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Abstract

Objectives: The aim of this systematic review and meta-analysis is to assess the association be-
tween the MIH presence as well as the severity and OHRQoL in children. Material and methods: Rel-
evant studies were identified in PubMed, Embase, Cochrane and Google Scholar. Studies involving
MIH and OHRQoL in children were included. A methodological quality assessment of included stud-
ies was performed using the Newcastle-Ottawa Scale (NOS) and its adapted version for cross-sec-
tional studies. Random effects models were used to estimate summary effect measures for the asso-
ciation between MIH presence (presence vs. absence) as well as severity (moderate/severe MIH vs.
no MIH) and OHRQoL using generic inverse variance meta-analyses. Tests for heterogeneity, publi-
cation bias and sensitivity of results were also performed. Results: Out of 1696 identified publica-
tions 11 studies reporting on 5,017 children were included in the meta-analysis assessing the impact
of MIH presence. There was no statistically significant association between the presence of MIH and
lower OHRQolL in affected children (OR = 1.72, 95% Cl = 0.99-2.98). Concerning MIH severity and its
impact on OHRQoL, a sum of 6 studies were included in the meta-analysis involving a total of 2,595
children. There was a significant association between moderate/severe MIH and lower OHRQoL in
affected children (OR = 3.43, 95% Cl = 1.69—6.98). Conclusion: Moderate/Severe MIH has a signifi-
cant and clinically relevant negative impact on OHRQoL, and it should therefore be addressed ade-
quately. Future research should also consider the impact of a uniform MIH diagnosis and precise se-
verity criteria.
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Introduction

The term molar-incisor hypomineralization (MIH),
coined in 2001, characterized an enamel defect type. MIH
was defined as ‘hypomineralization of systemic origin, pre-
senting as demarcated, qualitative defects of enamel of one
to four first permanent molars (FPMs) frequently associat-
ed with affected incisors (1). A diagnosis predominantly em-
ploys the European Academy of Paediatric Dentistry (EAPD)
criteria (2), with a 2018 systematic review of 74 studies uti-
lizing these criteria revealing an MIH prevalence of 14.5%
(3). Despite the recent significant increase in research relat-

Uvod

Pojam  hipomineralizacija kutnjaka (MIH) uveden je
2001., a opisuje vrstu defekta cakline. MIH je definiran kao
hipomineralizacija sistemskog podrijetla koja se manifestira
kao ograniceni, kvalitativni defekti cakline jednoga do ceti-
riju prvih trajnih kutnjaka, a Cesto su zahvadeni i sjekuti¢i
(1). Dijagnoza se uglavnom temelji na kriterijima Europske
akademije dje¢je stomatologije (EAPD) (2), a sistematizira-
ni pregled 74 istrazivanja iz 2018. koji primjenjuje te krite-
rije otkriva prevalenciju MIH-a od 14,5 % (3). Unato¢ zna-
¢ajnom porastu istrazivanja u vezi s MIH-om posljednjih
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ing to MIH (4,5), its exact etiology remains unclear. MIH
has been documented in both permanent and primary teeth
(6). In this review, MIH refers to enamel defects diagnosed
under the EAPD criteria, encompassing primary and per-
manent dentition. Clinically, MIH manifests as well-demar-
cated defects with distinct boundaries from adjacent normal
enamel. Variations exist in terms of affected teeth, defect col-
or, size, location, hypersensitivity, and post-eruptive break-
down (PEB) (2,7). This clinical presentation can impact the
oral health-related quality of life (OHRQoL) of affected indi-
viduals, through functionality and esthetics (8,9).

OHRQoL, is defined as the impact of oral diseases and
disorders on aspects of everyday life that a patient or person
values, that are of sufficient magnitude, in terms of frequen-
cy, severity or duration to affect their experience and percep-
tion of their life overall (10). Presently, the evidence concern-
ing the link between MIH and OHRQoL is constrained and
at times contradictory, thus necessitating further investiga-
tion to elucidate this relationship.

Aim of the study

The review aims to evaluate the association between MIH
regarding its presence as well as its severity and OHRQoL.
According to the PECO approach to conduct a systemat-
ic review (11), these keywords are concerned: (P)opulation:
Children; adolescents; (E)xposure: MIH; (C)ontrol: MIH
free; (O)utcome: OHRQoL as measured by validated instru-

ments.

Material and methods

The review was performed according to the guidelines of
the PRISMA statement (12). The review protocol can be ac-
cessed via the webpage: http://www.crd.york.ac.uk/PROS-
PERO/ (Registration number: CRD42022317411).

Literature search

Electronic searches were carried out on 6.4.2022 in the
following databases PubMed, EMBASE, Cochrane Central
and Google Scholar with no date restrictions. The search
strategies were two-pronged, combining the condition
(MIH) with the outcome (OHRQoL). Exact search strate-
gies are available in the supplemental file (S1). The search was
complemented by reviewing the reference list of all included
articles and other reviews on the topic. Experts in the field of
MIH were contacted to identify further studies.

Eligibility criteria

Only studies, regardless of the study type (observation-
al: cross-sectional, cohort, case-control or interventional),
fulfilling the following criteria were included in the system-
atic review: Studies with a child or adolescent population;
Samples involving exclusively participants with a predefined
condition were excluded; MIH diagnosis made according
to: (EAPD) criteria or its modifications, or as a component
of other indices (e.g. DDE index) when the MIH compo-
nent was extractable independently from other components;
OHRQoL estimated using validated questionnaires specific
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godina (4, 5), njegova to¢na etiologija ostaje nejasna. MIH
je dokumentiran i na trajnim i na mlije¢nim zubima (6). U
ovom pregledu MIH se odnosi na defekte cakline dijagnosti-
cirane prema kriterijima EAPD-a koji obuhvacaju mlije¢nu i
trajnu denticiju. Klini¢ki se MIH oc¢ituje kao ograniceni de-
fekt s jasnim granicama odijeljenim od susjedne normalne ca-
kline. Postoje varijacije kad je rije¢ o zahva¢enim zubima, bo-
ji defekta, veli¢ini, polozaju, preosjetljivosti i posteruptivnom
urusavanju (2, 7). Ova klini¢ka manifestacija moze utjecati
na kvalitetu Zivota povezanu s oralnim zdravljem (OHRQoL)
zbog narusene funkcije i estetike (8, 9).

