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Abstract
Aim
To evaluate the surface roughness, mineral density and colour change of MIH affected teeth following

surface treatment using two protocols; ICON Resin Infiltration (IRF) and Micro-abrasion followed by CPP-

ACP (MCP).

Materials and methods

50 extracted human teeth were used in the study, 10 sound enamel [Group 1(SE)] as a control
group and 40 MIH enamel; 20 white-creamy [Group 2(IRF) and Group 3(MCP)] and 20 yellow-
brown [4(IRF) and 5(MCP)] which were divided evenly based on theircolourand DIAGNOdent (DD)

readings followed by randomisation prior to receiving two treatment (IRF and MCP). Measurements
were done at baseline and post-treatment (after 7 days, 1 and 3 months) using Image J (colour),
DIAGNOdent pen (DD), profilometry (Ra) and micro-CT (MD). Data was analysed using SPSS at a

significant level (p<0.05).

Results

IRF showed significant improvement compared to MCP in restoring lightness of MIH lesion after 1
month(white-creamy)and 3 months(yellow-brown) with the L* values close to those of SE (p<0.05). The
largest increase in AE values was in MCP groups which was significance at up to 1 month for yellow-
brown MIH lesions and up until 3 months for white-creamy MIH lesion (p<0.05).

The lowest Ra was observedin SEfollowed by MCP. Ra significantly increased in MCP and IRF for white -
creamy MIH after 1 month (p<0.05) while a significant reduction in Ra was observed only in MCP for
yellow-brown MIH (p<0.05). DD was lowest in SE group followed by white-creamy MIH. DD decreased
significantly only for SE group after 7 days (p<0.05) and no significant difference was observed in
intervention groups (p>0.05). At baseline, SE had the highest MD followed by white -creamy MIHand the
lowest in yellow-brown MIH (IRF and MCP).

Conclusion
IRF had potential in improving lightness of the MIH lesion while MCP was more effective in colour
change especially masking white-creamy MIH lesions as well as the potential for Ra reduction. SE

exhibited better colourimprovement, lowest Ra, DD and highest MD compared to intervention groups.
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1 Introduction

Molar incisor hypomineralisation (MIH) is defined as a qualitative, demarcated, enamel defect of
hypomineralisation affecting at least one first permanent molar (FPM), while often permanent incisors
are also affected (Weerheijm et al 2001). According to the European Academy of Paediatric Dentistry
(EAPD) diagnostic criteria, at least one or more FPMs should have one of the following characteristics:
demarcated enamel opacity, post-eruptive enamel breakdown, atypical restoration, or atypical
extraction due to MIH (Weerheijm et al. 2001, Lygidakis et al.2010). A global MIH prevalence has been
reported as 13.1% (11.8%-14.5%) with significant differences between regions and countries
(Schwendickeetal. 2018). The aetiology of MIHis unclearand believed to be multifactorial (Alaluusua et

al. 2010, Fatturi et al.2019)

MIH-affected teeth are characterized by reduced mineral contents of enamel (Farah etal. 2008, Farah et
al. 2010, Fearne et al. 2004) and mechanical properties leading to lower strength and hardness of the
enamel. This could lead to increased tooth sensitivity to food, drinks and thermal changes which depend
on the enamel porosity or reduction in mineral content. Furthermore, clinical presentation of MIH has
been reported to determine the severity with dark-brown enamel considered worse than yellow
enamel, which is, in turn, worse than white-creamy enamel (Farah et al.2010). MIH-affected children
face several difficulties in their life like aesthetic concerns and sensitivity and pain, from these teeth

which may further affect the quality of life of these children (Joshi et al. 2022).

Management of MIH-affected teeth is usually a complex process and different factors need to be
considered before treating these teeth such as patient cooperation, stage of dental development and
defectseverity as wellas patient, parental preferences, otheranomalies and the psychosocial impact on
the child must be taken into consideration. Management approaches for MIH-affected incisors with
micro-abrasion (Bhandari et al.2019), IRF and a combination of approaches have been reported
(Hasmun et al.2020). Otherstudies reported strategies to mineralize and reduce hypersensitivity using
5% fluoride varnish, 10% Casein phosphopeptide-amorphous calcium phosphate (CPP-ACP), 10% CPP-
ACP créme with 900 ppm fluoride and ozone (Ozgiil et a. 2013).

