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“All human wisdom is contained in these two words: wait and hope.’
- Alexandre Dumas (1802—1870), The Count of Monte Cristo
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ABSTRACT

Molar-Incisor Hypomineralisation (MIH) presents substantial challenges for
dental professionals, children, and healthcare systems. The overarching aim of
this thesis was to investigate treatment aspects and outcomes of first permanent
molars (FPMs) affected by MIH from four complementary perspectives: the
tooth, the clinical, the patient, and society. Four studies were undertaken using
different methodological approaches, all embedded within the GuREx-MIH
project, a multicentre longitudinal trial.

Paper I explored clinical decision-making among Swedish general dentists,
orthodontists, and paediatric dentists through a survey. The study revealed
considerable variation in treatment preferences, with specialists more inclined
towards extraction of moderately and severely affected FPMs, while general
dentists more often favoured restorative options. The findings highlighted the
influence of professional experience, prognostic considerations, and reliance
on specialist recommendations in ambiguous cases.

Paper Il examined patient-reported outcomes following restorative or
extraction treatment of severely affected FPMs. Children, in both treatment
groups demonstrated improved oral health-related quality of life (OHRQoL)
and reduced dental fear and anxiety (DFA) by age eleven. Neither treatment
modality produced superior outcomes, suggesting that alleviation of



symptoms, rather than the specific intervention, is the primary determinant of
improved wellbeing.

Paper 111 evaluated eruption patterns of adjacent teeth in eleven-year-olds after
early extraction of FPMs using a split-mouth radiographic protocol. Maxillary
second permanent molars erupted more favourably on the extraction side,
while mandibular teeth showed no significant differences. No overeruption of
antagonistic molars was seen. Ratio-based measurements enabled reliable
assessment despite common positioning errors in panoramic images.

Paper IV assessed the cost-effectiveness of restorative versus extraction
therapy in eleven-year-olds. Extraction was associated with higher costs when
general anaesthesia was required but became more cost-efficient when
performed without it. Both treatments yielded similar improvements in oral
health-related quality of life, though a larger proportion of children in the
extraction group experienced a minimally important difference.

Conclusion: Based on data from eleven-year-olds, the studies provide a
multifaceted understanding of MIH management. Treatment decisions are
shaped by clinician experience and guideline awareness; children benefit
equally from restoration or extraction in terms of OHRQoL and DFA; early
extraction affects eruption patterns of adjacent teeth, mainly in the maxilla; and
health-economic outcomes are strongly influenced by the need for general
anaesthesia, which was the main factor making extractions more costly than
restorative treatment. The findings emphasise the importance of child-centred
care, careful timing of extractions, and efficient use of resources. They also
highlight the need for longer follow-up periods and updated assessments of
clinical practice.

Keywords: Molar-Incisor Hypomineralisation, developmental enamel defects,
paediatric dentistry
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SAMMANFATTNING PA SVENSKA

Molar-Incisor Hypomineralisation (MIH) innebér betydande utmaningar for
tandvarden, barnen och hélso- och sjukvérdssystemet. Syftet med denna
avhandling var att undersoka behandling och utfall for forsta permanenta
molarer (FPM) drabbade av MIH utifrdn perspektiven: tanden, kliniken,
patienten och samhillet. Fyra studier genomfordes inom GuREx-MIH-
projektet, en multicenterstudie med longitudinell design.

Studie I undersokte kliniskt beslutsfattande hos svenska allméintandlédkare,
ortodontister och pedodontister genom en enkit. Studien visade betydande
variation i behandlingspreferenser: specialister var mer benégna att extrahera
mattligt och gravt pdverkade FPM, medan allméintandlékare oftare foredrog
restaurativa behandlingar.

Studie II utvarderade patientrapporterade utfall efter restaurativ behandling
eller extraktion av gravt drabbade FPM. Barn i bada behandlingsgrupperna
uppvisade forbattrad oral hélsorelaterad livskvalitet och minskad
tandvardsridsla vid elva érs alder. Behandlingarna visade sig vara likvirdiga,
vilket tyder pa att symtomlindring, snarare dn vald behandlingsmetod, &r den
avgorande faktorn for forbattrat valbefinnande.

Studie III analyserade eruptionsmonstret hos angrinsande tidnder efter tidig
extraktion av FPM, med hjdlp av en split-mouth design. Vid elva ars alder
erupterade den andra permanenta molaren 1 Overkdken snabbare och mer
mesialt pa extraktionssidan, medan de mandibuldra tdnderna inte uppvisade
nagra betydande skillnader. Ingen 6vereruption av antagonister observerades.

Studie IV beddmde kostnadseffektiviteten av restaurativ behandling jamfort
med extraktion vid elva érs alder. Resultaten visade att extraktion var forenad
med hogre kostnader nir narkos krdvdes, men blev mer kostnadseffektiv nir
ingreppet kunde utforas utan narkos. Bada behandlingarna ledde till likvardiga
forbéattringar i oral hélsorelaterad livskvalitet.

Slutsats: Avhandlingen visar att behandlingsval for MIH paverkas av klinisk
erfarenhet och att barn far forbattrad oral hilsorelaterad livskvalitet oavsett
behandlingsmetod, att extraktion framst paverkar eruptionsmonstret i
overkdken och de hédlsoeckonomiska resultaten paverkades av behovet av
narkos, vilket frimst gjorde extraktioner dyrare dn restaurativ behandlig.
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1 INTRODUCTION

Imagine being a young child with teeth that hurt almost every day, teeth so
sensitive that even cold air causes discomfort, brushing becomes painful, and
enjoying an ice cream or a warm meal with friends feels impossible. This is
the everyday reality for many children living with Molar-Incisor
Hypomineralisation (MIH).

MIH is a condition that affects the enamel of the first permanent molars and
often the incisors. What makes it particularly frustrating is that these children
have done nothing wrong. They brush their teeth, they visit the dentist, and still
they suffer. The enamel is weakened, causing tooth pain, hypersensitivity, and
rapid breakdown of the affected teeth. As a result, these children need to visit
the dentist more frequently than other children.

The emotional and practical burden of MIH can be significant for the patient.
Constant discomfort, embarrassment about discoloured or broken teeth, and
recurring dental appointments can all take a toll on a child’s confidence and
daily wellbeing. Brushing may become a painful task, and simply breathing in
cold air can trigger sharp pain.

From a dental care perspective, MIH presents complex challenges. Long-term
treatment planning is difficult due to the unpredictable progression of the
condition. The affected teeth are often difficult to anaesthetise, making even
simple procedures stressful for both the child and the clinician. Dental
professionals must constantly balance the need to provide effective care with
the need to ensure the experience is as pain-free and gentle as possible. Despite
good efforts, treating MIH-affected teeth can be time-consuming and
emotionally demanding. Early decisions must be made about whether a tooth
can be preserved or whether extraction is in the child’s best interest.

MIH also has wider implications for the healthcare system, families, and
society. These teeth often require urgent and resource-intensive care, and
children frequently need repeated dental visits. This not only puts pressure on
healthcare resources but also affects families, as parents often need to take time
off work or school to accompany their child to appointments. Since healthcare
resources are limited, it is crucial to make timely and effective clinical
decisions. This is precisely the goal of health economics, to ensure that
resources are used where they are most needed.
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2 BACKGROUND

2.1 TOOTH PERSPECTIVE
2.1.1 AMELOGENESIS AND ENAMEL DEFECTS

Amelogenesis is a tightly regulated process in which ameloblasts undergo
distinct morphological changes through several stages: presecretory, secretory,
transition, and maturation, to produce enamel. Throughout this sequence,
enamel proteins are secreted, modified, and gradually replaced by minerals,
ultimately forming the highly mineralised and hardened enamel layer. Tooth
development is a highly complex process that begins during the foetal period
and extends into adulthood (Uchida et al. 1991). Throughout this period,
various factors can influence tooth development, leading to defects that
become evident when the teeth eventually erupt. As the enamel-forming cells
known as ameloblasts degenerate during tooth eruption, these enamel defects
remain (Dassule et al. 2000).

These defects can be categorised based on different stages of enamel
development, providing valuable insights into their underlying causes. In most
cases, the exact aetiology remains unknown and can involve a combination of
factors related to heredity, environment, and the extent of damage, whether it
is general or localised (Suckling 1989). The defects are broadly classified into
two types: enamel hypoplasia and enamel hypomineralisation. Hypoplasia
signifies a quantitative defect (Sabel et al. 2010), occurring due to disturbances
in the formation of the enamel matrix during the secretion phase. On the other
hand, hypomineralisation refers to a qualitative defect resulting from
disturbances in the mineralisation of the matrix during the maturation phase.
The hypomineralisation can manifest in various ways, including colour
changes, surface irregularities, and breakdown of the enamel after eruption
(FDI Working Group 1992).

2.1.2 AETIOLOGY OF ENAMEL DEFECTS

Enamel defects can be classified as either generalised or localised. Generalised
defects affect multiple teeth and may arise from genetic conditions such as
amelogenesis imperfecta (Aldred et al. 2003). Generalised developmental
disturbances may also result from environmental or systemic influences during
the entire enamel formation period, such as illnesses, fever episodes,
malnutrition, or the use of certain medications (Wong et al. 2014; Seow 2014).
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Nutritional deficiencies, particularly of vitamin D and calcium, have been
linked with an increased risk of enamel hypoplasia and hypomineralisation
(Collignon et al. 2022; Li et al. 2023). Furthermore, exposure to environmental
pollutants; for instance, excessive fluoride intake, can lead to dental fluorosis
and disrupt normal enamel mineralisation (Warren and Levy 1999). In many
cases, the underlying aetiology remains unknown, which complicates
prevention and management of enamel defects. Generalised defects tend to
present symmetrically in teeth developing at the same time, often involving
several quadrants of the dentition.

Localised enamel defects, in contrast, usually affect only one or a few teeth
and are most often linked to trauma or infection of the primary predecessors
during odontogenesis (Caeiro-Villasenin et al. 2022). Unlike generalised
defects, they are asymmetrical and confined to the permanent successors of the
injured or infected primary teeth. Such local insults can disrupt ameloblast
activity at a specific developmental stage, producing sharply demarcated and
circumscribed structural defects in an otherwise unaffected dentition.

2.1.3 MOLAR-INCISOR HYPOMINERALISATION

During the late 1970s, when the caries prevalence declined, researchers
brought attention to a previously unrecognised tooth defect affecting one or
more recently erupted first permanent molars (FPM). These teeth displayed
opaque, well-defined opacites, with enamel breakdown occurring shortly after
eruption. Although the permanent incisors can also be affected, the severity is
usually milder. (Koch et al. 1987)

In an epidemiologic study by Koch et al. (1987), it was revealed that 15.4% of
children born in 1970 had this defect. During the EAPD Congress in 2001,
experts agreed to name this condition Molar-Incisor Hypomineralisation
(MIH), and defined it as well-demarcated opacities on one to four of the FPMs
and in some cases the incisors (Weerheijm et al. 2001). Prior to this, it had
various other names such as “hypomineralised permanent first molars,”
“idiopathic enamel hypomineralisation of the permanent first molars,” “non-
fluoride hypomineralisation of permanent first molars”, and “cheese molars”
(Weerheijm et al. 2001). In nearly half of all cases, the maxillary or mandibular
permanent incisors are also affected, in addition to the FPMs. These anterior
opacities typically present as whitish, yellow, or brown well-demarcated
discolorations, and are generally less prone to structural breakdown than the
molars (Jalevik et al. 2019).
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Histological studies of teeth affected by MIH have revealed marked alterations
in the enamel structure compared with sound enamel. The enamel in affected
areas is hypomineralised, with a reduced mineral density and increased
porosity (Jdlevik and Norén 2000). Instead of the tightly packed
hydroxyapatite crystals seen in normal enamel, MIH-affected enamel contains
loosely arranged, disorganised prisms, resulting in a soft and chalky
consistency. The enamel prism structure is irregular, and the interprismatic
spaces are widened, contributing to the reduced hardness of the enamel
(Fagrell et al. 2010). A typical feature is the presence of a distinct border
between healthy and affected enamel, where the transition from sound to
porous tissue is abrupt (Figure 1). Polarised light and microradiographic
studies have demonstrated that the depth of hypomineralisation may vary,
sometimes extending through the full enamel thickness (Fearne et al. 2004).
The protein content is increased due to incomplete removal of enamel matrix
proteins during maturation, which further compromises mineralisation and
mechanical strength (Mangum et al. 2010). Histological evidence suggests that
MIH-affected teeth are prone to pulpal inflammation (Rodd et al. 2007).

Figure 1. Light microscopy image of a longitudinal section of a human first
permanent molar, affected by Molar-Incisor Hypomineralisation, showing the
enamel and dentin structure. Examined with a Leica M80 stereomicroscope (zoom
range 0.75%-6%). The enamel on the right cusp exhibits a distinct hypomineralised
defect, whereas the enamel on the left side appears intact.

Image courtesy of Dr Tobias Fagrell, DDS.
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Nowadays, approximately 13% of children globally present with
hypomineralisation of the enamel in their FPMs (Schwendicke et al. 2018).
The exact cause of MIH remains uncertain, but it is increasingly recognised as
multifactorial, involving both environmental exposure and genetic
susceptibility. The underlying mechanism is thought to be a disturbance of
ameloblast activity during the late secretory or early maturation phase of
enamel development (Weerheijm et al. 2001; Jédlevik and Norén 2000). A wide
range of factors has been proposed. Perinatal and neonatal complications such
as preterm birth, low weight at birth, hypoxia, caesarean section, and
complicated deliveries have repeatedly been discussed as possible contributors
(Whatling and Fearne 2008; Crombie et al. 2009; Lygidakis et al. 2008). Early
childhood illnesses, particularly those associated with high fever or respiratory
tract infections like asthma, bronchitis, pneumonia, otitis media, and tonsillitis,
have also been suggested to play a role, with systemic inflammation and
hypoxia believed to compromise ameloblast function (Jélevik and Norén 2000;
Crombie et al. 2009; Beentjes et al. 2002). The use of antibiotics, especially
amoxicillin, has likewise been proposed as a risk factor, although it remains
unclear whether the medication itself or the underlying infection is responsible
(Arrow 2009; Silva et al. 2016; Afzal et al. 2024).

