean children this rises to 70% and reaches 90% in disadvantaged children. 

This study will help in the improvement of both communities’ oral health, 

providing a clear picture, to local health authorities, of oral problems affecting 

children. Later, the authorities will be able to make sound decisions about 

implementing effective oral health preventive programs and funding plans.  

Through participating in this research your child will be offered a free dental 

examination, the results of which will be provided to you. The Human Research 

Ethics Committee of The University of Melbourne, The Department of Education and 

Early Childhood Development, The Catholic Education Office Melbourne (CEOM) 

and the Bio-Ethics Committee of The University of Talca have approved this project.  

 

 

What will you be asked to do? 

 Should you agree for your child to participate, you will be asked to contribute 

in an important way.  We will ask your child to be available for a brief dental 

examination that will take place in the primary school.  We expect that his/her teacher 

or a staff member could also be present.  You are welcome to be present at your 

child’s dental examination, but do not have to be.  Additionally, you will be given a 

short questionnaire regarding your child’s details to complete.  Please, keep in mind 

that during the short examination time your child will be out of class. 

 

What does the dental examination involve? 

 A qualified dentist, Dr. Karla Gambetta-Tessini, will carry out the dental 

examination on your child, which will take approximately 20 to 30 minutes. You may 

comfort your child during the exam, or if you are unavailable to attend, your child 

may choose to be supported by a staff member. Alternatively, your child may prefer 

to be seated in a chair. During the entire examination process, the dentist will wear 

latex-free disposable gloves. The examination process will go as follows: 
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1. The dentist will ask your child to brush his/her teeth with toothbrush and child 

strength fluoride toothpaste. Your child will be given the toothbrush and 

toothpaste to keep. 

2. For eye protection, your child will be asked to put a pair of sunglasses on. 

3. At the beginning of the dental examination, the teeth will be dried with cotton 

wool.  

4. The dentist will then complete a visual examination with a disposable dental 

mirror and probe.  

5. The dentist will voice record the dental findings and complete a confidential 

written report.   

6. In addition, photos of your child’s teeth may be taken with the aid of 

photographic mirrors. These photos will not identify your child. These photos 

include fluorescent imaging, which is harmless to patients and examiners. 

Photos from individual teeth will be kept indefinitely as contribution to an 

image library. You may choose not to have photos taken and complete only 

the oral examination.  

 

Does your child have to take part? 

 Participation is completely voluntary. If your child is at all upset at any stage 

of the process we will not carry on with the examination. Any child who is upset will 

be excluded from the study. We have included an information sheet for you to read to 

your child to help prepare them for the examination. You are most welcome to be 

present for your child’s dental check up. The school centre will provide details of the 

date and time of the dental exam.  

How will your child’s confidentiality be protected? 

 We will ensure that all the written information provided and the dental 

examination findings remain confidential. Therefore, the participants name will not be 

on forms or documents. We will keep a list of children assigned to numerical codes. 

Your child’s name and contact details will be kept in a password-protected computer 

file separate from any data that you supply. These details will only be able to be 

linked to your responses by the researchers, in order to know where we should send 

the findings of your child’s dental exam.  

 The results of your child’s dental exam will not be shared with staff or any 

other adults or children who may be in the school. Your child will not be mentioned 

in the final report.  The data will be kept securely in the Melbourne Dental School, 

The University of Melbourne, for at least five years. 

 

Photographs, data recorded and results arising for this study may be used in 

scientific journals and conferences, but your child’s name or facial features will not 

be shown. No identification of individuals will be possible.  

How will you receive feedback on your child’s dental check? 

 No dental treatment will be provided as part of this study. However, on the 

day of the dental exam we will complete a report of our findings. The report will be 

placed in a sealed envelope and issued directly to you when you collect your child. 
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We will also recommend how soon you should seek professional dental advice for 

your child. If we believe your child has any urgent dental treatment needs, we will 

contact you by telephone immediately after the examination. You are welcome to 

contact the researchers to discuss the findings of the examination. We will provide 

you with a list of dental services that you can access in your community.  

 

Participation is Voluntary 

 Please be advised that your child’s participation in this study is completely 

voluntary.  Should you wish to withdraw at any stage, or to withdraw any 

unprocessed data you have supplied, you are free to do so without prejudice. If you 

choose to withdraw your child after the dental examination you will still be contacted 

with the results of the examination.  

Where can you get further information? 

 Should you require any further information, or have any concerns, please do 

not hesitate to contact either of the researchers using the e-mail address given above.  

Should you have any concerns about the conduct of the project, you are welcome to 

contact the Executive Officer, Human Research Ethics, The University of Melbourne, 

on ph: 8344 2073, or fax: 9347 6739. 