However, to date, there has not been any study using the range of MIH-affected teeth toinvestigatethe
effect of ICON resininfiltration (IRF) and micro-abrasion followed by CPP-ACP application (MCP) on the
colour, surface roughness and mineral density of these teeth prior and post-treatment and compare

with sound enamel (SE).
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In this research project, the effects of IRFand MCP have beeninvestigated on white-creamy and yellow-
brown MIH enamel lesions with response to their colour, surface roughness and mineral density prior

and post-treatment and compared with SE in vitro.
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2 Literature Review

2.1 Dental enamel formation

Dental enamel isthe visible outermost covering of the tooth. It is the hardest tissue in the human body
that contains a high amount of minerals(Hu Jan C.C, etal., 2007). Embryonically, amelogenesis starts by
developing dentallaminawhich involves the inward growth of the thickened oral epithelium. The dental
lamina then folds and penetrates the underlying mesenchyme derived from cranial neural crest
cells(Chai etal., 2000) to form dental placode, bud, cap and bell stages. These stages are crucial for the
formation of the crown of the tooth(Lacruz, Rodrigo S. et al., 2017), later signals from mesenchyme
regulate the formation of the enamel knot which results in the transition from bud to cap
stage(Vaahtokari etal., 1996). Therefore the interaction between dental epithelium and mesenchyme
regulatestooth morphogenesis hence the expression of the signalling molecules in the enamel knot is
responsible for regulating the more advance stages of tooth morphogenesis which indicates that the
enamel knot is a signalling centre that guides the development of tooth crown. Followed by basic cap
stage formation, the cells of dental hard tissue continue to differentiate; the contact and interaction
between mesenchymal cells and dental epithelium differentiate into odontoblasts and the adjacent
inner enamel epithelium give rise to ameloblasts. Meanwhile, the bell stage of tooth development
results in epithelial expansion to differentiate into four types of epithelial cells which are the inner
enamel epithelium, the stratumintermedium, the stellate reticulum and the outer enamel epithelium.
Matalova & Sharpe reported that this process of ameloblast differentiation is initiated by odontoblasts
and the cells of stratum intermedium via molecular signals such as bone morphogenic protein( BMP)
and fibroblast growth factor (FGF) (Matalova E, Lungova V and Sharpe P, 2015) and the secretion of the
firstlayer of predentine initiate the terminal differentiation of the preameloblast (Miletich and Sharpe,
2003). On the otherhand, the Innerenamel epithelium which is asingle layer of cells differentiates into
enamel matrix—secreting ameloblasts (Lacruz, Rodrigo S. et al., 2017) and is primarily responsible for
enamel formation and mineralization. The innerand outer enamel epithelium meet at the cervical loop,
a place for dental epithelial stem cells that provide a constant supply of enamel-forming cells until the

full formation of the enamel crown.

The process of enamel formation which is referred to as amelogenesis involves several stages. Some
studies have classified the stages into the presecretory stage, the secretory stage and the maturation

stage(Warshawsky and Tissues, 1985). Robinson et al described the major stages being the secretory,
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transition and maturation stages and others described the stages to be presecretory, secretory,
transition and maturation (Bartlett J.D, 2013), and in each stage, ameloblasts have been reported to

fulfil a more or less exclusive function.
2.1.1 Presecretory Stage

This stage starts with the deposition of predentine by odontoblasts at the future dentino-enamel
junction (DEJ) before mineral formation. This begins from the cusp tip towards the cervical region of the
tooth. Predentine which is composed of collagenous and non-collagenous proteins is the first to
mineralize beneath the future DEJ which is followed by the differentiating pre -ameloblasts extending
cytoplasmic projections through the basement membrane. It is at this stage that the differentiating
ameloblasts acquire their phenotype, change polarity, develop an extensive protein synthesis apparatus
and prepare to secrete the organicmatrix of enamel. Not only does deposition of predentine take place
at this stage butalsoinnerenamel epithelium starts differentiating into ameloblasts that are ready for

secretion (Bartlett J.D, 2013).
2.1.2 Secretory stage

Pre-ameloblasts are transformed into secreting ameloblasts; they get elongated into columnar cells to
form Tome's Processes at theirapical ends close to the forming enamel (Bartlett J.D, 2013). The Tomes
process makes a junction thatforms between enamel and the ameloblasts with a picket-fence or saw-

toothed appearance.