Other potential contributors include environmental contaminants such as
dioxins, polychlorinated biphenyls, and bisphenol A, which may interfere with
ameloblast function (Alaluusua et al. 1996; Jedeon et al. 2013), as well as
nutritional deficiencies, particularly inadequate vitamin D or calcium intake
during enamel formation (Sonmez et al. 2013). In recent years, genetic factors
have received increasing attention, with evidence of familial clustering and
associations between MIH and polymorphisms in genes related to enamel
development, such as ENAM, AMELX, and MMP20 (Jeremias et al. 2016;
Kiihnisch et al. 2014; Hocevar et al. 2020). Despite the large number of
suggested causes, no single factor has been consistently confirmed across
populations. Current evidence instead points to MIH as the result of a complex
interplay between systemic insults in early life and individual biological
vulnerability. The aetiology of MIH remains unresolved, and the condition is
best understood within a multifactorial model (Crombie et al. 2009; Pang et al.
2020; Bussaneli et al. 2022).

2.1.3.1 DIAGNOSTIC CRITERIA

Diagnosing MIH requires reliable and standardised indices to ensure consistent
identification and classification of clinical findings. The European Academy
of Paediatric Dentistry (EAPD) has provided widely used diagnostic criteria,
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focusing on the presence of demarcated opacities, post-eruptive enamel
breakdown, atypical restorations, and extractions attributed to MIH. Typically,
one to four FPMs are affected, often in combination with incisors, although the
degree of involvement can vary widely between teeth, even within the same
individual (Figure 2). Based on these findings, teeth are categorised as having
mild or severe MIH according to the EAPD criteria, depending on clinical
severity and the presence of symptoms such as hypersensitivity and structural
breakdown. Importantly, MIH is usually diagnosed around the age of eight
years, when all FPMs and most permanent incisors have erupted, providing the
clinician with a reliable basis for assessment. (Lygidakis 2012)

Figure 2. Intraoral clinical photographs of a seven-year-old girl, taken by the author
as part of the GuREX-MIH project. According to the anamnesis, the child experiences
constant sensitivity in the posterior molars and food impaction. (a) Intraoral occlusal
view of the maxilla showing post-eruptive enamel breakdown of tooth 16 due to molar-
incisor  hypomineralisation —(MIH), with subsequent dentin caries, and
hypomineralisation without post-eruptive breakdown of tooth 26. (b) Intraoral
occlusal view of the mandible showing post-eruptive enamel breakdown of teeth 46
and 36 due to MIH, with subsequent dentin caries.

In addition to the EAPD criteria, the Wiirzburg MIH Treatment Need Index
(MIH-TNI) was developed as a more comprehensive instrument for both
individual clinical assessment and epidemiological studies. The MIH-TNI
evaluates the extension of enamel destruction and the presence of
hypersensitivity, which are the two most critical factors influencing treatment
planning. It classifies teeth into five index levels (0-4), ranging from no signs
of MIH (Index 0) to severe cases with extensive enamel breakdown and
hypersensitivity (Index 4). It is created to be used for the assessment of
individual teeth or entire sextants and provides practical guidance for treatment
needs. By incorporating both clinical findings and patient-reported discomfort,
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the MIH-TNI allows for more needs-based treatment planning. (Steffen et al.
2017)

To establish a diagnosis of MIH, at least one FPM, the index tooth, must be
affected. Beyond the FPM and incisors, MIH can also affect other teeth. The
term hypomineralised second primary molar (HSPM) has been introduced to
describe demarcated opacities of the same type as MIH occurring in the second
primary molars (Elfrink et al. 2012). Although research remains limited,
several studies have demonstrated that HSPM is a significant predictor of MIH,
with children presenting HSPM, particularly in a mild form, being at increased
risk of developing MIH in their permanent dentition (Garot et al. 2018). Cases
of hypomineralisation in permanent canines have also been reported,
broadening the clinical spectrum of the condition (Schmalfuss et al. 2016).

To encompass this variability, a concept of Molar Hypomineralisation (MH)
was introduced, acknowledging that hypomineralisation is not confined to
incisors and first molars but can also occur in other permanent and primary
teeth, albeit less frequently. This expanded terminology underlines the clinical
heterogeneity of hypomineralisation and highlights the importance of
comprehensive dental examinations to identify all affected teeth. (Hubbard et
al. 2017)

2.2 CLINICAL PERSPECTIVE
2.2.1 ORAL EXAMINATION

The severity of MIH can differ, causing colour changes from creamy white to
yellow-brown opacities and often leading to post-eruptive breakdowns soon
after the teeth erupt. In many cases, teeth with poorly mineralised enamel are
more susceptible to decay shortly after eruption (Lygidakis et al. 2022).
Research by Jélevik and Norén (2000) revealed that the hypomineralised
enamel disorder was well-defined, and the enamel in the cervical third of the
tooth was typically normal. The symptoms experienced by patients with MIH
are correlated with the extent of enamel damage, and patients may face
difficulties in eating and brushing their teeth, and experience tooth sensitivity
to temperature changes (Weerheijm et al. 2001). Recent epidemiological
findings show that severe MIH is strongly associated with a higher likelihood
of hypersensitivity, dentine-level caries, and more extensive involvement of
incisors (Afzal et al. 2024).
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Figure 3. Panoramic radiograph of a seven-year-old girl, obtained by the author as
part of the GuREX-MIH project for treatment planning of all first permanent molars
(FPMs) affected by Molar-Incisor Hypomineralisation (MIH). The radiographic
evaluation reveals substantial structural loss involving all FPMs, with extensive
lesions (>% of the dentin depth). In addition, the developing tooth germs of all other
permanent teeth are present.

Dental radiography plays a vital role in paediatric dentistry, supporting
diagnosis, treatment planning, and monitoring of oral development. Common
imaging modalities include intraoral radiographs, such as bitewings and
periapical radiographs for detecting caries, assessing root development, and
evaluating periapical pathology, as well as panoramic radiographs, which offer
a broad view of the jaws, dentition, and surrounding structures in a single
image (Wenzel 2006).

In the context of MIH, radiographs are essential for assessing the extent of
post-eruptive enamel breakdown, detecting dentine caries adjacent to
hypomineralised enamel, and monitoring the condition of successor teeth when
planning extractions of severely affected FPMs (Williams and Gowans 2003).
Panoramic imaging further supports decision-making in cases where early
extraction of compromised FPMs is indicated, as it provides information about
the developmental stage and angulation of second permanent molars and
premolars, allowing the clinician to predict space closure and eruption patterns
(Jalevik and Moller 2007; Cobourne et al. 2014).

The panoramic radiograph technique is sensitive to patient positioning, and
even minor deviations such as head tilt, rotation, or incorrect chin placement
may result in magnification errors and distortions that compromise
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measurement accuracy (Granlund et al. 2011; Stramotas 2002). Despite these
limitations, previous studies have demonstrated that when panoramic
radiographs are properly calibrated and consistently used within individuals,
ratios of linear and angular measurements can remain reliable over time
(Stramotas et al. 2008; Flores-Mir et al. 2014). Radiographs are commonly
used in cases of MIH to evaluate post-eruptive enamel breakdown, detect
dentine caries associated with post-eruptive enamel loss, and assess the status
of adjacent or successor teeth, particularly when planning early extraction or
restorative interventions (Williams and Gowans 2003).

2.2.2 TREATMENT STRATEGIES

The management of FPMs affected by MIH is largely dictated by the severity
of the defect, as the extent of enamel breakdown determines whether
restorative or extraction-based approaches are most appropriate (Lygidakis et
al. 2022). Since MIH-affected teeth are more susceptible to caries, early
detection and intervention are essential (Jeremias et al. 2013; Bullio Fragelli et
al. 2015). Children often experience hypersensitivity, which can lead to
avoidance of toothbrushing and compromise oral hygiene. This makes it
important to provide repeated, reinforced instruction in both oral hygiene and
diet, directed at both children and their caregivers. Preventive care should also
include the application of topical fluoride varnish, which reduces caries risk in
permanent teeth (Marinho et al. 2013; Toumbea et al. 2019). Evidence indicates
that despite regular fluoride varnish application, MIH-affected molars retain a
higher risk of post-eruptive breakdown and caries (Bullio Fragelli et al. 2015).

Studies have shown that products containing casein phosphopeptide—
amorphous calcium phosphate (CPP-ACP), such as Tooth Mousse, are
associated with significant reductions in hypersensitivity, as the bioactive
complex provides a sustained release of calcium and phosphate ions that helps
rebuild the mineral content of enamel and form a protective surface layer.
(Pasini et al. 2018). Similarly, formulations containing 8% arginine and
calcium carbonate promote the formation of a calcium-rich deposit that seals
dentinal tubules and reduces fluid movement, resulting in rapid symptom relief
(Bekes et al. 2017). In addition, hydroxyapatite-based toothpastes have been
reported to mimic natural enamel and contribute to surface remineralisation,
further decreasing the sensitivity in MIH-affected teeth (Ehlers et al. 2021).
For fully erupted molars, resin-based fissure sealants represent the preferred
preventative option to protect against caries (Zollner et al. 2024). The use of
an adhesive system during placement has been shown to increase retention
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rates, making this approach especially valuable (Lygidakis et al. 2009; Fragelli
etal. 2017).

In more severe cases, where enamel breakdown or carious lesions are present,
treatment decisions become complex and must carefully weigh the benefits of
restoration against extraction. Given that MIH-affected enamel is structurally
and chemically weakened, with increased porosity, reduced hardness and
elasticity, and altered mineral composition, the choice of treatment should be
guided by the expected long-term prognosis. Selecting an approach that offers
the most durable and predictable outcome is essential to ensure long-term oral
health and minimise the need for repeated interventions. (Elhennawy et al.
2019)

Composite resin continues to be one of the most frequently used restorative
materials for MIH-affected molars, particularly when isolation with a rubber
dam allows adequate control of moisture. Several studies have demonstrated
high short-term success rates, although long-term outcomes tend to vary
(Lygidakis et al. 2003; Mejare et al. 2005; Rolim et al. 2021). The longevity of
composite restorations largely depends on the complete removal of porous and
structurally compromised enamel, as bonding to hypomineralised tissue is
often unreliable due to its increased organic content and altered mineralisation
(Lagarde et al. 2020). To optimise adhesion, the use of self-etching or selective
enamel etching systems has been recommended, while pretreatment with
sodium hypochlorite may enhance resin infiltration by eliminating organic
residues (Lagarde et al. 2020). Glass ionomer can be useful alternatives or
temporary restorations, particularly when ideal isolation is difficult to achieve,
as these materials offer chemical bonding to tooth structure(Fragelli et al.
2015).

Full-coverage options are often required for teeth with extensive breakdown.
Preformed metal crowns provide durable coverage, relieve hypersensitivity,
and maintain occlusal function, with high reported success rates (Kotsanos et
al. 2005). Preparation is usually necessary to achieve a proper fit, and while
interim changes in occlusion are expected, long-term periodontal effects
remain under investigation. Laboratory-fabricated indirect restorations,
including metal onlays, indirect composite, and ceramics, have also been used
successfully in severe cases (Zagdwon et al. 2003; Dhareula et al. 2019; Linner
et al. 2020).
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In situations where the prognosis for restorative treatment is poor, extraction
of the affected FPM may be the most suitable option. This decision is
multifactorial, depending on factors such as dental development, occlusion,
presence of crowding, and patient preferences. Extraction of FPMs preformed
between eight and ten years of age, ideally before the eruption of the second
permanent molars, are associated with favourable outcomes, as mesial
migration often allows for spontaneous space closure (Thilander and Skagius
1970; Jilevik and Moller 2007; Aldahool et al. 2024). Nevertheless,
spontaneous space closure is not guaranteed, and unfavourable movements,
such as tipping of adjacent teeth, may require orthodontic intervention
(Eichenberger et al. 2015). Guidelines recommend extraction in severe MIH
cases with poor prognosis. The Swedish National Guidelines support
extraction in children aged 6-11 years, and the Royal College of Surgeons of
England also endorses this approach for teeth with uncertain long-term
outcomes  (Socialstyrelsen 2022; RCSEng 2023). Despite such
recommendations, treatment practices vary considerably. Surveys reveal that
many clinicians continue to favour restorative approaches, even for severely
affected teeth (Taylor et al. 2019; Dastouri et al. 2019).

A patient-centred approach to decision-making is essential, children and their
parents value professional guidance, their preferences are often
underrepresented in final treatment choices, underscoring the need to consider
each child’s developmental maturity and capacity to participate in shared
decision-making to ensure ethical and truly patient-centred care (Taylor et al.
2024). Treatment decisions should be guided by long-term, sustainable
strategies that reduce the likelihood of future interventions. Because FPMs are
particularly vulnerable during eruption, they may otherwise enter a lifelong
cycle of restorative care. Early preventative action therefore often represents
the approach associated with the lowest overall treatment burden for the child
(Taylor and Bulmer 2025).

2.3 PATIENT PERSPECTIVE

Children affected by MIH represent a particularly vulnerable group of dental
patients. They are young, often around six years of age when FPMs and
incisors erupt, and as such they are developmentally immature, lack treatment
experience, and are more sensitive to pain and discomfort (Jélevik and
Klingberg 2002)(Weerheijm et al. 2001). MIH frequently causes
hypersensitivity and spontaneous pain, especially when the enamel is
hypomineralised and when post-eruptive breakdown has occurred. These
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symptoms can complicate daily activities such as eating, toothbrushing, and
drinking cold fluids, which, in turn, can affect the child’s quality of life in
respect of oral health negatively (Jalevik et al. 2022).

When anterior teeth are involved, the psychological and social impact becomes
even more pronounced. Hypomineralised incisors, which often present with
visible white, yellow, or brown opacities, may compromise the child’s dental
aesthetics and lead to embarrassment, reduced self-esteem, or reluctance to
smile (Sezer et al. 2025; Gomes et al. 2025). Thus, the clinical consequences
of MIH extend beyond physical pain to include emotional and social
dimensions, which must be considered in treatment planning and patient
support (Sekundo et al. 2024).