 

Where can you find more information about Enamel Defects? 

 The website of The D3 Group www.thed3group.org contains material about 

enamel defects, which is suitable for both parents and affected children.  

 

How do you agree to participate? 

 If you would like to participate, please indicate that you have read and 

understood this information by signing the accompanying consent form and returning 

it to your child’s school in the envelope provided. An information sheet has been 

provided for you to read to your child. Alternatively, you may request for these 

documents via e-mail and return the forms directly to us at 

teethschoolchildren@gmail.com. You may also contact Dr Karla Gambetta-Tessini 

for more information on 0420 277 637. 

 

 

Thank you very much for your cooperation. 

 

 

 

 

 

http://www.thed3group.org/
http://www.thed3group.org/
http://www.thed3group.org/
http://www.thed3group.org/
http://www.thed3group.org/
http://www.thed3group.org/
http://www.thed3group.org/
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Appendix 4.9. Plain language statement for children 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 
I will use a big fun camera to take 
pictures of your teeth. 
 
 
 
 

 
 
 
 

Once I have counted your teeth 
you will be all finished and there 
will be a special present for you. A 
new toothbrush and toothpaste!!! 

 

Thank you for helping us to find 
out how healthy children’s teeth 
are! 

 
 

 
 

We are looking forward to 
meeting you and seeing your 
sparkling teeth!  

 
 
 

 
 
 
 
 
 
 

Information Sheet:  
To be read to 

Children 
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Hello  
 
My name is Karla and I would like 
to count your teeth to see how 
healthy and strong they are. 
 
Your parent/s are happy for me to 
have a look at your teeth while 
you are at school. I would like to 
tell you what I need to do to check 
your teeth. 
 
First your teacher will organise 
the class for teeth checking!  

 
 
 
 
 

 
When it is your turn I will ask you 
to clean your teeth with a 
toothbrush and some toothpaste. 
You can also show me how you 
brush at home. 
 
 
 
 
 
 
 
 
 
 
Then you will lie down or sit down 
and put some cool sunglasses on!  

 

 
 

Next I will ask you to open wide!  
You can practise at home!  

 
 
 
 
 
 
I will use a special mirror to count 
your teeth. I will use disposable 
mirrors and gloves. 
. 

 
 
and I will audio tape what I find 
 
 
 



 

 385 

Appendix 4.10. Consent form 

 1 

Consent Form for Children to Participate in the 
Research Project 

 
 

 

Name of Researchers: 
  
Research supervisor: 
Prof D Manton: djmanton@unimelb.edu.au 

 

Research co-supervisors: 
A/Prof R Mariño: rmarino@unimelb.edu.au  

A/Prof H Calache: Hanny.Calache@dhsv.org.au  

Dr A Ghanim: aghareed.mohammed@unimelb.edu.au   

 

Student Researcher:  
Dr Karla Gambetta-Tessini: karlag@student.unimelb.edu.au  
 

 

 

Project Title: “Exploring Molar Hypomineralisation (M H)/Molar-
Incisor Hypomineralisation (MIH) Amongst Australian and Chilean 
School Children” 
 

 
Name of child: 

Name of Primary School:  

 

1. I consent for my child to participate in this project. The details of the project 

have been explained to me, and I have been provided with a written plain 

language statement. 

 

2.  I understand that after I sign and return this consent form, it will be retained by 

the researchers. 

 

3. I understand that my participation will involve a confidential questionnaire 

providing background details and personal information relating to my child 

and I agree that the researchers may use the results as described in the plain 

language statement.  

 

4. I understand that my child’s participation will involve a dental examination at 

my child’s school and I agree that the researchers may use the results as 

described in the plain language statement. I understand that if my child is in 

any way upset by the dental examination it will not be continued. 

 

5.  I understand that I may choose to be present for my child’s dental examination. 

 

6. I acknowledge that: 

 

(a) The process of the examination procedure has been explained to my 

satisfaction; 
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 2 

(b) I have been informed that I am free to withdraw from the project at any 

time without explanation or prejudice and to withdraw any unprocessed data I 

have provided; 

 

(c) The project is for the purpose of research; 

 

(d) I have been informed that the confidentiality of the information I provide 

will be safeguarded subject to any legal requirements; school staff members 

will not have access to any information collected from me or my child; 

 

(e) My child will not be referred to in any publications arising from the 

research; 

 

(f) I have been informed that I will be provided with the results of my child’s 

dental examination; 

 

(g) If I wish to be present for the examination I must come at the time specified 

by the school administration. 