During amelogenesis, ameloblasts secrete enamel matrix proteins such as amelogenins, enamelins,
ameloblastins and Tuftelins into the enamel space and they later break down proteolytically.
Amelogenin comprises approximately 80-90% of the inorganic matter while ameloblastin and enamelins

comprise 5% and 3%-5% respectively (Bartlett J.D, 2013).

Ameloblastins play a crucial role in maintaining ameloblast differentiation, essential for enamel
formation as well as stopping proliferation of ameloblasts. On the other hand amelogenins and
enamelins are essential for the deposition of hydroxyapatite crystals. During maturation when
ameloblasts produce proteinases like matrix metalloproteinase MMP, amelogenins and ameloblastins
are removed (MatalovaE, LungovaV and Sharpe P, 2015). It isin this way that the ameloblasts regulate
the hydroxyapatite crystals within the enamel space to form enamel which is arranged in a prismatic

appearance and composed of rods extending from dentino-enamel junction to the enamel space and
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theinterrod enamel located around the enamel rods(Miletich |, and Sharpe PT 2003). The whole process
of amelogenesis terminates at the time of tooth eruptionand so no production of secondary enamel or

regenerative enamel appears once the tooth has erupted.

A newly erupted tooth is susceptible to acid dissolution in the oral cavity. This is because the enamel
once erupted in the oral cavity is very porous and permeable and allows penetration of up to 200 um
intosubsurface enamel. However, itis protected by the acquired enamel pellicle that covers the surface
of the tooth as soon as the tooth erupts. Salivary-acquired pellicle(SAP) is 0.1-1.0micrometer thick
(Garcia Godoy, F and Hicks MJ, 2008) composed of proteins and glycoproteins(Yang et al., 2017).
Furthermore, Some of the salivary proteins (statherin, PRPs) in the pellicle also bind to hydroxyapatite
crystals in the surface and subsurface enamel to protect against demineralization upon acid

challenge(Garcia Godoy, F and Hicks MJ, 2008).

Statherin, a vital constituent of the SAP consists of 43 amino acids and has a high affinity of calcium
phosphate that could adsorb on hydroxyapatite surface. The first six peptides; DpSpSEEK of the N-
terminus of statherin has been reported to have the potential to restore demineralized enamel. Yang Y
et al found that the acid-etched tooth enamel slices treated with DpSpSEEK peptide grew nano-rod
crystals uniformly compared to the slices which were soaked in saliva for one day which also
regenerated crystals but were distributed randomly and were in different sizes, shapes and

directions(Yang et al., 2017)

2.1.3 Transition and Maturation stage

In these stages the pre-existingenamel crystals widen and thicken, this is a very fundamental process.
Before the layer of enamel reachesits full thickness, the ameloblasts stop moving relative to each other,
Tomes Processes are retracted and the enamel surface smoothens and the cells become flatter and
shorterduringthe transition stage. In the maturation stage, ameloblasts carry out the activity of enamel
matrix protein degradation and replace them with inorganic material. This is achieved with the help of
kallikrein-related peptidase-4 (KLK4) secreted by ameloblasts (Bartlett JD, 2013) which is induced by
transforming growth factor B1 (TGF-$1)

According to Simmer, the expression of KLK4 by ameloblasts starts at the beginning of the transition

stage and lack of secretion and activity of KLK4 resulted in enamel defects in mice (SimmerJ.P, HuY,
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Lertlam R, Yamakoshi Y and Hu Jan.C.C, 2009). KLK4 also plays a role in proteolytic degradation of the
residual matrix to simplify its removal and provide space for the expansion of pre-existing crystals;
therefore any disturbance in TGF-B1 will affect the secretion of KLK4. A study conductedinrats and mice
found that enamel exposure to fluoride significantly lowered TGF-B1 levels in rat enamel organ and
contributed to reduced KLK4 protein levels in fluorosed enamel leading to higher protein contentin
fluorosed enamel than in normal enamel which in turn reduced enamel hardness (Suzuki, M.et al.,
2014). Similarly, 8--21-fold higher protein content was reported in MIH teeth compared to normal

enamel (Farah, RA, Monk, BC, Swain, MV and Drummond, BK, 2010).