2.3.1 PATIENT-REPORTED OUTCOME MEASURES

Patient-Reported Outcome Measures (PROMs) are standardised instruments
designed to capture patients’ self-assessment of their health status, functional
wellbeing, and quality of life. PROMs differ from clinician-reported outcomes
by focusing on the patient’s perspective and emphasising their subjective
experiences of health conditions and treatments (Black 2013; Weldring and
Smith 2013).

The primary purpose of PROMs is to assess the impact of disease and medical
interventions on patients’ daily lives, providing insight into outcomes that may
not be evident through clinical evaluations alone (Greenhalgh et al. 2018).
PROMs play a critical role in patient-centred care by facilitating a better
understanding of patients’ health experiences, improving communication
between patients and healthcare providers, and guiding clinical decision-
making (Black 2013).

In research, PROMs contribute to evaluating treatment outcomes, guiding
healthcare policies, and supporting cost-effectiveness analyses. In clinical
practice, they facilitate shared decision-making, enhance patient
communication, and ensure that treatment plans align with patient needs and
expectations (Black 2013).

PROMs can also serve as an educational and developmental tool, particularly
in paediatric dentistry. For children, responding to PROMs encourages
reflection on their own experiences and helps them articulate symptoms,
emotions, and treatment-related concerns that might otherwise remain
unspoken. This process fosters communication skills and empowers the young
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patient to participate more actively in their care. By asking structured yet age-
appropriate questions, clinicians signal that the child’s voice matters,
reinforcing trust and helping the child learn to express discomfort, preferences,
and fears in future healthcare encounters. (Raat et al. 2006; Eiser and Morse
2001)

In children with MIH, PROMs have highlighted the significant burden of
symptoms such as hypersensitivity, pain during eating and toothbrushing, and
the need for repeated dental interventions, all of which affect oral health-
related quality of life negatively (Jélevik and Klingberg 2002; Samha et al.
2025). Importantly, when incisors are affected, PROMs show that the
psychosocial impact increases considerably. Visible white, yellow, or brown
opacities on the anterior teeth can compromise aesthetics and lead to
embarrassment, reduced self-esteem, and reluctance to smile or engage
socially (Hasmun et al. 2020). These findings emphasise that MIH is not only
a clinical condition but also one that affects the child’s daily life, wellbeing,
and social participation. PROMs therefore provide valuable insights into the
broader consequences of MIH, underlining the importance of integrating
patient experiences into both treatment planning and research.

2.3.2 ORAL HEALTH-RELATED QUALITY OF LIFE

Quality of life is influenced by wvarious factors, including health and
socioeconomics. Oral diseases like caries and tooth loss can negatively impact
quality of life, leading to pain, difficulty eating, functional limitations, and
aesthetic concerns. A person’s expectations and experiences also shape their
perception of quality of life (Peres et al. 2019).

There are numerous tests available to measure quality of life, adapted to
specific age groups and covering various perspectives, including dental care,
healthcare, and financial aspects. Oral health-related quality of life (OHRQoL)
considers a patient’s perception of their oral health and orofacial concerns in
relation to their overall quality of life (Garratt 2002). Patients with MIH may
experience reduced OHRQoL, especially concerning oral symptoms and
functional limitations (Jdlevik et al. 2022). Studies from Brazil, Germany,
Mexico, and Australia consistently report significantly lower OHRQoL scores
in children with MIH compared with unaffected children (Portella et al. 2019;
Joshi et al. 2022; Elhennawy et al. 2022; Shields et al. 2025; Gutiérrez et al.
2019). The most affected domains are oral symptoms and functional
limitations, reflecting hypersensitivity, pain, and difficulties during eating and
toothbrushing (Dantas-Neta et al. 2016; Jilevik et al. 2022). Effects on
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emotional and social wellbeing are also observed, particularly when anterior
teeth are involved, though results are less consistent across studies (Joshi et al.
2022; Gutiérrez et al. 2019).

The degree of enamel damage plays a decisive role in determining the impact
of MIH on OHRQoL, as children with more extensive or structurally
compromised enamel report a markedly greater reduction in OHRQoL than
children with mild forms (Elhennawy et al. 2022). Similarly, Sekundo et al.
(2024) found that even after restorative or preventive treatment, OHRQoL
remained lowest among children with the most severe manifestations. Severe
MIH and involvement of the incisors have been shown to cause the most
pronounced decline in self-reported OHRQoL (Shields et al. 2025).

OHRQoL is a multidimensional concept that encompasses a person’s
perception of how oral health affects their physical, psychological, and social
wellbeing. Several instruments have been developed to measure OHRQoL,
each designed to capture different domains such as oral symptoms, functional
limitations, emotional wellbeing, and social impact (Sischo and Broder 2011).

One of the instruments for measuring OHRQoL is the Oral Health Impact
Profile (OHIP), which exists in different versions, including OHIP-49 (the full
version) and OHIP-14 (a shortened version). The OHIP measures the impact
of oral health on daily life through domains such as functional limitation,
physical pain, psychological discomfort, physical disability, psychological
disability, social disability, and handicap (Slade and Spencer 1994).

For paediatric populations, the Child Oral Health Impact Profile (COHIP) is
commonly used. The COHIP was developed to assess the self-reported oral
health impact in children and includes dimensions such as oral symptoms,
functional wellbeing, emotional wellbeing, school environment, and social
wellbeing (Broder et al. 2007).

The Child Perceptions Questionnaire (CPQ) is a widely used instrument for
assessing OHRQoL in paediatric populations, focusing on children and
adolescents in particular. The CPQ measures the impact of oral health
conditions on children’s daily lives through four main domains: oral
symptoms, functional limitations, emotional wellbeing, and social wellbeing
(Jokovic et al. 2002). Different versions of the CPQ are available for specific
age groups, including the CPQ8-10 and the CPQI11-14, ensuring that the
assessment is developmentally appropriate. In addition to the original four-
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domain approach to provide a comprehensive assessment, others apply a two-
domain structure that combines oral symptoms and functional limitations into
a physical domain, and emotional and social aspects into a psychosocial
domain, allowing for simpler interpretation of results (Jokovic et al. 2004).

2.3.3 DENTAL FEAR AND ANXIETY

From a patient’s perspective, dental fear and anxiety (DFA) can manifest as
both emotional distress and behavioural challenges during dental treatment.
Dental fear involves feelings of anxiety and apprehension in dental situations,
whereas behavioural problems refer to uncooperative actions that interfere
with the delivery of care. These components often occur simultaneously,
making it difficult to separate emotional from behavioural responses in a
clinical context. The aetiology of DFA is multifactorial, encompassing
individual predispositions, environmental influences, and previous dental
experiences. Importantly, the child’s age is a key factor, as younger children
may lack the cognitive and emotional maturity to manage dental procedures,
whereas older children, with a higher degree of psychological development,
are typically better equipped to cope with treatment situations. (Klingberg and
Broberg 2007)

An individual’s temperament has also been associated with the risk of
developing DFA. A study by Arnrup et al. (2002) identified four traits linked
to DFA: shyness, negative emotion, overactivity, and impulsivity. Moreover,
children with neuropsychological diagnoses, primarily attention deficit
hyperactivity disorder (ADHD), may exhibit a greater tendency toward DFA
(Faraone et al. 2003). External factors such as socioeconomic background can
also influence the development of DFA, with those from lower socioeconomic
backgrounds showing a higher degree of DFA (Gustafsson et al. 2007).

The immediate environment, particularly the family, significantly impacts a
child’s DFA development. Parents and siblings may inadvertently transfer
their dental fear to the child. Negative experiences during dental care, such as
painful treatments or inadequate use of anaesthesia, can further contribute to
DFA. Children who perceive the dental care environment; e.g., sounds, smells,
and lights as unpleasant, may develop fear based on these impressions. The
lack of control in a dental care situation can also lead to DFA. (Berggren and
Meynert 1984; Milgrom et al. 1994)

Jilevik and Klingberg (2002) were among the first to explore the association
between MIH and dental fear and anxiety (DFA). Their findings indicated that
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children with MIH often required more extensive dental treatment, were more
difficult to anesthetise, and showed higher levels of DFA compared with
children without MIH, while several cross-sectional investigations and a recent
meta-analysis found no overall difference in dental fear between children with
and without MIH (Kosma et al. 2016; Laureano et al. 2020; Sezer et al. 2022;
Reis et al. 2023). The severity of the condition appears to play a decisive role,
as children with severe MIH consistently report markedly higher levels of
dental fear than those with mild involvement or healthy controls (Oziikog
2019; Sajadi and Fallahian Sichani 2022).

Moreover, dental fear seems to increase further when MIH occurs together
with caries or when previous dental experiences have been painful or
distressing (Rodriguez et al. 2024). Behavioural management problems are
also more frequently reported in children with MIH, even when self-reported
fear is not elevated, suggesting that hypersensitivity, repeated treatment
sessions, and difficulties in achieving adequate anaesthesia may contribute to
stress and reduced cooperation during dental care (Reis et al. 2023).

To assess and manage DFA effectively, various measurement instruments have
been developed. These tools help quantify the severity of dental fear and
provide insights into its underlying causes. Broadly, these instruments can be
categorised into self-report questionnaires, observational scales, and
physiological assessments, each with distinct strengths and limitations
(Svensson 2020).

One of the most widely used self-report instruments is the Children’s Fear
Survey Schedule-Dental Subscale (CFSS-DS), which consists of 15 items
assessing fear related to different aspects of dental treatment (Cuthbert and
Melamed 1982). As a subjective measure, the CFSS-DS relies on the child’s
ability to comprehend and accurately report their emotions, which may be
challenging for younger children or those with cognitive difficulties
(Klingberg and Broberg 2007).

Another self-report measure, the Modified Child Dental Anxiety Scale
(MCDAS), simplifies anxiety assessment by focusing on specific dental
procedures, allowing children to rate their fear on a Likert scale (Humphris et
al. 1998). This instrument is easy to administer and interpret, making it
particularly useful in clinical settings. Its limitation lies in its brevity, as it does
not assess broader aspects of dental anxiety, such as fear associated with the

16



Adnan Hajdarevié¢

dental environment or general anticipatory anxiety (Howard and Freeman
2007).

Physiological measures, such as heart rate variability, skin conductance, and
salivary cortisol levels, provide additional insights into a child’s autonomic
stress response during dental treatment (Furlan et al. 2012; Uehara et al. 2012).
Recent research has shown that wearable sensors can effectively detect stress
responses in children during invasive dental procedures versus non-invasive
dental procedures, reflecting anxiety, discomfort and/or pain that may not be
verbally expressed (Jaldin et al. 2024).

2.4 SOCIETY PERSPECTIVE
2.4.1 EPIDEMIOLOGY

The burden of MIH on society and dental services is still not fully quantified.
National statistics from The National Board of Health and Welfare
(Socialstyrelsen. 2024) and Dental Annual Reports from the regions, typically
report caries and treatment frequencies, but MIH-related enamel breakdown is
often hidden within these figures. At a population level, mean DFT (decayed
and filled teeth) values often mask the disproportionate contribution of MIH to
restorative needs. Children with severely affected FPMs require substantially
more chair time, advanced restorative procedures, and follow-up appointments
than their peers (Jdlevik and Klingberg 2002). The burden is unevenly
distributed: while many children have no MIH, a smaller group of severely
affected individuals uses a disproportionately large share of dental resources
(Weerheijm et al. 2001).

Research on MIH is particularly challenging. Unlike caries and periodontal
diseases, MIH often lacks a distinct diagnostic code in electronic dental record
systems. This makes systematic registration difficult and means that much of
the available data depends on the vigilance and diagnostic accuracy of the
clinician. As a result, many cases are underreported or misclassified, and large-
scale epidemiological studies require extensive manual screening or the use of
questionnaires, which may compromise both reliability and scalability
(Crombie et al. 2009). Much of what we know about MIH hinges on the
individual clinician’s ability to recognise, record, and report the condition, as
well as on the limitations of health record systems (Lygidakis et al. 2022).
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Epidemiology is also vital for conditions where the severity varies greatly
among individuals. MIH is a prime example, ranging from mild opacities with
little functional impact to severe enamel breakdown requiring extensive
interventions. Epidemiological investigations make it possible to capture this
spectrum and show how a relatively small group of children with severe MIH
accounts for a disproportionately large share of treatment needs (Jilevik and
Klingberg 2002; Fagrell et al. 2011). Over the past two decades, MIH has
emerged as a major focus of dental epidemiology. Prevalence studies report
that 10-20% of children worldwide are affected, though the figures vary
depending on diagnostic criteria, age, and population (Schwendicke et al.
2018). Beyond prevalence, research has demonstrated that MIH is unevenly
distributed across populations and is associated with significant clinical and
psychosocial impacts, particularly hypersensitivity, caries susceptibility, and
aesthetic concerns when incisors are involved (Balmer et al. 2015; Elfrink et
al. 2015).