 

 

 

 

I consent to my child having a dental examination at their primary school (please tick)  
  

□ yes   □ no 

 

I consent to photos of my child’s teeth being taken (please tick)              
 

□ yes   □ no 

  

I wish to receive a copy of the summary project report on the research findings (please tick)   
 

□ yes    □ no 

 

I  wish to be present for my child’s dental examination (please tick)            
 

□ yes   □ no 
  

 

 

 

 

Parent / Guardian Name:  

 

 

 

 

Signature:  Date: 
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Appendix 4.11. Parental questionnaire 

 

 

Questionnaire 
Project Title: “Exploring Molar Hypomineralisation (MH)/Molar-Incisor  

Hypomineralisation (MIH) Amongst Australian and Chilean School Children” 

 
Child’s Name ____________________________________________________________  

 

School Name ____________________________________________________________  
 

Child’s Date of Birth ______/_______/______ 
 

Child’s Age _________yrs ________months   

 
Child’s Sex Male 5 Female 5 

 
Postcode ___________________________ 

 
Approximate family income per week (optional). Please tick a number 

 

1 Nil Income 

2  1-299 

3  300-599 

4 600-999 

5 1,000-1,499 

6 1,500-2,499 

7 2,500-3,499 

8 3,500-4,999 

9 5,000 or more 

 
Was your child born in Australia?   Yes 5 No 5 

 

I f NO, indicate country of birth please ________________________________________________  
 

How long has your family lived in Melbourne?_________________________________________ 
 

I f less than 5 years, where did your family live previously?_______________________________ 

 
 

Dental history: 
 

Has your child attended a dentist before?    Yes 5  No 5 

I f YES, was this for (please tick all that apply) 

  Routine check –up?      Yes 5  No5 

Emergency treatment?      Yes 5 No 5 

 

 

 
Contact information for parent/guardian  (please tick preferred method of contact) 

 

E-mail 5   ______________________________________________ 

Phone 5   ______________________________________________  
Mail 5   ______________________________________________  

 

 Parent / Guardian name 

 

Signature:  Date: 
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Appendix 4.12. Information for local oral health practitioners 
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Dental Examination-MH/MIH-EAPD                Examination Date ______/________/______     
School Name: ________________________________________Child’s ID_______________  
Child’s Name: _______________________________________ Age_______________DOB_____/_____/______ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scoring Criteria 

0 Enamel defect free 4 Yellow or brown demarcated opacities; No 

PEB 

8 Atypical caries 12 Diffuse opacities (Not  MH) 

 

1 White or creamy demarcated opacities; no post- eruptive 

enamel surface breakdown (PEB). 

5 Yellow or brown demarcated opacities; with 

PEB involves enamel only. 

9 Missing due to  MH 13 Hypoplasia (Not MH) followed by the  

letter: a) pits, b) groove, c) area 

2 White or creamy demarcated opacities; with PEB involves  

Enamel only 

6 Yellow or brown demarcated opacities; with  

PEB Involves loss of enamel associated with 

affected dentine. 

10 Partially erupted with evidence of  

MH 

14 Can’t be scored 

3 White or creamy demarcated opacities; with PEB involves  

loss of enamel associated with affected dentine. 

7 Atypical restoration 11 Unerupted/Partially erupted with no 
evidence of  MH 

Extent criteria: 1=<1/3; 2=>1/3<2/3; 3=>2/3 of tooth surface 
Cuspal Involvement use (ci) 

 Sensitivity present use *  and FPS-R code (0-10)   

Use Three-digit for combined lesions (i.e. 
combined hypomineralised & other lesions),  
 

Appendix 4.13. Record sheet 
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Modified ICDAS I I  and PUFA Examination Record.                                   Examination Date ______/________/______ 
School Name: ____________________________________________________Child’s ID_______________  
Child’s Name: _____________________________________________________Age_______________ DOB_____/_____/______ 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Restoration and Sealant Codes  Caries Codes   PUFA/pufa Index Codes 
0 = Not sealed or restored  0  =  Sound tooth surface    P/p= pulp involvement 
1 = Sealant, partial   A = Distinct visual change in enamel  U/u= ulceration 
2 = Sealant, full        F/f= fistula 
3 = Tooth coloured restoration  3  =  Enamel breakdown, no dentine visible  A/a= abscess 
4 = Amalgam restoration  4  = Dentinal shadow (not cavitated into dentine) 
5 = Stainless steel crown  5  =  Distinct cavity with visible dentine 
6 = Porcelain, gold, PFM crown or veneer 6  =  Extensive distinct cavity with visible dentine  
7 = Lost or broken restoration  
8 = Temporary restoration  Missing Teeth  
     97 = Extracted due to caries 
     98 = Missing for other reason  
     99 = Unerupted 
     999= Atypical Caries.  