In early enamel formation, itis partially mineralized to approximately 30% and this thenincreases as the
organic matrix is broken down and removed. The crystals grow wider and thicker, organic matrix and
waterare lostand minerals are added. This happens afterthe full thickness of enamel has been formed
and the mineral contentincreases to 96% which makes up the inorganic portion of the enamel whereas
the remaining4%isthe organicportion. SugaS reported that mineralization starts asthe enamel matrix
is laid down and proceeds during the maturation stage (Suga, 1989). Initially, mineralization begins at
the surface and proceeds towards the inner layer and later heavy mineralization starts from the inner
layertowardsthe surface. It has beenreported during the early stages of mineralization, enamel usually
is dull, white and soft and it becomes hard translucent enamel in the late stages of development

(Suckling, 1989).
2.2 Disturbance during enamel formation

Ameloblasts are very sensitive to external stimuli and any disturbance can result in an enamel defect.
Remodeling does not occur afterenamel formation therefore any disturbance during formation will lead
to the formation of permanent marks or lesions. Several factors affect the appearance of the defect on
the enamel and when these factors act simultaneously, the severity of the defect becomes even worse.
Factors reported to cause these defectsincludethe stage at which the insult occurs, the severity of the
insult causing temporary or permanent cessation of the cell's activity, the duration of the insult, the
specific agent involved and the phase of ameloblastic activity (Suckling, 1989). These changes during
enamel matrix formation (secretion phase) lead to hypoplasia while disturbances during the maturation
phase resultin hypomineralization regardless of the presence of the hypoplastic defect (Suga, 1989). As
aresultdamage during the secretory phase resultsin very thin enamelwhereas if the maturation phase
is disturbed, the resulting enamel leads to the appearance of bands of chalky opaque porous enamel

(Moss-Salentijn and Hendricks-Klyvert, 1990, Suckling, 1989). This explains the fact that hypomineralized

21



enamel usually contains higheramounts of organicsubstances than normal mineralized enamel. Due to
the dysfunction of the resorptive activity of ameloblasts and Inhibition of proteolytic enzyme activity,
enamel proteins are left behind blocking the growth of crystals (Crenshaw, 1984) suggesting a
qualitative defect ratherthan quantitative in hypomineralized teeth. Another study was conducted on
sheep where an instrument was inserted in a developing permanent incisor crypt and reported a
disturbance in ameloblasts leading to the cessation in the secretory function of the ameloblasts and

resulted in hypoplasia due to damaged ameloblasts followed by hypomineralization (Suckling, 1980).

Suckling claimed that the causative insults do not appear to have significant importance in the final
appearance of the defect because many different local and systemic causes present defects of similar
appearance and physical characteristics, however the timing, duration and severity of the insults either
during secretory or maturation stage has a great effect on the location and appearance of the defect

(Suckling, 1989).

The aetiology of these defects can be classified as resulting in localized defects affecting few teeth or
generalized defects involving most or all teeth and the factors involved can be as many as over 90
different factors (Small and Murray, 1978). Localized defects can be a result of trauma, infection or
irradiation while generalized defects are a result of genetic or systemic disturbances including
intoxication, perinatal and postnatal problems, malnutrition, infectious disease and other medical

conditions (Small and Murray, 1978).

2.3 Fluorosis

Enamel fluorosis is a developmental defect characterized by hypomineralization of the enamel as a
result of the excessive ingestion of fluoride during tooth development. The severity of the condition
dependsonthe amountand duration of fluoride intake during enamel formation as well as the plasma
concentration of fluoride that bathes the enamel organ (Angmar-Mansson, B., Ericsson, Y. and Ekberg,
0., 1977). According to Evans and Stamm in 1991, permanent maxillary central incisors are more
susceptible to fluorosis and the most critical ages of susceptibility are a four-month period after birth
starting from 22 months as this relates to the development of the incisal region and exposure prior to
this period carried less risk and lesion are localized while a continued exposure for a long time after this
period up to 36 months result in the spread of the risk (Evans and Stamm, 1991). This has been
explained further by Suga that the central incisors are presumed to have formed 16 months after birth

but not matured. The presence of fluoride during maturation interferes with the maturation process by