2.4.2 HEALTH ECONOMICS

Health economics aims to ensure that available resources are used in the most
efficient and equitable way possible. The goal is not to reduce costs, but to
guide decision-making so that investments are directed towards interventions
that provide the greatest value and improve health outcomes for individuals
and society. (Drummond et al. 2015)

When evaluating the economic aspects of healthcare interventions, it is
important to consider the different types of costs and outcomes associated with
a condition or its treatment. These aspects can be grouped into healthcare costs
(direct medical costs), which include expenses for diagnosis and treatment
such as personnel, materials, and drugs. Non-healthcare costs (indirect medical
costs) include expenses related to factors indirectly associated with the
condition such as transportation, school, or absence from work due to treatment
or pain. Evaluating treatment effectiveness and success rates regarding, for
example, pain relief, filling survival, and the need for follow-up treatments is
also crucial. (Vernazza et al. 2012)

There are several established approaches to analysing health economics,
depending on the research objectives and available data. Cost-minimisation
analysis (CMA) is used when the clinical outcomes of two or more
interventions are equivalent, and the focus is solely on identifying the least
costly option. Cost-effectiveness analysis (CEA), on the other hand, compares
the relative costs and outcomes of different interventions, typically expressed
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in clinical units such as avoided caries lesions or pain reduction. Cost-utility
analysis (CUA) is a type of CEA that incorporates both the quantity and quality
of life, often using metrics like quality-adjusted life years (QALYSs) or
disability-adjusted life years (DALYs). Cost-benefit analysis (CBA) goes a
step further by converting both costs and health benefits into monetary terms,
enabling a direct comparison, but often requiring complex and ethically
challenging valuation methods. Among these, CEA and CUA are commonly
referred to collectively as cost-effectiveness analyses and are the most
frequently used tools in healthcare decision-making, especially when assessing
interventions that impact quality of life. (Drummond et al. 2015; Neumann et
al. 2016)

Regarding MIH, there are currently no health economic evaluations that focus
specifically on early treatment or treatment choice. Early planning for teeth
affected by MIH is critical for treatment outcomes and health economics. Early
intervention can minimise potential complications, leading to better treatment
results and cost savings in the long term. (Elhennawy et al. 2017)

2.5 RESEARCH PERSPECTIVE
2.5.1 STUDY DESIGN

Different research designs offer distinct advantages and limitations depending
on the research question, the type of data available, and ethical feasibility. In
dental and clinical research involving children, such as those with MIH,
researchers must balance scientific quality with practical and ethical
considerations (Mann 2003).

2.5.1.1 CROSS-SECTIONAL DESIGN

Cross-sectional studies collect data from a defined population at a single point
in time to assess the prevalence and distribution of health conditions or
associations between variables. This design is practical, relatively inexpensive,
and well suited for identifying patterns and correlations across large
populations. They are also valuable for generating hypotheses that can later be
tested through longitudinal or interventional research. As exposure and
outcome are measured simultaneously, cross-sectional studies cannot establish
temporal or causal relationships. They are also sensitive to selection bias and
may underestimate or overestimate associations depending on sample
characteristics. Despite these limitations, such studies provide essential
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baseline data for public health planning, early identification of risk indicators,
and the evaluation of disease burden in paediatric populations. (Levin 2006)

Within the broader category of cross-sectional designs, survey studies
represent a distinct and widely used methodology for collecting structured
information on professional opinions, clinical practices, and patient or
caregiver experiences. Survey methodologies enable researchers not only to
describe what treatments are performed but also to explore the underlying
reasons behind clinical decisions (Boynton and Greenhalgh 2004). This
approach reveals how treatment choices are shaped by both theoretical
knowledge, such as evidence-based guidelines and academic training, and
contextual factors, including access to resources, patient cooperation, and
clinician confidence (Greenhalgh et al. 2014).

Survey studies offer several practical advantages. They are particularly useful
when the target population is large or geographically dispersed, as standardised
questionnaires ensure consistency and comparability across respondents
(McColl et al. 2001). Digital distribution further enhances accessibility and
facilitates data collection (Dillman and Smyth 2007).

Survey-based cross-sectional studies also have limitations. Low response rates
can lead to selection bias and reduce the generalisability of findings.
Respondents may interpret questions differently, and the lack of interviewer
clarification may affect reliability. (McColl et al. 2001; Edwards 2002).

2.5.1.2 LONGITUDINAL DESIGN

A longitudinal prospective study follows participants forward in time,
observing how exposures or interventions influence subsequent outcomes. As
data are collected as events occur, prospective designs minimise recall bias and
allow repeated measurements of clinical and behavioural variables within the
same individuals. The ability to track changes over time strengthens causal
inference and provides a dynamic picture of disease progression. These studies
are resource-intensive and require long-term commitment from both
participants and researchers. Attrition due to loss to follow-up may threaten
internal validity, and maintaining standardised measurements over extended
periods is challenging. (Cade and Hutchinson 2015)

A longitudinal retrospective study analyses data that have already been

collected. This design is particularly valuable when prospective follow-up is
impractical or when examining conditions that develop over time.
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Retrospective studies are efficient, both in terms of cost and time, allowing
researchers to investigate long-term trends and outcomes using existing data
sources. The quality of retrospective data is highly dependent on the accuracy,
completeness, and consistency of record-keeping. Missing data, inconsistent
diagnostic criteria, or documentation bias may limit interpretability and
introduce confounding. Moreover, because both exposure and outcome have
already occurred, retrospective designs cannot establish temporal causality
with certainty (Cohen et al. 2018).

2.5.1.3 RANDOMISED CONTROLLED TRIAL

The randomised controlled trial (RCT) is widely regarded as the most rigorous
design for evaluating causal relationships between interventions and outcomes
(Sibbald and Roland 1998). By allocating participants randomly to
intervention or control groups, RCTs reduce the risk of selection bias and
confounding, thereby enhancing internal validity (Mann 2003). In clinical
dentistry, RCTs provide robust evidence for the effectiveness of preventive or
restorative interventions and allow direct comparisons between treatment
alternatives under controlled conditions (Lesaffre et al. 2009). RCTs are often
difficult to conduct in paediatric populations due to challenges of recruitment,
parental consent, and treatment acceptability (Eldridge et al. 2016).

2.5.2 ETHICS

Conducting research involving children presents unique ethical challenges.
Children are considered a vulnerable population due to their limited capacity
for autonomous decision-making, and their participation in research therefore
requires particular protection (Alderson and Morrow 2020). Unlike adults,
children cannot provide full informed consent; instead, ethical approval is
based on parental consent combined with the child’s own assent, an age-
appropriate expression of willingness to participate (Helseth and Slettebo
2004). The ethical principles guiding such research are closely aligned with
the United Nations Convention on the Rights of the Child, which emphasises
both the child’s right to protection, Article 3, and the right to express their
views and be heard in matters affecting them, Article 12. This means that
children should not merely be protected from potential harm but also be given
opportunities to contribute their perspectives, if participation is conducted in a
manner that safeguards their wellbeing and dignity. (United Nations 1989)

The balance between protecting children from potential harm and including

them in research is delicate. Historically, ethical caution has sometimes led to
their exclusion from clinical studies, resulting in a lack of evidence specifically
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applicable to paediatric populations (Kodish 2005). This gap has contributed
to inequities in healthcare, as clinical decisions are often based on adult data
that may not reflect children’s unique physiological, developmental, or
psychosocial needs (Caldwell et al. 2004). In dental research, this is
particularly relevant: conditions such as MIH are typically identified during
childhood, and understanding their impact requires the participation of young
individuals.

A further ethical dimension arises in survey-based research, where questions
concerning health, fear, or pain may inadvertently provoke worry or self-
awareness in children. This raises the question of whether participation might
‘plant a seed’ of concern that would not otherwise exist, but this risk is
generally outweighed by the importance of understanding children’s lived
experiences, which is essential for improving clinical care and communication
(Alderson and Morrow 2020). Ethical justification rests on ensuring that all
information is presented sensitively, that participation is voluntary, and that
children are reassured that there are no right or wrong answers (Helseth and
Sletteba 2004). Providing appropriate debriefing opportunities and access to
support if questions trigger discomfort is also a key aspect of ethical
responsibility (Heath et al. 2007).

2.5.3 RESEARCH GAPS

Despite increasing awareness of MIH as a major clinical challenge, substantial
gaps remain in the understanding and management of affected FPMs. Existing
research has focused on prevalence, aetiology, and diagnostic criteria, while
less attention has been given to evaluating treatment outcomes and their
broader consequences. Clinical decision-making regarding whether to restore
or extract severely affected molars often relies on individual experience rather
than robust evidence, and treatment practices vary widely between general
practitioners and specialists. Moreover, the consequences of early extraction
for dental development remain uncertain, particularly regarding the eruption
patterns of adjacent teeth, and current evidence does not sufficiently explore
possible effects on growth, puberty, or occlusal development.

Beyond the clinical level, little is known about how MIH and its treatment
affect children’s oral health-related quality of life and dental fear, factors that
are central in patient-centred care. Likewise, the economic implications for
dental services and society remain largely unexplored, despite the significant
resources required for managing this condition.
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3 AIMS

The overall aim of this thesis was to evaluate dental treatment for the first
permanent molar, requiring intervention due to Molar-Incisor Hypomineral-
isation (MIH), from the perspectives of the tooth, the clinical, the patient, and
society.

The specific aims were to:

1. Investigate the attitudes of general dentists, orthodontists, and
paediatric dentists regarding treatment choices for first permanent
molars affected by MIH.

2. Compare restorative treatment with extraction therapy for first
permanent molars affected by MIH, in relation to oral health-related
quality of life and dental fear and anxiety at 11 years of age.

3. Evaluate the eruption patterns of adjacent teeth following the early
extraction of first permanent molars at 11 years of age.

4. Compare restorative treatment with extraction therapy for first

permanent molars affected by MIH from a health economic
perspective at 11 years of age.
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4 SUBJECTS AND METHODS

4.1 SUBJECTS

The subjects in this thesis comprised two distinct cohorts. Paper I involved
Swedish dental professionals, including general dentists (n = 559) employed
within the Public Dental Service of Region Vistra Gotaland, as well as all
registered members of the national professional associations for orthodontists
(n =293) and paediatric dentists (n = 156).

Papers II-1V were based on paediatric participants enrolled in the GuREx-
MIH project (Gothenburg University Restoration or Extraction of First
Permanent Molars due to Severe MIH), a multicentre, prospective clinical trial
designed to evaluate the long-term consequences of different treatment
modalities for children with severe MIH. A sample size calculation was
performed using an alpha level of 0.05 and a power of 80%, based on detecting
a difference of four units (SD = 8.4) in Child Perceptions Questionnaire
(CPQI11-14) scores between treatment groups (Jokovic et al. 2006). This
analysis indicated that a minimum of 70 patients per treatment was required.

General dentists were asked to refer children aged 6-9 years presenting with at
least one first permanent molar (FPM) exhibiting post-eruptive breakdown due
to Molar-Incisor Hypomineralisation (MIH). The referrals were sent to
specialist paediatric dental clinics within the Public Dental Service in Region
Vistra Gotaland, Region Ostergdtland, and the Department of Paediatric
Dentistry at Malmo University. The affected FPMs were classified according
to a six-grade MIH severity index. Every severity level was divided into two
subgroups, thus linking clinical and radiographic findings with
symptomatology (Table 1). In Paper Il and Paper IV, only patients with FPMs
graded 4 or 5 were included, whereas Paper Il included patients with teeth
graded 4-6. Exclusion criteria were patients with dental agenesis, chronic
systemic illness, or functional impairment.

In Paper 111, the sample size was calculated using the same significance level
(a = 0.05) and 80% power to detect a difference of 1.6 mm (SD = 1.8) in
eruption length of the second permanent molar between the extraction and
control sides (Zhang et al. 2018). Based on this calculation, a minimum of 20
patients was required for each jaw, each with unilateral extraction of an FPM.
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In Paper 111, the inclusion criteria were patients from the GuREx-MIH project
with unilateral extractions of FPMs.

Table 1. Classification of the first permanent molars presented in Hajdarevié,
Jilevik, et al. (2025)

DEGREE DESCRIPTION
Sound enamel, or hypomineralisation < 1 millimetre in
Intact tooth 0 .
diameter

Demarcated opacities, without enamel breakdown, without

. symptoms
Mild MIH . - -
) Demarcated opacities, without enamel breakdown, with
symptoms
3 Hypomineralised enamel with enamel breakdown or
atypical restoration < 2 surfaces, without symptoms
Moderate MIH - - -
4 Hypomineralised enamel with enamel breakdown or
atypical restoration < 2 surfaces, with symptoms
5 Hypomineralised enamel with enamel breakdown or
atypical restoration, > 2 surfaces
Severe MIH Hypomineralised enamel with enamel breakdown or
6 atypical restoration, > 2 surfaces and/or extensive lesion

(> % of the depth of the dentin)

4.2 METHODS

The methodological approaches of the included studies differed with regard to
their specific aims and target populations but were unified by shared clinical
material, diagnostic criteria, and calibration procedures established within the
GuREx-MIH project.

In the GuREx-MIH project, eligible patients were referred to specialist clinics
in paediatric dentistry for further assessment and treatment planning. The
clinical examinations and treatments were carried out at the specialist
paediatric dentistry clinics of the Public Dental Service in Region Vistra
Gotaland and Region Ostergdtland, as well as at the Department of Paediatric
Dentistry at Malmo University. Before data collection began, all participating
clinicians were calibrated using a photographic reference manual to ensure
consistent diagnostics (Appendix I; page 77).

After confirming that the inclusion criteria for the study were fulfilled, written
informed consent to participate was obtained from the caregivers. Once
consent had been provided, a comprehensive baseline (TO) registration was
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performed according to a standardised protocol. This included intra- and extra-
oral photography, impressions for study models, panoramic and lateral
cephalometric radiographs, and completion of questionnaires concerning oral
health-related quality of life and dental fear and anxiety. All registrations were
completed prior to randomisation into one of two treatment arms: restorative
treatment of the affected first permanent molars with resin composite, or
extraction of the affected teeth. Randomisation was computer-generated by a
researcher independent of the clinical procedures, using an even-odd number
sequence to ensure unbiased allocation (Nicholas Dean 2013). The treatment
was performed after randomisation, at the TO time point.

The same examination protocol was repeated at the first follow-up (T1), when
the participants reached eleven years of age. At this visit, new radiographs and
photographs were taken, study models were updated, and the questionnaires
were re-administered at the clinic. Although the GuREx-MIH project
comprised an extensive collection of clinical, radiographic, and psychosocial
data, selected components of this material have been processed and analysed
within the present thesis (Figure 4).