 

A 2-digit code should be used 
+ PUFA/pufa index code letter. 
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Appendix 4.14. Child report 
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Appendix 4.15. Criteria used for clinical evaluation of carious lesions based on the 

ICDAS II  

ICDAS II 

Codes Definition Merged Codes Definition 

0 Sound tooth surface 0 Sound 

2 
Distinct visual change 

in enamel 
A 

Early Stage 

carious lesions 

3 
Localised enamel 

breakdown 

B 
Established 

carious lesions 

4 
Underlying dentine 

shadow 

5 
Distinct cavity with 

visible dentine 

C 
Severe carious 

lesions 

6 
Extensive cavity with 

visible dentine 

7 Restored   

8 Missing due to caries   

9 
Missing due to other 

reasons 
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Appendix 4.16. Criteria used for calculation of the caries experience based on WHO 

oral health surveys and ICDAS II. 

WHO criteria Definition Corresponding ICDAS II 

DMFT/dmft Caries experience index. Number of 

teeth with past and present established 

carious lesions 

Code > 2 + Code 7 + Code 8 

DT/dt Number of teeth with established 

carious lesions 
Code > 2 

Mt/mt Number of teeth that has been missing 

due to caries 
Code 8 

FT/ft  Number of teeth that has been treated 

or filled 
Code 7 

DMFS/dmfs Number of tooth surfaces with past and 

present established carious lesions 
Code > 2 + Code 7 + Code 8 

DS/dt Number of tooth surfaces with 

established carious lesions 
Code > 2 

MS/ms Number of tooth surfaces missing due 

to caries 
Code 8 

FS/fs Number of tooth surfaces that have 

been treated or filled 
Code 7 

D2MFT/d2mft Number of teeth with past carious 

lesions and present established and 

early stage carious lesions 

Code > 0 + Code 7 + Code 8 
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Appendix 4.17. Fourteen-points scoring system, representing a combination of the 

EAPD judgement criteria and mDDE index. 

 

0 Enamel defect free 4 Yellow or brown demarcated 

opacities; No PEB 
8 Atypical carious lesions 12 Diffuse opacities 

(Not DHL) 

1 White or creamy demarcated 
opacities; no post-eruptive enamel 

surface breakdown (PEB). 

5 Yellow or brown demarcated 
opacities; with PEB involves 

enamel only. 

9 Missing due to DHL 13 Hypoplasia 

(Not DHL)  

2 White or creamy demarcated opacities; 

with PEB involves enamel only 
6 Yellow or brown demarcated 

opacities; with PEB Involves 

loss of enamel associated with 

affected dentine. 

10 Partially erupted with 

evidence of DHL 
14 Can’t be scored 

3 White or creamy demarcated opacities; 

with PEB involves loss of enamel 

associated with affected dentine. 

7 Atypical restoration 11 Unerupted/Partially 

erupted with no evidence 

of DHL 

 

Use Three-digit for combined lesions (i.e. combined hypomineralised & other lesions) 

Lesion Extent: the proportion of the tooth surface affected for hypomineralisation. 1 = <1/3; 2 = >1/3<2/3; 3 = >2/3 of tooth surface  

Lesion severity: mild, hypomineralised lesions without PEB; moderate/severe, hypomineralised lesions with PEB, atypical restorations, atypical restorations and 

teeth missing owing to DHL. 
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                                          Appendix 5.1. Publication Chapter 5 

 

http://onlinelibrary.wiley.com/doi/10.1111/jicd.12259/full 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://onlinelibrary.wiley.com/doi/10.1111/jicd.12259/full
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http://onlinelibrary.wiley.com/doi/10.1111/jicd.12259/full 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://onlinelibrary.wiley.com/doi/10.1111/jicd.12259/full
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http://onlinelibrary.wiley.com/doi/10.1111/jicd.12259/full 
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http://onlinelibrary.wiley.com/doi/10.1111/jicd.12259/full 
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http://onlinelibrary.wiley.com/doi/10.1111/jicd.12259/full 
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http://onlinelibrary.wiley.com/doi/10.1111/jicd.12259/full 
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http://onlinelibrary.wiley.com/doi/10.1111/jicd.12259/full 
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Appendix 5.2. Ethics approval HREC UoM. Chapter 5 
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Appendix 6.1. Representative images eliminated from SOPROlife analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) severe carious lesions, (b) excessive light reflection (fluorescence image) and 

blurriness, (c) excessive light reflection in the fluorescence image (d) blurriness. 

 

(a) 

(b) 

(c) 

(d) 