22



blocking the removal of organic substances leading to cessation of crystal growth and subsequent
hypomineralization (Suga, 1989). This indicated that the fluoroticchanges are related to the disturbance
during the maturation stage of tooth development. Ishii T and Suckling G reported that fluorosis was
related with high fluoride intake and that the longest exposure to high fluoride from 35-42 months
showed more severe effects while exposure between 24-33 months had very mild, mild or moderate
and the exposure between 11-22 months had minor enamel abnormalities(Ishii and Suckling, 1986).
These changes begin with lower incisors which complete mineralization around 2-3 years of age
(Denbesten, P. and Li, W., 2011). Similarly, another study reported a high risk of fluorosis in children
who were taking fluoride supplements at the age of 2.5 years compared with children who started these
supplements at a later age(Larsen et al., 1985). However dental fluorosis reduced significantly when
fluoride concentrationin water was lowered from 1.0 to 0.7mg/L among children in Hong Kong (Evans,

1989).
2.3.1 Aetiology of dental fluorosis

Excessive intake of fluoride during tooth formation leads to dental fluorosis. It is a result of constant
exposure of the developing tooth germto elevated plasma fluoride concentrations. Dental fluorosis has
been linked with the use of systemic fluorides such as the high amount of fluoride intake from water
which exceeds 1ppm, infant formula reconstituted with fluoridated water, supplements (tablets,
lozenges and drops) and denitrifies (Ismail, A.l et al, 1990). This was associated with the frequency and
amount of fluoride supplements and the age of the child when brushing was initiated meaning that the
effects of fluoride supplements together with brushing with fluoridated toothpaste before age 2 places
the children atrisk of fluorosis. However, Pendrys, Katz and Morse found a strong association between
mild-moderate fluorosis and the use of fluoridated infant formula and frequent brushing with

fluoridated toothpaste for children lived in optimal fluoridated water (Pendrys et al., 1994).

The optimal level of fluoride has been reported to be between 0.05-0.07 mg/kg (Levy 1994), whereas
the Public Health Commission, 1995 suggested an optimal level between 0.7 and 1.0ppmF in drinking
waterand so whenthe level of fluorideis above 1.5ppm, dental fluorosis can occur. However, the level
of fluoride in daily life is difficult to calculate because of variations in different beverages and foods a
person consumes that may contain fluoride together with the use of other dental products. Therefore
multiple sources of fluoride a person consumes daily are reported to be related to the increased

incidence of dental fluorosis
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The high fluoride intake has been suggested to affect the enamel organ during the transition stage from
the presecretory to the secretory stage. Kierdorf reported that fluoride prevents ameloblasts from
completing Tomes Processes formation leading to the cessation of enamel matrix formation and
formation of aprismatic enamel resulting in reduced enamel thickness as seen in severe forms of

fluorosis (Kierdorf et al., 1997).

Some otherstudies found that fluoride when ingested is associated with incomplete crystal growth at
prism peripheries where degradation products of ameloblastin build up during development. Since it has
been demonstrated that removal of these matrix proteinsis crucial prior to crystal growth (Robinson et

al., 1989), impaired removal due to fluorideresultsin incomplete growth of apatite crystals in this area

(Robinson et al., 1998)
2.3.2 Dental Fluorosis Presentation

The degree of fluorosis may range from mild as white spot lesions (Fejerskov et al., 1988) to severe
forms characterized by brown discolouration and discrete or confluent pitting depending on the timing,
duration, and dose of fluoride exposure (Denbesten and Thariani, 1992). Fluorosis can present as white
opacities when fluoridein the wateris 1ppm. Thisindicates some porositiesin the tissue and as levels of
fluoride increase the porosities increase and enamel tissue is compromised as a result of a significant
reduction of serum calcium which in turn leads to hypomineralization (Fejerskov, O., Thylstrup, A. and
Larsen, M.J., 1977) (Thylstrup, A. and Fejerskov, 0., 1978). Yaeger 1966 reported that hypoplastic
defectsinrats started developing earlier with higher amounts of fluoridein the diet, and the severity of
hypoplasiawas proportional to the amount of fluoride in the diet as well as the exposure time (Yaeger,

1966)

2.4 Molar Incisor Hypomineralization (MIH)

Molar incisor hypomineralization is a type of enamel defect that affects the first molars and incisors in
the permanent dentition. One tofour first molars can be affected and more frequently central incisors
are involved (Garg, N., Jain, A.K., Saha, S. and Singh, J., 2012). The condition has been given different
namesincluding hypomineralized first permanent molars (Beentjes, V.E, Weerheijm, K.L. and Groen,
H.J., 2000), Idiopathicenamel hypomineralization in First Permanent Molars (Jalevik, B., Klingberg, G.,
Noren, J. and Barregard, L., 2000), (Koch et al., 1987), non-fluoride hypomineralization in first
permanent molars (Leppaniemi etal., 2001) and cheese molars (Weerheijm, K.L., 2003) (Weerheijm, K.