In Paper I, a web-based questionnaire was designed and distributed in May
2021, using the Google Forms platform. The instrument was structured into
three main parts. The first part gathered general information about the
respondents’ professional background and clinical experience. The second part
included a set of standardised clinical cases, developed from baseline material
within the GuREx-MIH project. Six anonymised cases of children aged 7-8
years, representing the mixed dentition stage, were included, each affected to
varying degrees by MIH in one or more FPMs. Each case was presented with
intra-oral photographs, panoramic and profile radiographs, and images of
plaster models. To ensure that the respondents’ assessments were based purely
on clinical and radiographic findings, no anamnestic or background
information about the children was provided. The third part comprised two
general questions related to the timing and indications for extraction of affected
first permanent molars. The questionnaire was distributed electronically, and
two reminders were sent four and fifteen weeks after the initial invitation to
encourage participation. All questions were mandatory, requiring respondents
to provide a complete set of answers before submission. Responses were
collected anonymously. Before launching the survey, the authors conducted a
joint calibration exercise to align the assessment and classification of MIH
severity, ensuring consistent interpretation of the case material. To validate the
diagnostic procedure, all authors independently graded the same set of FPMs
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on two occasions, five weeks apart, and the calibration was carried out by
jointly reviewing each patient case, including clinical photographs and
radiographs, on a computer screen.

In Paper 11, data collection consisted of validated questionnaires assessing oral
health-related quality of life (OHRQoL) and dental fear and anxiety (DFA),
administered at TO and repeated at T1.

In Paper 111, panoramic radiographs obtained at both TO and T1 were used to
evaluate the eruption pattern of adjacent teeth following early extraction of
FPMs.

In Paper IV, data from both T0O and T1 were used, combining information from
clinical records with caregiver-reported data on direct and indirect costs, as
well as responses from questionnaires on OHRQoL.

To comprehensively address the overarching research aims, different
methodological designs were employed, each reflecting a distinct analytical
perspective: the tooth, focusing on diagnostic assessment and eruption
development; the clinic, examining clinical decision-making, treatment
procedures, and their clinical outcomes; the patient, exploring perceived
OHRQoL and DFA; and society, evaluating the economic implications and
cost effectiveness of treatment strategies for children with severe MIH.

Each paper incorporated one or more of these perspectives, collectively
providing a multifaceted understanding of how severe MIH affects the tooth,
the clinical management, the child, and the broader healthcare context (Table
2).

Table 2. Overview of the perspectives represented in each study included in the
thesis. The table illustrates how each paper contributes to the overall research
framework by addressing one or more analytical perspectives: the tooth, the clinical,
the patient, and society.

PERSPECTIVE

PAPER I

PAPER II

PAPER III

PAPER IV

The tooth

The clinical
The patient
The society
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Invited to participate; (n = 120) I—DI Declined; (n =4)

Assessed for eligibility; Study patients in the GuREx-MIH project; (n = 116)

Patients with MIH degree 4 and 5;
(n=83)

Patients with MIH degree 6; treated
with extraction; (n = 33)

NN

Allocated to Restorative treatment

Allocated to Extraction treatment

Assessed for eligibility for

group; (n =44) group; (n=39) ) Paper lll; {n=72)
Lost to follow-up;  Not mesting the
-up; Paperlland IV (n=3
| p| Lostto fc_’"°w cP: g Pen e { : ) P inclusion criteria;
(n=1) Missing data; i 25)
Paper IV (n = 4) ("
A
Analysed; Analysed; Analysed; :
Paper lland IV (n =43) Paper Il (n = 36)

Paper IV (n=32)

i Paper Iif (n ?47)

Figure 4. Flowchart of the patients in the GuREx-MIH project. Light blue boxes
represent patients with Molar-Incisor Hypomineralisation (MIH) degree 4 and 5,
who were allocated to either the restorative treatment group or the extraction
treatment group. Patients in the light blue boxes were included in Papers Il and
1V. The grey box represents patients with MIH degree 6, all of whom were treated
with extraction. Patients from the grey box, and patients from the light blue boxes
who underwent extraction, were subsequently evaluated for eligibility for Paper
111 and are represented in the blue/grey boxes.
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4.2.1 TOOTH PERSPECTIVE

In Paper I, patient cases were selected to represent the full clinical spectrum
of MIH-affected FPMs, ranging from intact enamel opacities to extensive post-
eruptive breakdown. The severity of MIH was graded using EAPD-based
criteria (Lygidakis et al. 2022), supplemented with an intermediate “moderate
MIH” category to differentiate better between limited and extensive enamel
disintegration. The four diagnostic categories used were: intact, mild MIH,
moderate MIH, and severe MIH.

4.2.2 CLINICAL PERSPECTIVE

In Paper I, respondents were asked to provide information about their
professional background through fixed-response options covering factors such
as years of experience, clinical setting, and area of specialisation. When
evaluating treatment options for FPMs affected by MIH, they could select
between extraction, restoration with glass-ionomer cement or resin composite,
placement of a stainless-steel or porcelain crown, application of fluoride
varnish, or to await the outcome. In the final section, respondents chose among
predefined alternatives regarding the most suitable timing for extraction and
the factors influencing their clinical decision-making, including clinical
experience, scientific evidence, local guidelines, or recommendations from
paediatric dentists or orthodontists.

In Papers II and IV, following the diagnostic assessment, patients received
either restorative treatment with resin composite or extraction of the affected
tooth. Treatment was carried out under local anaesthesia, with sedation using
benzodiazepine or nitrous oxide, or under general anaesthesia (GA) when
required, as determined by the treating paediatric dentist.

In Paper III, which examined radiographic eruption patterns, panoramic
radiographs were obtained both at TO and T1. All patients served as their own
controls. Radiographic analysis was performed using Facad software (version
3.11.2.1616, Ilexis AB, Linkoping, Sweden), which was calibrated for image
magnification using the dots-per-inch (DPI) value of each radiograph.

The parameters recorded included the eruption length and tooth angulation of
the FPMs, second permanent molars (SPMs), and second premolars (SPs). In
addition, the presence of third molars and the developmental stages of SPMs
and SPs were assessed according to Demirjian’s method, which categorises
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tooth development into eight stages (A-H) (Demirjian et al. 1973). These
stages were converted to ordinal values (1-8) for statistical analysis.

To determine eruption length and angulation, anatomical reference points and
lines were drawn directly on the panoramic radiographs. In the maxilla, a
horizontal reference line was constructed from the inferior border of the
zygomatic process to the lower margin of the nasal cavity, at the level of the
lateral incisor root. In the mandible, a corresponding reference line was drawn
tangentially along the lower border of the mandible, extending from the region
of the canine root anteriorly to the second molar region posteriorly (Figure 5).

For each FPM, SPM, and SP, three points on the crown were marked: the tip
of the highest cusp, as well as the most mesial and distal points of the crown.
A line drawn between the mesial and distal points was used to represent the
orientation of the crown, from which two key measurements were derived.
Eruption length was defined as the perpendicular distance from the reference
line to the cusp tip. Tooth angulation was measured as the angle formed
between the crown orientation line and the horizontal reference line. For each
tooth, eruption and angulation ratios were calculated by comparing the
extraction and control sides at both TO and T1. These ratios enabled assessment
of asymmetrical development and eruption patterns (Figure 5).

Figure 5. A schematic representation of the panoramic radiograph was used to
visualise the assessed variables, including eruption length and angulation
(Hajdarevié, Stervik, et al. 2025).
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4.2.3 PATIENT PERSPECTIVE

The patient perspective focused on children’s subjective experiences of oral
health, treatment, and wellbeing, as evaluated through validated patient-
reported outcome measures (PROMs). In Papers Il and [V, these measures
were used to assess the impact of different treatment strategies, restoration or
extraction of MIH-affected FPMs, on OHRQoL and, in Paper 11, also on DFA.

In Paper II, both OHRQoL and DFA were assessed using two validated
Swedish instruments completed by the children at TO and at T1. To evaluate
OHRQoL, the short form of the Child Perceptions Questionnaire (CPQ11-14)
was used (Jokovic et al. 2006). This version comprises 16 items distributed
evenly across four domains: oral symptoms, functional limitations, emotional
wellbeing, and social wellbeing, with four items in each domain. Children were
asked to recall how frequently they had experienced certain oral health-related
impacts during the past four weeks. Each item was scored using a five-point
scale: 0 = Never, 1 = Once or twice, 2 = Sometimes, 3 = Often, and 4 = Every
day or almost every day. Higher total scores reflect a greater perceived
negative impact on oral health-related quality of life.

DFA was assessed using the Children’s Fear Survey Schedule-Dental Subscale
(CFSS-DS) (Cuthbert and Melamed 1982). This instrument includes 15 items
describing various dental situations (e.g., injections, noise of the drill, seeing
the dentist). Children rated their level of fear for each item on a five-point scale,
where 1 = Not afraid at all and 5 = Very afraid. The total score ranges from 15
to 75, with higher scores indicating greater dental fear. A score of 32 or above
is commonly used as a threshold to identify clinically significant dental anxiety
(Klingberg and Broberg 2007).

In Paper 1V, OHRQoL was again assessed using the Swedish version of the
CPQ11-14 but was analysed from a health economics perspective. Instead of
relying solely on mean score differences, the concept of minimally important
difference (MID) was applied to determine the smallest clinically meaningful
improvement in OHRQoL following treatment. The MID was calculated as
half the standard deviation of the change in CPQ11-14 scores between baseline
and follow-up, representing the threshold for perceivable benefit from
treatment.
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4.2.4 SOCIETY PERSPECTIVE

The societal perspective was investigated in Paper [V through a
comprehensive health economic evaluation of the GuREx-MIH cohort. The
analysis was performed from a societal perspective, incorporating both direct
healthcare costs and indirect non-healthcare costs associated with treatment
and caregiving.

Cost data were extracted from individual dental records covering the period
from the age of six years to the follow-up at age 11 years. Each record included
information on visit frequency, appointment duration, treatment procedures
involved, and whether the visit was carried out by a dentist or a dental nurse.

Healthcare costs comprised all clinical visits related to the diagnosis and
treatment of MIH-affected FPMs. Visits linked solely to the research protocol
in the GuREx-MIH project, orthodontic treatment unrelated to FPMs, trauma
care, treatment of other teeth, or missed appointments were excluded. Costs
were estimated using standard hourly rates for the Public Dental Service in
Region Vistra Gotaland. For treatments performed under GA, a standardised
cost model was applied, covering the entire perioperative process, pre-
operative preparation, induction, treatment time, recovery, and postoperative
monitoring, as well as administrative overheads.

Non-healthcare costs were captured through a structured economic survey
completed by caregivers at T1. The survey recorded information about work
absences, time spent accompanying the child to appointments, and travel
duration. Productivity loss was monetised using national average income data,
including employer social contributions. Time losses were standardised as four
hours for visits involving conscious sedation and eight hours for visits under
GA.

Both healthcare and non-healthcare costs were converted from SEK to euros
using the 2024 exchange rate. All costs were discounted by 3% annually and
expressed in 2024 price levels. The total cost per child was calculated as the
sum of healthcare and non-healthcare costs, representing the overall economic
burden of each treatment strategy.

The economic evaluation was conducted using a cost-effectiveness framework,
comparing restorative treatment (ReTG) with extraction treatment (ExTG).
The incremental cost-effectiveness ratio (ICER) was calculated (Drummond et
al. 2015). The C represents cost and F represents effectiveness, expressed as
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either the change in OHRQoL or as the proportion of patients achieving MID.
The ICER thus indicated the additional cost required to obtain one unit of
improvement in OHRQoL when choosing restorative treatment over
extraction.

ICER = (CExTG - CReTG)

(EExTG - EReTG)

4.2.5 RESEARCH PERSPECTIVE

4.2.5.1 STUDY DESIGN
The GuREx-MIH project was registered in ClinicalTrials.gov with registration
number NCT06228989.

Paper I was conducted as a cross-sectional survey using a structured, web-
based questionnaire distributed to dental professionals. Paper II followed a
longitudinal prospective clinical design, in which the participating children
were assessed at two time points (TO and T1) using validated instruments.
Paper 1l employed a prospective split-mouth approach, enabling radiographic
comparison of eruption patterns between extraction and control sides within
the same individuals. Paper IV was undertaken as a health economic
evaluation, integrating clinical outcomes with cost data collected from both
clinical records and caregiver-reported measures.

4252 ETHICS
All studies included in this thesis were conducted in accordance with the
ethical principles outlined in the Declaration of Helsinki and approved by the

Swedish Ethical Review Authority in Gothenburg (reference number: reg.no.
352-15, approval dated 2015-07-07).

For the GuREx-MIH project (Papers II-1V), written informed consent was
obtained from all caregivers prior to inclusion, following age-appropriate oral
and written information provided to both children and parents. Participants
were informed about their right to withdraw from the study at any time without
any consequences for their ongoing dental care. Paper I, based on anonymised
patient cases derived from the GuREx-MIH baseline material, was separately
approved by the Reference Group for Research within the Public Dental
Service of Region Vistra Gotaland.
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All data were handled confidentially and stored according to Swedish data
protection legislation and institutional data management policies.

4.2.5.3 STATISTICS

All statistical analyses were performed using /BM SPSS Statistics, version 28.0
for Paper I, and 29.0 for Paper II-1V, (IBM Corp., Chicago, IL, USA).
Statistical significance was set at p < 0.05.

In Paper I, descriptive statistics were used to summarise the respondents’
demographic characteristics and treatment preferences. For comparative
analyses, treatment measures were dichotomised into extraction and non-
extraction categories. Group differences between general dentists,
orthodontists, and paediatric dentists were assessed using Chi-square tests.

In Paper 11, descriptive analyses were conducted for demographic and clinical
baseline variables. The normality of continuous variables (CPQI11-14 and
CFSS-DS scores) was tested using the Shapiro-Wilk test, which guided the
choice between parametric and non-parametric methods. Between-group
differences were analysed using independent samples t-tests for normally
distributed data or Mann-Whitney U tests for non-normal data, and within-
group changes between TO and T1 were examined using paired samples t-tests.
Categorical data, including the proportion of children exceeding the clinical
cut-off for DFA, CFSS-DS > 32 (Klingberg and Broberg 2007), were analysed
with Chi-square tests. Additionally, multiple linear regression models were
applied to assess whether the method of sedation influenced OHRQoL
(CPQI11-14) or DFA (CFSS-DS) outcomes at T1, adjusting for baseline scores.
Regression coefficients (B) and p values were reported.

In Paper III, descriptive statistics were used to summarise eruption and
angulation data. The Shapiro-Wilk test confirmed normal distribution of
continuous variables, allowing for the use of parametric methods. To compare
eruption length and angulation ratios between the extraction and control sides,
paired t-tests were employed at both TO and T1. Differences between jaws,
maxilla vs. mandible, were examined using independent samples t-tests, while
Pearson correlation coefficients were used to explore associations between
eruption parameters, root development stages, Demirjian’s method converted
to ordinal values 1-8 (Demirjian et al. 1973), and the presence of third molars.
Reliability was evaluated by calculating intra- and inter-examiner Intraclass
Correlation Coefficients (ICC) for eruption length and angulation, using a two-
way mixed model with consistency type.
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In Paper [V, descriptive statistics were used to summarise baseline
characteristics, treatment outcomes, and all cost components. Group
differences between extraction and restorative treatment were analysed using
independent samples t-tests for continuous variables and Chi-square tests for
categorical variables. Equality of variances for continuous variables was
formally assessed, and Welch’s t-test was applied when variances differed,
ensuring robust comparisons despite unequal group sizes. Within-group
changes in oral health-related quality of life (CPQ11-14) between baseline
(TO) and follow-up (T1) were evaluated using paired t-tests, while between-
group differences in CPQ change scores were assessed using independent or
Welch’s t-tests as appropriate. Because each patient could contribute between
one and four affected teeth, multiple linear regression models were used to
examine the association between treatment group and healthcare, non-
healthcare, and total costs, adjusting for the number of treated teeth.
Regression coefficients were tested using two-sided t-tests. Uncertainty
surrounding cost and effect differences, as well as incremental cost-
effectiveness ratios (ICERs), were addressed through non-parametric patient-
level bootstrapping with percentile-based 95% confidence intervals. The ICER
was calculated as the difference in mean costs divided by the difference in
mean effects between groups and was expressed both per CPQ11-14 point of
improvement and per additional child achieving a minimally important
difference (MID).
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5 RESULTS

5.1 GUREX-MIH PROJECT

GuREx-MIH project included a total of 116 children at baseline (TO),
reflecting a broad and clinically diverse group of patients affected by Molar-
Incisor Hypomineralisation (MIH). Among these, 68 were girls and 48 were
boys. In total, 464 first permanent molars were graded on the MIH severity
scale (Table 3).

Table 3. Distribution of MIH severity grades across all first permanent molars at
baseline in the GuREx-MIH cohort.

INTACT MILD MODERATE SEVERE
DEGREE TOOTH MIH MIH MIH
0 1 2 3 4 5 6
All teeth, n 88 47 47 25 60 134 63
Tooth 16, n 21 16 13 7 17 26 16
Tooth 26, n 21 12 14 11 17 27 14
Tooth 36, n 22 9 10 3 13 45 14
Tooth 46, n 24 10 10 4 13 36 29
Sex (male/female), % 48 /52 53/47 | 40/60 | 32/68 | 35/65 | 45/55 | 27/73

5.2 PAPER |

A total of 357 completed questionnaires were analysed, yielding a response
rate of 36%. Among the respondents, 54% were general dentists, 28%
orthodontists, and 18% paediatric dentists. The general dentists reported
substantially fewer years of professional experience (mean 13 + 12 years)
compared with orthodontists (28 + 11 years) and paediatric dentists (27 + 11
years). These differences were statistically significant (p < 0.001, Chi-square
test). General dentists also reported fewer weekly working hours dedicated to
child and adolescent dental care (p < 0.001; t-test).

5.2.1 TOOTH PERSPECTIVE

To ensure consistent classification of the Molar-Incisor Hypomineralisation
(MIH) severity, all examiners underwent calibration focused specifically on
grading the categories, intact tooth, mild MIH, moderate MIH, and severe
MIH. Agreement among the examiners was excellent, with an intraclass
correlation coefficient of 0.956 (95% CI 0.920-0.979), confirming that the
index was applied reliably throughout the study.

36



Adnan Hajdarevié¢

5.2.2 CLINICAL PERSPECTIVE

For first permanent molars (FPM) with severe MIH, extraction was selected in
48% of all treatment decisions made by general dentists. The corresponding
proportions were higher among specialists, with 61% of orthodontists’
responses and 59% of paediatric dentists’ responses indicating extraction (p <
0.001, Chi-square test). Extraction was also chosen significantly more often
for maxillary FPMs (68%) compared with mandibular FPMs (32%, p < 0.001;
Chi-square test). All respondents had at least once chosen extraction when
managing a severely affected molar.

In cases of moderate MIH, non-extraction options were selected by 94% of
general dentists, 85% of orthodontists, and 82% of paediatric dentists (p <
0.001, Chi-square test). When restorative treatment was chosen, composite
resin was the preferred material, used in 76% of all restorations placed by both
general dentists and paediatric dentists, while glass-ionomer cement accounted
for approximately 22-24% of restorations. Extraction of moderately affected
FPMs was considerably less common among general dentists (6%) compared
with orthodontists (16%) and paediatric dentists (18%; p < 0.001; Chi-square
test).

For mildly affected FPMs, preventive approaches predominated. Fluoride
varnish was selected in 73% of cases by general dentists and in 64% by
paediatric dentists, whereas orthodontists more often preferred to await the
outcome (58%).

Regarding the timing of extraction for severely MIH-affected FPMs, the most
common choice within each professional group was to perform the extraction
when early furcation development of the second permanent molar could be
identified on radiographs. This option was selected by approximately 45-47%
of general dentists, orthodontists, and paediatric dentists. A smaller proportion
favoured immediate extraction at diagnosis, around 10% of general dentists
and orthodontists, and 27% of paediatric dentists, while none recommended
waiting until the second permanent molar had fully erupted. Nearly two-fifths
of general dentists (44%) reported basing their treatment decision primarily on
recommendations from paediatric dentists, whereas specialists mainly relied
on their own clinical experience (55% of orthodontists and 47% of paediatric
dentists).
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5.3 PAPER I
5.3.1 CLINICAL PERSPECTIVE

A total of 79 children aged 6-9 years completed the trial and were included in
the analyses, with 43 and 36 allocated to the restorative treatment group
(ReTG) and the extraction treatment group (ExTQG), respectively. The two
groups were similar regarding sex distribution, caries experience in the primary
dentition (mean deft 0.6 vs. 0.7), and number of affected FPMs per child (mean
2.0 vs. 1.9). Sedation requirements differed between groups: in the ReTG, 15
children were treated without sedation, 27 received conscious sedation
(benzodiazepines and/or nitrous oxide), and one child was treated under
general anaesthesia (GA). In contrast, two patients in the ExXTG were treated
without sedation, 22 required conscious sedation, and 12 underwent treatment
under general anaesthesia.

5.3.2 PATIENT PERSPECTIVE

Before treatment (TO0), the mean oral health-related quality of life (OHRQoL)
score (CPQ11-14) for the whole cohort was 10.7 (SD 7.7), with the highest
scores reported within the domains of oral symptoms and functional
limitations. At the 11-year follow-up (T1), scores had improved across the
cohort, with a mean of 8.6 (SD 6.7). Children in the ReTG had a mean follow-
up score of 8.9 (SD 7.3), compared with 9.6 (SD 6.7) in the EXTG (p = 0.671;
t-test). Boys and girls reported similar baseline scores (boys: mean 9.9, SD 8.1,
girls: mean 11.2, SD 7.4; p = 0.214; t-test) and similar follow-up scores (boys:
mean 8.1, SD 6.9, girls: (mean 10.1, SD 7.1; p = 0.109; t-test). When
differences in scores were examined, children in the ExXTG showed individual
decline, with 29% reporting that they were less affected at T1 compared with
TO, whereas the corresponding proportion in the ReTG was 8% (p = 0.027;
Chi-square test). However, at group level, neither treatment produced a
significantly superior improvement in OHRQoL. Regression analyses
indicated that the type of sedation or anaesthesia used during treatment had no
measurable effect on OHRQoL at follow-up after controlling for baseline
values (f = 0.03; p=0.981).

Regarding dental fear and anxiety (DFA), the mean baseline CFSS-DS score
was 24.6 (SD 8.0). Girls consistently reported higher levels of fear than boys,
with scores of 26.1 versus 23.0 at TO (p = 0.044; t-test) and 24.6 versus 19.1 at
T1 (p <0.001; t-test). Prior to treatment, children treated under GA showed the
highest DFA levels (mean 28.2), followed by those who required sedation
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(mean 24.8) and those treated without sedation (mean 21.8). These gradients
remained visible at T1, though regression analyses showed that the sedation
method did not independently predict DFA outcomes once baseline values
were accounted for.

By the time patients reached 11 years of age, DFA scores had decreased in
both treatment groups. Mean reductions between TO and T1 were 2.6 points in
the ReTG (p=0.021) and 2.3 points in the ExXTG (p = 0.007; paired t-test). The
proportion of children scoring above the clinical cut-off for significant DFA
(score > 32) was identical in both groups at T1 (14% each; p = 0.960; Chi-
square test).

5.4 PAPER I

5.4.1 CLINICAL PERSPECTIVE

This split-mouth study included 47 children aged 6-9 years who had undergone
unilateral extraction of FPM due to MIH. The cohort consisted of 20 boys and
27 girls; 31 extractions were in the maxilla and 25 in the mandible. The mean
age at the time of the TO radiograph was 8 years, and the average follow-up
period was just over three years.

For measurements repeated two weeks apart, intra-examiner reliability was
excellent, with intraclass correlation coefficients of 0.999 for eruption length
and 0.997 for angulation. Inter-examiner reliability was likewise high, with
Intraclass Correlation Coefficient (ICC) values ranging from 0.850 to 0.895.
Although reliability was excellent, positioning errors were common: 75 of the
94 panoramic images showed at least one error, most frequently lack of tongue
contact with the palate and chin positioning errors.

Demirjian staging at TO showed that all second permanent molars (SPM) and
second premolars (SP) on the extraction side were in stages C-E, with root
formation progressing into later stages by T1.

At TO, neither eruption height nor angulation differed between the extraction
and non-extraction sides for any of the assessed teeth in the upper or lower jaw
(all p>0.200; paired t-test). At T1, maxillary SPMs displayed a greater vertical
eruption on the extraction side, corresponding to an eruption length ratio of
1.31 (13.5 mm vs. 10.8 mm; p < 0.001; paired t-test). These SPMs were also
positioned more upright, with an angulation ratio of 1.17 (72.9° vs. 62.1°; p <
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0.001; paired t-test). For the maxillary SPs, the ratio of the eruption length
remained similar between sides (13.6 mm vs. 13.7 mm; p = 0.378; paired t-
test), whereas the extraction side showed a more mesially oriented inclination
(82.5° vs. 89.3°%; p = 0.005; paired t-test). In the mandible, neither SPMs nor
SPs differed between sides with respect to eruption length (all p > 0.36; paired
t-test) or angulation (all p > 0.055; paired t-test), indicating minimal impact of
extraction on lower-arch development.

Correlation analyses showed no relationship between the root development
stage and the eruption pattern for either tooth type in either jaw. Regarding
overeruption, 15 patients had an antagonistic FPM available for analysis. At
both TO and T1, vertical eruption ratios for the opposing FPMs remained close
to 1.0, indicating no clinically detectable overeruption on the side opposite the
extraction.

At T1, the maxillary SPMs presented a higher eruption length ratio (1.31 +
0.30) than the mandible (1.01 £ 0.08; p <0.001: t-test) and a greater angulation
ratio (1.17 £ 0.17 vs. 0.97 £ 0.09; p < 0.001; t-test). For the SPs, the eruption
length was similar between jaws (1.03 = 0.20 vs. 1.02 £ 0.11; p = 0.75; t-test),
whereas the angulation differed, with lower values in the maxilla (0.94 + 0.22)
compared with the mandible (1.04 + 0.13; p = 0.017; t-test).

5.5 PAPER IV
5.5.1 CLINICAL PERSPECTIVE

This health economic evaluation included 75 children with MIH, of whom 43
were allocated to restorative treatment and 32 to extraction. Compared with
the 79 participants in Paper II in the clinical outcomes study, four children
were excluded from this analysis due to missing data at T1. The number of
affected FPMs was similar across groups, with a mean of 2.3 affected FPMs
per child in the restorative treatment group (ReTG) and 2.2 in the extraction
treatment group (ExTG).

5.5.2 PATIENT PERSPECTIVE

Self-reported OHRQoL improved in both groups between TO and T1. The
overall mean CPQ11-14 score decreased from 10.5 to 8.9, corresponding to a
mean improvement of 1.6 points. Using a distribution-based approach, the
minimally important difference (MID) was estimated at 3.2 points. The
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proportion of children achieving an improvement by one MID was 38% in the
ExTG and 23% in the ReTG (p > 0.05; Chi-square test). Between-group
comparisons of change scores were analysed using independent samples t-
tests, which showed no difference in overall OHRQoL improvement (p >
0.05).

5.5.3 SOCIETY PERSPECTIVE

Extraction treatment resulted in higher mean healthcare costs compared with
restorative treatment, as well as higher total costs. This difference
corresponded closely to the cost of general anaesthesia (GA), which was
required for 11 children in the ExXTG and for none in the ReTG. In contrast,
non-healthcare costs did not differ between groups. When excluding children
treated under GA, extraction was associated with lower healthcare costs, fewer
visits, and reduced total chair time, and total costs no longer differed between
groups (Table 4).

Table 4. Comparison of healthcare utilisation, costs, and treatment-related outcomes
between the restorative treatment group (ReTG) and the extraction treatment group
(ExTG), presented both as inclusive of all patients and exclusive of those treated
under general anaesthesia.