L., et al., 2000.) and (Van Amerongen, W.E. and Kreulen, C.M., 1995) However to avoid confusion,
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Weerheijm suggested that it would be best to use one name that has no reference to any possible
aetiology and so molar Incisor hypomineralization (MIH) was proposed (Weerheijm, K.L., Jalevik, B. and

Alaluusua, S., 2001).

The prevalence of MIH has beenreported by several epidemiological studies worldwide to range from
2.4% to 40.2% worldwide (Almuallem and Busuttil-Naudi, 2018). MIH prevalence in Northern Europe
ranged from 3.6% to 25% (Weerheijm, 2003), 9.7% in Chennai (Yannam SD, Amarlal D and Rekha CV,
2016), 0.48% inIndia (Subramaniam P, Gupta T and Sharma A,2016), 19.8% in Japan(Saitoh et al., 2018).
However, Jalevik argued that these figures could be an underestimate due to the lack of standardization
inthe diagnosis of these lesions (Jalevik, B, 2010). A meta-analysis conducted recently showed an overall
MIH prevalence worldwideto be 14.2%(Zhao et al., 2018). Anotherrecent systematicreview highlighted
a global MIH prevalence of 12.9% (11.7%-14.3%) with significant differences between regions and

countries (Schwendicke et al. 2018).
2.4.1 Aetiology of MIH

Although the aetiology is still not clear, several studies have reported that MIH is not caused by one
specificfactor butrather by different factors acting together (Alaluusua, 2010). Possible causes reported
were the association of MIH with urinary tract infection in mothers in the last trimester of pregnancy
(Freden and Gronvik, 1980), perinatal conditions associated with urgent Caesarean section, prolonged
delivery, premature birth and twinning (Lygidakis et al., 2008) Similarly, hypoxia due to prolonged labour
and prematurity (Seow, 1996); hypocalcaemia (Jalevik etal., 2001) and childhood illness during the first

four years of life(Beentjes et al., 2002) have all been linked with development of MIH lesions.

The condition ranges from mild to severe forms, presenting as white, yellow or brown well-demarcated
opacitieson FPM andincisorsindicating mild formto severe forms with post-eruptive breakdown. The
severity can be asymmetrical, however when the FPM is severely affected the chance that the
contralateral molaris also affectedis high, whenincisors are affected the conditionis usually less severe
compared to when molars are affected (Garg N, Jain A.K, Saha S. and Singh, J, 2012). In a review that
evaluated the structure, mechanical and chemical composition of MIH teeth reported that MIH teeth
were foundto have a reduction in mineral quantity and quality (calcium and phosphate were reduced),
reduction of hardness and modulus of elasticity, increase in porosity, carbon/carbonate and protein

content (Elhennawy et al., 2017).
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Similarly, Elfrink found a significantly lower reduction of mineral density (measured as hydroxyapatite) in
yellow and brown lesions of hypomineralised second primary molar and the greatest reduction was
foundinyellow lesions whereas the white opacities did not show mineral density reduction (Elfrink et
al., 2013).In anotherstudy involving permanent molars, MIH higher protein content of around 821-fold
compared to sound enamel and the brown lesion showed the highest protein content of about 15-21-
fold (Farah et al., 2010b). The colour of the lesion was found to be associated with the mineral density of
the enamel meaning that the darker the colour the less the mineral content and in particular brown
lesions had a marked reduction of mineral density (Farah R, Drummond B, Swain M. and Williams S,

2010).