GROUP ReTG ExTG ExTG* P-VALUE (T-TEST)
mean (sd) mean (sd) mean (sd) ReTG vs. ExTG ReTG vs. ExXTG*
Time spent at the dental 401.1 (170.8) 346.7(177.2) 324.2(117.0) 0.187 0.040
office, min

Visits, n 114 (4.4) 9.4(4.5) 923.1) 0.058 0.025
Healthcare cost, € 1,050.6 (424.7)  1.417.0 (845.2) 867.6 (260.2) 0.029 0.039
Non-healtheare cost, € L1110 (778.6)  1,531.0 (1326.6) 1,412.4 (1,393.7) 0.117 0.364
Total cost, € 2,160.7 (1,008.6)  2,950.1 (1,776.9) 22783 (1,552.7) 0.029 0.751

*Excluding patients treated under general anaesthesia
Values in bold represent statistically significant association (p < 0.05).

The economic evaluation compared costs with treatment benefit using both the
mean CPQ11-14 change score and the proportion of children achieving an
MID. When all patients were included, extraction treatment was associated
with higher incremental costs per additional MID responder, estimated at
€2,593 for healthcare costs and €6,110 for total costs. When patients treated
under general anaesthesia were excluded, the ExXTG became more favourable.
It was less costly while providing similar improvements as in the ReTG. When
total costs were considered, ExXTG achieved one additional MID responder at
an incremental cost of €4,201. No significant between-group differences were
observed in the continuous effect measures used to calculate ICERs (all p >
0.200; Welch’s t-tests).
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6 DISCUSSION

Altogether, the studies in this thesis show that Swedish general dentists,
orthodontists, and paediatric dentists use a range of treatment options for first
permanent molars (FPM) affected by moderate and severe Molar-Incisor
Hypomineralisation (MIH), providing the first national insight into
professional decision-making regarding these teeth. In addition, children who
underwent either restorative treatment or extraction reported similar levels of
oral health-related quality of life (OHRQoL) and dental fear and anxiety (DFA)
at 11 years of age. The radiographic evaluation, at age 11 years, demonstrated
that early extraction influences eruption patterns in the maxilla but not the
mandible. Finally, both treatments improved OHRQoL, but extraction was
associated with higher costs, partly because a proportion of the extractions
were performed under general anaesthesia. When patients treated under
general anaesthesia were excluded, extraction became more cost-efficient.
Together, these findings provide an integrated understanding of MIH
management from the perspectives of the tooth, the clinic, the patient, and
society.

6.1 TOOTH PERSPECTIVE

From a tooth perspective, MIH presents significant diagnostic challenges,
largely due to the considerable variability in how the condition manifests itself
across and within individuals. Even with established criteria such as those from
the EAPD, clinicians may find it difficult to consistently classify teeth as
mildly or severely affected, especially during early eruption when enamel
characteristics are less clearly defined. (Jilevik et al. 2019)

The MIH diagnosis is fundamentally a synthesis of clinical and radiographic
findings. Clinically, careful inspection for demarcated opacities and early
breakdown is necessary, while radiographic assessment provides crucial
complementary information about the extent of structural loss and the
developmental stages of the teeth (Al-Nerabieah et al. 2025). To refine
diagnostic precision, Paper I introduced a modified classification system that
included a separate category for moderate MIH, expanding on the traditional
mild-severe distinction. This addition reflects the spectrum of clinical
situations typically encountered in dental practice and proved practical when
applied by the team of examiners. The inter-examiner calibration, which
involved three paediatric dentists, one orthodontist, and one general dentist,
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demonstrated excellent agreement. While this diversity strengthened the
calibration process, broader inclusion of general practitioners or repeated
calibration cycles could further enhance generalisability and highlight any
remaining diagnostic ambiguities.

A key limitation in current practice is the absence of MIH as a dedicated
diagnostic code in most electronic dental record systems (Shields et al. 2024).
As a result, MIH becomes obscured within general records that capture only
consequences, such as restorations or extractions, rather than the underlying
developmental defect. This lack of wvisibility restricts opportunities for
systematic surveillance and makes it more difficult to quantify the true burden
of the condition at population level. Overall, the tooth perspective emphasises
the need for clear, accessible, and standardised diagnostic frameworks that
integrate both clinical and radiographic information. Such frameworks would
support more consistent diagnostics, strengthen epidemiological monitoring,
and ultimately contribute to more predictable and equitable management of
MIH in clinical practice (Ghanim et al. 2015).

6.2 CLINICAL PERSPECTIVE

From a clinical perspective, the management of MIH-affected FPMs remains
particularly challenging, and the work in this thesis demonstrates how
treatment decisions are shaped not only by the clinician’s professional
background, experience, and expectations of long-term outcomes, but also by
patient and parent perspectives, including their preferences, values, and
perceived impact on daily life. Paper [ revealed variations between general
dentists, orthodontists, and paediatric dentists in their preferred strategies for
managing moderate and severe MIH, with specialists considerably more likely
to choose extraction, while general dentists predominantly favoured restorative
treatment. These findings are consistent with those reported in a Nordic study
in which clinicians identified resin-based restorative techniques and extraction
as the two principal treatment modalities for MIH-affected molars, reflecting
a broader Scandinavian pattern where the compromised enamel substrate limits
the durability of minimally invasive options and necessitates a choice between
attempted preservation and planned removal (Skaare et al. 2021).

Professional experience also played a notable role in shaping treatment
preferences. In Paper I, clinicians with longer clinical experience were more
inclined to recommend extraction, likely reflecting cumulative encounters with
restoration failure, persistent hypersensitivity, and difficulties achieving

43



Molar-Incisor Hypomineralisation — Treatment Aspects and Outcomes

adequate anaesthesia in MIH-affected teeth. This trend is consistent with
clinical intuition: although restoration may preserve the tooth in the short term,
the weakened enamel structure and increased propensity for post-eruptive
breakdown often lead to repeated and increasingly complex interventions
(Crombie et al. 2008). Over time, such experiences reinforce the perception
that extraction may provide a more predictable and less burdensome outcome
in severe cases, particularly when the expected need for retreatment is high.
Extraction tends to be considered the preferred option when extensive enamel
breakdown is present, symptoms of hypersensitivity are persistent despite prior
management, anaesthesia is consistently inadequate, or when the long-term
prognosis indicates that repeated restorative cycles are likely to be
unsuccessful. Orthodontic considerations further influence decision-making,
as timely extraction can facilitate spontaneous space closure or improve overall
arch alignment in some patients, making extraction a proactive rather than
reactive choice (Teo et al. 2013; Thilander and Skagius 1970).

The management of mild and moderate MIH presents a different set of clinical
dynamics. Mild MIH is typically managed by general dentists, who rely on
preventive measures, desensitising therapies, and fissure sealing, and specialist
referral is rarely required unless symptoms persist or diagnostic uncertainty
remains. In moderate MIH, however, where localised breakdown or a
symptomatology is present but the tooth is still restorable, decision-making is
more diverse (da Costa Rosa et al. 2024). Paper I showed that clinicians
frequently wanted input from paediatric dentists or orthodontists when
prognostic uncertainty arose, particularly in cases where the likelihood of
future breakdown was difficult to estimate or where the long-term orthodontic
implications of possible extraction required consideration.

Clinical decision-making in Sweden has also been shaped by the introduction
of national guidelines from the Swedish National Board of Health and Welfare
(Socialstyrelsen 2022), which recommends extraction of FPMs with severe
MIH. Although these guidelines were published after the data for Paper I had
been collected, they provide a clearer framework to support clinicians,
particularly general practitioners who may encounter fewer MIH cases, and
they align closely with the treatment patterns observed in Paper 1. Their later
introduction likely contributed to reducing variation in care and may help to
further standardise decision-making in cases where the prognosis has
historically been difficult to assess. However, treatment decision-making in
MIH is rarely linear, and individual clinician thresholds for extraction versus
restoration are shaped not only by clinical experience but also by contextual
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factors such as organisational structures, appointment availability, access to
specialist consultation, and local treatment cultures. These contextual
influences may partly explain the variation observed in Paper I.

Radiographic and developmental considerations add yet another dimension to
the clinical perspective. Paper III demonstrated that early extraction of FPMs
has distinct effects in 11-years-olds. In the maxilla, second permanent molars
tended to erupt more favourably on the extraction side, both in terms of mesial
angulation and eruption length, whereas mandibular teeth showed no
significant differences between the extraction and non-extraction side. These
findings reinforce earlier research indicating that spontaneous space closure
and favourable molar positioning are more predictable in the maxilla, while
outcomes in the mandible remain more variable (Aldahool et al. 2024).
Notably, Paper III found no evidence of overeruption of the antagonistic first
permanent molar by age eleven, a clinically important observation given
concerns that early extraction may disrupt vertical occlusal relationships.
Furthermore, the root development stage of the successor teeth showed no
correlation with eruption ratios or angulation changes, contrasting with earlier
studies suggesting that root development is a decisive determinant of eruptive
outcomes (Teo et al. 2013).

An important methodological aspect of Paper Il was the choice to calculate
eruption length and angulation using ratio-based measurements rather than
relying on absolute linear or angular values. This approach was used because
panoramic radiographs are known to be affected by distortion and
magnification errors, which vary depending on patient positioning, head tilt,
and rotation. Several studies have demonstrated that linear and angular
measurements on panoramic radiographs can become unreliable under such
circumstances (Stramotas 2002; Flores-Mir et al. 2014). However, other
research has shown that ratio-based calculations remain consistent and
accurate when measurements are taken longitudinally in the same patient, as
proportional distortions tend to remain stable across time points (Stramotas et
al. 2008). This methodological choice strengthens the validity of the results,
particularly given that a larger proportion of the panoramic radiographs
contained positioning errors.

6.3 PATIENT PERSPECTIVE

From a patient perspective, MIH influences daily life, shaping children’s
physical comfort as well as their emotional and social wellbeing. Findings
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from Paper I clearly illustrate this burden: before treatment, children reported
considerable impairment, with oral symptoms and functional limitations
emerging as the most affected domains. Hypersensitivity, discomfort during
brushing, and difficulties eating were common complaints. These experiences
align with previous research showing that the visibility and chronic nature of
MIH symptoms may affect children’s social interactions and self-image
negatively (Jilevik et al. 2022).

In Paper II, patient-reported outcome measures (PROMs), CPQ11-14 and
CFSS-DS, proved essential to capture these subjective aspects of MIH.
Regardless of whether children underwent restorative treatment or extraction
of the MIH-affected FPMs, both treatment groups showed improvements in
OHRQoL over time, indicating that relieving discomfort, rather than the
specific treatment modality, is the primary driver of enhanced wellbeing
(Altner et al. 2022). By age eleven, overall CPQ11-14 scores did not differ
significantly between the groups, reinforcing that children value symptom
relief more than whether the affected tooth is preserved or removed. Notably,
as presented in Paper IV, a larger proportion of children in the extraction group
achieved clinically meaningful improvement, suggesting that eliminating a
severely symptomatic tooth may provide more noticeable relief for some
patients.

Gender differences also emerged: Girls consistently reported lower OHRQoL
than boys at follow-up. Patterns described in other PROM-based studies of
MIH show that girls tend to report greater sensitivity to pain, discomfort, and
aesthetic concerns, whereas boys may underreport symptoms due to social
norms around expressing distress (Tugcu et al. 2022; Gutiérrez et al. 2019).
These findings underscore the importance of recognising gender-related
differences when tailoring communication, expectations, and support
strategies. Dental fear and anxiety (DFA) followed a similar pattern. At
baseline and follow-up, girls exhibited higher DFA scores than boys,
consistent with the broader literature (Kosma et al. 2016; Cuthbert and
Melamed 1982). Importantly, despite extraction being more invasive, DFA
levels did not differ between treatment groups at age eleven, and both groups
demonstrated reduced DFA over time.

Paper Il also highlighted the relevance of sedation and coping ability. Children
treated under general anaesthesia (GA) showed higher DFA scores than those
treated without sedation. However, the sedation method did not predict DFA
at follow-up when baseline fear levels were considered. This pattern suggests

46



Adnan Hajdarevié¢

that children requiring GA likely had more DFA before treatment rather than
develop fear because of sedation (Taskinen et al. 2014). These findings
reinforce the importance of individualised behavioural strategies and careful
assessment of coping ability during treatment planning.

A central implication of this perspective is the importance of involving
children and their caregivers more actively in treatment discussions. Research
has shown that children with MIH often feel insufficiently heard in decision-
making, despite the condition having a direct impact on their daily functioning
(Taylor et al. 2024). Given that both major treatment pathways result in
comparable long-term patient-reported outcomes, there is a strong rationale for
adopting a more child-centred approach in which preferences, concerns, and
expectations are explicitly acknowledged.

6.4 SOCIETY PERSPECTIVE

From a societal perspective, MIH represents a considerable yet largely
unrecognised burden within paediatric dental care. Although prevalence
estimates indicate that around 13% of children worldwide are affected
(Schwendicke et al. 2018), the impact on dental services is disproportionately
driven by the minority with severe MIH. Paper IV shows that both restorative
and extraction approaches contribute to sustained healthcare utilisation, with
similar patient-reported improvements in OHRQoL. The absence of a
diagnostic code for MIH within most dental record systems prevents accurate
quantification of the condition’s prevalence and its economic implications
(Shields et al. 2024). Consequently, MIH remains largely overlooked in
national statistics, despite clinical evidence suggesting a substantial burden
(Schwendicke et al. 2018).

Paper IV provided the first patient-level cost-effectiveness analysis of
restorative versus extraction treatment for MIH-affected FPMs and revealed
several important findings from a societal perspective in 11-year-olds.
Healthcare costs were significantly higher in the extraction group when GA
was included, underscoring GA as a major cost driver. Non-healthcare costs,
such as caregiver time away from work and travel, were substantial across both
treatment groups, showing that MIH affects families as well as healthcare
systems. When GA-treated patients were excluded, extraction required fewer
visits and shorter chair time, resulting in lower healthcare costs compared with
restorative treatment. These results highlight that decisions regarding the use
of GA have profound economic implications (Sanghvi et al. 2023), and that
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avoiding repeated restorative cycles may reduce costs for both families and the
healthcare system.

The management of molars affected by MIH varies considerably across
countries, largely due to differences in national dental care systems, funding
models, and clinical guidelines. In some settings, treatment decisions are
heavily influenced by financial constraints and access to specialist care, while
in others, publicly funded systems enable more standardised management
pathways. Such international variation illustrates that MIH is not solely a
clinical challenge but also a societal and organisational one, raising questions
related to equity, cost distribution, and the structure of healthcare delivery.
(Lygidakis et al. 2022)

In general healthcare, decisions regarding resource allocation are guided by
ethical frameworks that emphasise three core principles: equal value for all
individuals, needs and solidarity, and cost effectiveness (Pinkerton et al. 2002).
These principles state that the same health problem should be treated with the
same level of resources regardless of socioeconomic background. However, in
dentistry, these principles are not always applied uniformly. Dental care
funding models differ substantially between countries, and dental treatment is
often only partly publicly funded, meaning that children’s access to appropriate
MIH care may vary depending on geography or family economy (Ardakani
and Bayati 2025). This disparity underscores the need to consider MIH not just
clinically but also through a health-policy and equity lens. In Sweden, all
children and adolescents are entitled to free dental care until the year they turn
19 years of age (The Parliament of Sweden 1985). This universal model
ensures that all children receive the same dental care, regardless of
socioeconomic status or place of residence. Such an arrangement offers unique
conditions for both equitable clinical care and high-quality research.
Importantly, it is largely thanks to this publicly funded system that studies on
the cost effectiveness of MIH treatment strategies, such as Paper IV, can be
conducted without the confounding influence of patient-level costs. Moreover,
because orthodontic treatment is also included when an orthodontic treatment
need is present, extraction can be considered a viable treatment option, as any
resulting orthodontic requirements are similarly covered within the system.

6.5 RESEARCH PERSPECTIVE

From a research perspective, the studies included in this thesis illustrate both
the complexity of MIH as a clinical condition and the methodological
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challenges inherent to investigating it within paediatric dentistry. The cross-
sectional survey in Paper I enabled the exploration of professional attitudes
and variation in clinical practice across a sample of Swedish clinicians,
offering insights into how treatment decisions are formed. However, the
response rate of 36% represents a limitation, and although similar
questionnaire-based studies in dental research frequently report modest
participation rates, particularly when distributed to broad practitioner
populations, the risk of non-response bias remains (Serna-Mufoz et al. 2020;
Gamboa et al. 2018). Additionally, the use of hypothetical clinical scenarios,
while necessary for standardisation, cannot fully capture the complexities of
real-life decision-making, where factors such as behavioural management,
parental preferences, child cooperation, and the child’s own symptom burden,
including pain, hypersensitivity, and functional difficulties, significantly
influence treatment outcomes. Although these studies collectively deepen our
understanding of MIH management from multiple perspectives, the findings
must also be interpreted within the methodological and contextual boundaries
of the included work. The integration of clinical, radiographic, patient-
reported, and economic outcomes offers a multifaceted picture; nevertheless,
important gaps remain.

Paper I, a prospective randomised comparison of restorative treatment and
extraction, provided an opportunity to study patient-reported outcomes
following two fundamentally different management strategies for MIH-
affected molars. Randomisation strengthened internal validity, although
blinding was impossible due to the nature of the interventions. The study did
not reach its initially calculated power, a challenge that reflects the inherent
difficulties of recruiting young children into controlled research. In paediatric
dentistry, such constraints are common, and dropping studies solely due to
under-recruitment is neither ethical nor scientifically appropriate. Rather, as
Edwards et al. (1997) emphasise, transparent reporting of recruitment
challenges is essential.

A central consideration in Paper Il was the choice of PROMs, given the
importance of accurately assessing the patient-reported impacts of MIH. The
CPQI11-14 was chosen due to its widespread use, strong psychometric
properties, and suitability for children in the studied age range (Jokovic et al.
2006; Dimberg et al. 2019). It offers domain-specific insights into oral
symptoms, functional limitations, emotional wellbeing, and social wellbeing;
features that align well with the multifaceted nature of MIH impacts. The
CFSS-DS was selected as it is one of the most validated and widely used tools
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for assessing DFA in children (Cuthbert and Melamed 1982; Klingberg 1994).
Nonetheless, Paper Il demonstrated several limitations common to PROM-
based MIH research: no MIH-specific OHRQoL instrument exists, meaning
that generic tools may fail to capture hallmark MIH features such as chronic
hypersensitivity, unpredictable pain episodes, difficulties achieving adequate
anaesthesia, and post-eruptive breakdown. These symptoms differ
meaningfully from the generalised discomfort assessed in standard
instruments, and previous qualitative work has suggested that generic PROMs
may underestimate MIH-related burden. Similarly, the CFSS-DS does not
include extraction-specific items, restricting its ability to measure treatment-
related fear despite extraction being central to MIH care. While PROMs
offered essential insight into children’s lived experiences, their generic nature
may not fully reflect MIH-specific challenges such as episodic
hypersensitivity, difficulties achieving adequate anaesthesia, or anxiety related
to post-eruptive breakdown. This raises questions about the extent to which
existing instruments capture the true burden of MIH. The development of
MIH-specific PROMs could therefore refine the assessment of treatment
outcomes and enhance child-centred communication.

Paper 111, a split-mouth radiographic study, provided clinical insights into
eruption patterns following early extraction at age 11 years. The measurement
reliability was excellent, but panoramic radiographs are known to be
susceptible to magnification differences and distortions caused by head
positioning, as documented in several imaging studies. To minimise such
limitations, the analyses relied on ratio-based measurements of eruption length
and angulation, an approach supported by research showing that proportional
measurements remain stable across time within the same individual despite
image distortion (Stramotas 2002). Although this strategy strengthened the
validity of comparisons between extraction and non-extraction sides, absolute
linear measurements should still be interpreted with caution. A further
limitation is the relatively short follow-up period ending at age eleven, which
does not allow conclusions regarding long-term occlusal development or third
molar maturation. Despite these constraints, the study provided evidence that
early extraction affects eruption patterns in the maxilla but not the mandible,
and that concerns about early overeruption may be less clinically relevant than
previously assumed.

Paper IV extended the research scope by examining the economic implications
of restorative versus extraction-based management. The study demonstrated
that at age 11 years, GA is the primary driver of increased healthcare costs and
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that extraction without GA may be more resource-efficient than repeated
restorative cycles. Moreover, economic outcomes are context-dependent, and
findings may not be generalisable to dental systems with different funding
structures (Leavy et al. 2025).

Research involving young children requires balancing methodological rigour
with participant welfare. In Paper II, allowing clinicians, not the research
protocol, to determine whether GA was appropriate ensured that study
participation did not subject children to added procedural risk. The difficulty
of achieving large sample sizes or fully controlled conditions reflects the real-
world constraints of dental research (Loomans et al. 2024). The research in this
thesis also highlights that MIH affects not only the child but the wider family,
as repeated visits, treatment-related discomfort, and missed school or work
impose logistical and emotional burdens. The ethical principle of respect for
autonomy is also central in MIH research. Even though young children cannot
provide full legal consent, they can express preferences, fears, and levels of
understanding that must meaningfully inform both clinical decisions and
research procedures. Ensuring opportunities for assent, explaining procedures
in age-appropriate ways, and involving caregivers in shared decision-making
reflect a commitment to promoting the child’s emerging autonomy while
upholding the family’s role in health-related choices.

International comparisons further demonstrate that MIH management is
influenced by the organisation and financing of dental care systems. Treatment
decisions may be constrained by cost, access to specialist services, or national
guidelines, underscoring that MIH is both a clinical and societal issue. In
general healthcare, resource allocation is guided by principles of equality,
need, and cost effectiveness, but dentistry is often separated from these
frameworks, leading to variation in service provision across countries. The
Swedish model, in which dental care is free for all individuals up to age 19
(The Parliament of Sweden 1985), provides unique conditions for equitable
clinical care and for conducting research such as the studies in this thesis, as
patient-level financial barriers do not confound treatment decisions or cost
analyses.
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7 CONCLUSION

Clinicians showed substantial variation in how they manage first permanent
molars affected by MIH. Specialists were more likely to recommend extraction
of teeth with moderate or severe Molar-Incisor Hypomineralisation, whereas
general dentists more often chose restorative approaches and frequently
wanted support from paediatric dentists. These differences highlight the
influence of clinical experience and professional background on treatment
decisions.

Both restorative treatment and extraction improved children’s oral health-
related quality of life and reduced dental fear and anxiety by the age of eleven
years. The findings indicate that symptom relief, rather than the specific
treatment modality, is what matters most to the child, supporting a child-
centred approach to decision-making.

During an ongoing growth process at eleven years of age, early extraction
influenced the eruption pattern of adjacent teeth differently in the maxilla and
the mandible. Maxillary second permanent molars erupted more favourably on
the extraction side, while mandibular teeth showed no such differences. No
overeruption of opposing molars was observed, and root development stage
did not correlate with eruption outcomes.

From a health-economic perspective, in eleven-year-olds, extraction was
associated with higher costs when general anaesthesia was required but
became more cost-efficient when performed without it. Restorative treatment
frequently involved repeated interventions, illustrating the long-term resource
implications of preserving severely affected teeth.
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8 FUTURE PERSPECTIVES

Although the present thesis adds important knowledge about the management
and consequences of Molar-Incisor Hypomineralisation (MIH), several key
questions remain unanswered. The findings highlight the need for research that
follows children into adolescence and early adulthood, as clinical and
psychosocial outcomes evolve long after the age of eleven. To understand the
true long-term implications of restoring or extracting first permanent molars,
future studies must adopt wider time horizons.

A particularly timely opportunity for future research arises from the
questionnaire study presented in Paper I, which offers a valuable baseline for
understanding clinicians’ decision-making prior to the introduction of national
clinical guidelines. Since that study was conducted, the Swedish National
Board of Health and Welfare has published national guidelines for the
management of children’s dental care, including clear recommendations for
the treatment of MIH-affected first permanent molars. Repeating the
questionnaire study in the current clinical landscape would allow for direct
comparison with the baseline established in Paper I, providing insight into
practitioners’ adherence to the new guidelines, shifts in treatment preferences,
and potential barriers to implementation. Such a comparison would also help
determine whether national guidance has contributed to greater consistency
between general dentists and specialists, or whether variations in clinical
practice persist despite these recommendations.

One of the clearest priorities is extended follow-up of patient-reported outcome
measures (PROMs). Improvements in oral health-related quality of life were
observed in both treatment groups at the 11-year follow-up, yet it is uncertain
whether these gains persist as children move through puberty, develop stronger
aesthetic awareness, and assume greater responsibility for their own oral care.
Longitudinal PROMs studies extending to 15 or 18 years of age would
therefore provide valuable insights into how early clinical decisions shape later
wellbeing and treatment expectations. In addition, qualitative PROM research,
such as interviews, could deepen the understanding of how children interpret
questionnaire items and identify MIH-specific impacts that may not be
captured by generic instruments, thereby guiding the development of more
sensitive MIH-focused tools.

The durability of restorations in MIH-affected molars is another pressing area
for future work. Clinical experience and previous research suggest that
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restorations in these teeth have a limited lifespan and often require repeated
intervention. The observations from this thesis, such as the frequency of re-
treatment and the substantial costs associated with teeth requiring general
anaesthesia, reinforce the need for long-term evaluations of restorative
materials and techniques.

Further research is also needed to clarify the orthodontic consequences of early
first molar extraction. Although the present findings show notable effects on
maxillary second molar eruption at eleven years, many orthodontic outcomes
only become apparent later in adolescence. It is therefore essential to
investigate whether spontaneous space closure is completed, whether initial
tipping or rotations self-correct, and whether extraction influences the
development or later eruption of third molars. Mapping these outcomes in
relation to dental developmental stages at the time of extraction would help
refine recommendations on optimal timing and identify children who may
require early orthodontic referral.

Another promising direction for future research concerns diagnostic
development. Current MIH classifications rely heavily on clinical judgement,
and there is no universally adopted index capable of capturing severity,
symptom burden, and risk of deterioration. Advances in digital dentistry and
machine learning present opportunities to create more objective diagnostic
tools that can detect MIH earlier, classify severity more consistently, and
predict long-term outcomes such as restoration failure or need for extraction.
Such tools could improve standardisation across clinics, support more accurate
epidemiological reporting, and enhance personalised treatment planning.

From a health-economic standpoint, there is considerable scope to expand the
analysis beyond the early school years. The study presented in this thesis
demonstrates that the costs associated with MIH care vary substantially
depending on sedation needs and the number of affected teeth. A logical next
step is the creation of long-term economic models that follow children from
diagnosis into early adulthood, incorporating treatment patterns, PROMs,
sedation requirements, and potential orthodontic interventions. Such models
could guide more efficient allocation of resources and inform the development
of clinical decision support tools aimed at tailoring treatment to individual risk
profiles.
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USE OF GENERATIVE Al

A generative artificial intelligence tool (ChatGPT) was used selectively during
the preparation of this thesis. The use of ChatGPT was limited to language-
related support, including improvements in grammar, sentence structure,
clarity, and, where relevant, translation.

All scientific aspects of the work, including study design, data collection, data
analysis, interpretation of results, and conclusions, were solely the
responsibility of the author. ChatGPT was not used for data generation,
statistical analysis, or for making scientific or methodological decisions. All
Al-generated suggestions were critically reviewed, revised where necessary,
and approved by the author before inclusion in the final text.

The use of ChatGPT complied with the University of Gothenburg’s guidelines
for responsible academic writing. In addition, the final version of the thesis
underwent professional language proofreading.
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APPENDIX

8.1 APPENDIX |

Photographic reference manual for diagnosing first permanent molars affected
by Molar-Incisor Hypomineralisation

Degree 1 (without symptoms) and Degree 2 (with symptoms)

Opacities with no, or minimal breakdown.
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Degree 3 (without symptoms) and Degree 4 (with symptoms)

Opacities with moderate breakdown, preserved morphology, with 1-2 surfaces
affected.
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Degree 5

Opacities with severe breakdown, loss of normal morphology, > 2 surfaces
affected, possibly with caries.
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Degree 6

Severe breakdown with extensive lesion.
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