2.5 Impact of developmental defects on enamel

Developmental defects of enamel (DDE) can cause several oral problems like aesthetics, occlusion, tooth
wear, erosion and sensitivity leading to an increased risk of dental caries which can affect the physical,
social and psychological well-being of the children (Salanitri and Seow, 2013). A recent article published
in Brazil on the impact of these defects found that these defects have a negative impact on the oral
health-related quality of life of children. Children with DDE had a 7% reduced positive impact in oral
health-related quality of life; this was furtherreduced to 13% and 29% on their physical impact of social
life and overall score on general health-related quality of life respectively. Boys were 1.15to 1.13 times
more likely to report on positive impact on physical and emotional aspects compared to girls (Andrade
et al., 2019).This has been observed to be more associated with hypoplastic lesions as these ty pe of
defectsare more severe (Ferreira VF and Ardenghi TM, 2011) and results in tooth sensitivity and more
susceptibleto dental caries (Schluter PJ., Kanagaratnam S, Durward, CS. and Mahood, R., 2008). Enamel
hypoplasia has been reported to be associated with a compromise in the physical function of these
teeth and a compromise of oral health while diffuse opacity affected the social life of the children
(Andrade et al., 2019). Furthermore, enamel hypoplasia with caries had a more negative impact on
childrenthanthose with enamel hypoplasiabut notdecayed (Folayan etal., 2018). Similarly, it has been
reported that discoloured MIH teeth can suffersevere enamel breakdown after eruption which can lead
to food impaction and eventually the development of caries. Enamel loss is also associated with dentine
hypersensitivitydue to exposure of dentinal tubules and the presence of bacteriainthe dentinal tubules
indicating that bacteria can penetrate through the hypomineralized enamel into the dentine thus
contributing to hypersensitivity (Fagrell et al., 2008). Marks caused by these defects appeared to have a

negative impact, especially on young people who desire a good appearance and this can compromise a
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sense of selfinthese young groups of people as they believe that these defects act as a threat to their
sense of self resultinginlow self-esteem and low self-confidence. Furthermore, social interactions with
peers which are essential to young people and are part of their development are affe cted by these
defects especially when they first meet. Teasing by being called or given strange names due to the
appearance of theirteeth was reported more inyoung people with enamel defects which led to conflict

between young people (Marshman Z, Gibson B. and Robinson PG, 2009).

2.6 Oral Health-Related Quality of Life (OHRQoL) and MIH

MIH has beenreportedto have a negative impact on the quality of life of children. In a study conducted
in Mexico for children aged 8-10 years to evaluate the OHRQoL, they used the Spanish version of the
child’s perceptions Questionnaire (CPQ) which comprises of 25 questions. They found that 78.9% of
children with MIH experienced more oral health problems which in turn affected the general well -being
of these children. They also found that school children with MIH experienced a higher rate of negative
impact compared to those without MIH, and this was more significantin children with moderate/severe
forms of MIH compared to those with mild forms meaning that MIH in these forms was associated with
oral symptoms, functional limitations, emotionaland social wellbeing (Glingor, D. etal., 2019). Similarly,
this was found in another study conducted in Brazil, where severe MIH had a negative impact on the
quality of life of children and this was associated more with oral symptoms and functional limitations
(Dalledone M, 2018). However, the Influence of family on children's oral health conditions, family
monthly income and mother's education were among the factors reported to contribute to the
improvement of OHRQoL. These resulted in increased children's perception of their oral health, easy
access to health care and preventive interventions (Paula et al., 2012). Another study found that
children who received minimally invasive treatmentforthese lesions to reduce the visibility of enamel

opacities resulted in a positive impact on children's well-being.

2.7 Treatment of Aesthetic Defects

Management of enamel defects is affected by several factors such as the type of the affected teeth,
extent of defects, tooth surface loss, prognosis and associated symptoms. Different management
options have been proposed toimprove the aestheticappearance of these defects from non-invasive to
invasive approaches depending on the severity. Non-invasive approachesinclude bleaching (Gugnani et
al., 2017), bleaching with fluoridation (Choi etal., 2018), bleaching with ICON resin infiltration (Gugnani
et al., 2017, Schoppmeier et al., 2018, Pan et al., 2019), bleaching, micro abrasion and ICON resin
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infiltration (Oliveiraetal., 2020) and ICON resin infiltration alone (Kimetal., 2011, Giannetti et al., 2018,
Auschill et al., 2015) whereas invasive methods such as veneers (Zorba et al., 2010), indirect resin

crowns (Quinonez et al., 2000), have been used to manage these defects.

Mild to moderate cases of fluorosis have been effectively managed by bleaching with 25% hydrogen
peroxide(H,0,) prior to the application of ICON resin infiltration (Schoppmeier, CM., et al., 2018).H,0,
was used to stabilize colour as well as remove the oxygen ions to enhance adhesion of ICON resin
infiltration. Onthe otherhand, Gugnani reported significant results when treated non pitted fluorosed
teeth with double application of ICON resin infiltration compared to those treated with a combination
technique of bleaching and ICON resin infiltration (Gugnani et al., 2017). Another study used mega-
abrasioninsevere cases of dental fluorosis to remove the most unaestheic superficial layer of enamel
and deeper stains (200-400um) using a high-speed hand-piece with a 105-pum fine diamond bur. This
was followed by micro-abrasion and bleaching and lastly, ICON resin infiltration was applied to improve
the aestheticappearance of the teeth which produced great results (Wang, Say, Liang S. and Jiang T,
2013). The effect of bleaching prior to ICON resin infiltration was further explained in a case report
which used differentapproachesinthree cases of stained enamel opacities (a case of traumatic dental
injury and two cases of MIH). No bleaching was performed prior to ICON resin infiltration in one case
while the other two cases underwent bleaching sessions prior to ICON resin infiltration. The study
reported thatfailure to perform bleachingin the first case produced unsatisfactory results as bleaching
helpedinthe removal of stains and ignoring this step when managing stained enamel will resultin an
anaesthetic outcome arguing that the colour masking of resin infiltration is related to the refractive
index of the low viscosity of the material and this will not cover the brownish staining (Marouane O,
Douki, N. and Chtioui, F, 2018). In another recent case of MIH, a 16 years old female patient presented
with diffuse white-yellowish chalky, opaque over the maxillary and mandibular teeth were managed
invasively by lithium di-silicate (E-max) crowns and veneers which produced optimal results (Alkaabi AM,
Alhumaidan AA, Algarawi FK. and Alshahrani FA, 2019). This treatment not only improved the aesthetic
condition of the teeth but also their function and strengthened the structural weakness. Although
ceramicmaterials are known to be amongthe excellent materials in cosmetic dentistry, the procedure
requiresthe removal of a certain amount of tooth structure and can cause dentine sensitivity. Another
drawback is the difficulty in repairing in case of failure which is also contraindicated to patients with
para-functional habits such as bruxism. Since the passive eruption of maxillary central, lateral incisors,
canines and mandibular canines continues until at least age 18-19 years, performing these restorations

to patients below this age can compromise aesthetics in the maxillary teeth (Morrow et al., 2000).
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Another case study of a 9-year-old patient with hypoplasticwhite spotsin the anterior teeth which were
a consequence of the trauma to the primary teeth and in turn affected these permanent teeth during
their development was treated with a combination technique. As the patient's teeth were naturally
yellow and the opacities involved both enamel and dentine, bleaching with 10% carbamide peroxide
was first done toremove the yellowness and then the hypoplasticdefects were removed using diamond
bur underwatercooling followed by restoration with composite resins (Carvalho LD. et al., 2013). This

technique produced significant aesthetic results and restored both appearance and function.

Giovanni compared different treatment modalities for the management of dental fluorosis and reported
resin infiltration to be more effective for the treatment of mild to moderate fluorosis followed by
bleaching and micro-abrasion (Di Giovanni et al., 2018). In fact when non-pitted fluorosis was treated
with ICON resin infiltration with additional application of the infiltrant, significant aesthetic results were
achieved compared to normal infiltration, bleaching and a combination of bleaching and resin
infiltration (Gugnani etal., 2017). However when post orthodonticwhite spot lesions were treated with
ICON resin infiltration compared with those treated with Clinpro™ XT varnish, both ICON resin
infiltration and Clinpro™ XT varnish showed significantly better improvement in mild lesions
immediately afterthe intervention while at 6 months Clinpro™ XT varnish treated teeth showed clear
improvementclinicallycompared to ICON resininfiltration suggesting that this furtherimprovement was
due to continued release of fluoride from the fluoroaluminosilicate glass particles (Kannan, A. and

Padmanabhan, S., 2019).

ICON Resininfiltration has been reported to offeradvantages over othertreatment options. It masks the
defectandreinforces the enamelsurface hardness of the porous enamel lesion thereby improving the
mechanical strength of enamel. However significant colour change was observed when bleaching was