OHRQoL se definira kao utjecaj oralnih bolesti i pore-
mecaja na aspekte svakodnevnog Zivota koje pacijent ili osoba
cijeni, koji su dovoljne veli¢ine u smislu uéestalosti, ozbiljno-
sti ili trajanja da utjecu na njihovo iskustvo i percepciju vlasti-
ta zivota u cjelini (10 ). Trenuta¢no su dokazi koji se odnose
na veze izmedu MIH-a i OHRQoL-a ograniceni i povreme-
no kontradiktorni i zato su potrebna dodatna istrazivanja ka-
ko bi se razjasnio taj odnos.

Svrha istrazivanja

Cilj pregleda bio je procijeniti povezanost MIH-a s ob-
zirom na njegovu prisutnost i tezinu i OHRQoL-a. Prema
PECO pristupu provodenja sistematiziranog pregleda (11),
relevantne su sljedece klju¢ne rijeci: populacija, djeca, adoles-
centi, ekspozicija, MIH, kontrola, odsutnost MIH-a, ishod,
OHRQoL mjeren validiranim instrumentima.

Materijali i metode

Pregled je proveden prema smjernicama PRISMA-e (12).
Njegovu protokolu moze se pristupiti na mreznoj stranici:
http://www.crd.york.ac.uk/PROSPERO/ (registracijski broj:
CRD42022317411).

Pretrazivanje literature

Elektronicka pretrazivanja provedena su 6. travnja 2022.
u sljede¢im bazama podataka: PubMed, EMBASE, Cochrane
Central i Google Scholar, bez datumskih ogranicenja. Stra-
tegije pretrazivanja bile su dvosmjerne, kombiniralo se sta-
nje (MIH) s ishodom (OHRQoL). To¢ne strategije pretrazi-
vanja dostupne su u dodatnoj datoteci (S1). Pretrazivanje je
dopunjeno pregledom popisa referencija svih uklju¢enih ra-
dova i drugih prikaza o toj temi. Kontaktirani su strucnjaci
u podru¢ju MIH-a da bi se identificirala daljnja istrazivanja.

Kriterij prihvatljivosti

U sistematizirani pregled uklju¢ena su samo istraziva-
nja, bez obzira na vrstu (opservacijsko: presje¢no, kohortno,
slucaj-kontrola ili intervencijsko), koja ispunjavaju sljede-
¢e kriterije: istrazivanja s populacijom djece ili adolescena-
ta; iskljuceni su uzorci koji ukljucuju iskljudivo sudionike s
unaprijed definiranim stanjem; dijagnoza MIH-a postavlje-
na je prema (EAPD) kriterijima ili njegovim modifikacijama,
ili kao komponenta drugih indeksa (npr., DDE indeks) ka-
da se komponenta MIH-a mogla izdvojiti neovisno o drugim
komponentama; OHRQoL je procijenjen koristenjem validi-
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for children; Only studies with a control group free of MIH
were included; Only studies with a sample size > 20 were in-
cluded; Letters to the editor or conference abstracts were ex-

cluded; Language restrictions were set to English, German
and French.

Study selection

After duplicates removal, two reviewers (AA and RH) in-
dependently screened the titles and abstracts of studies to
examine the eligibility of retrieved references in accordance
with above-mentioned inclusion criteria. Full-text copies of
relevant references were then obtained. Both reviewers then
independently assessed the full texts of potential studies for
eligibility, and reasons for exclusion were recorded. In both
stages, disagreements were also resolved by the decision of a
third independent reviewer (JS). For multiple studies report-
ing on the same population, only the latest studies were in-

cluded.

Data extraction

Data extraction was performed by two reviewers indepen-
dently and in duplicate (AA, RH). A spreadsheet was used for
data entry. Due to various MIH severity classifications avail-
able (13,14) and the different classifications used in the un-
derlying literature (table 1), mild MIH was defined as MIH
TNI 1 or demarcated opacities, while moderate/severe MTH
was defined as the other forms of MIH including post-erup-
tive breakdown (PEB) and/or hypersensitivity._

Data synthesis

Outcomes of different OHRQoL instruments were com-
bined for this systematic review in line with previous studies
(15,16). One study (17) presented the results in more than
two defined subgroups (mild MIH, severe MIH, no MIH).
The mild and severe subgroups were combined in meta-anal-
yses involving the MIH presence. In the following study (18)
CPQ 8-10 and CPQ 11-14 were used, however the latter was
only undertaken by 6 participants. Their results were exclud-
ed. Another study did not present the results on the overall
OHRQoL but presented the results per domain (19). In this
case, the OR (95% CI) was calculated per domain. After-
wards, all OR (95% CI) were pooled with a fixed-effects me-
ta-analysis, and the number of events per subgroup was re-
calculated proportional to the sample size of the study. One
study (20) reported the perception of MIH impact on the
OHRQoL, using the Parental-Caregivers Perception Ques-
tionnaire (P-CPQ) and the child perception questionnaire
(CPQ). Only the CPQ scores were extracted to prevent dou-
ble reporting. In one study (21) mean and SD were not avail-
able per subgroup; subsequently the authors were contacted
and missing data were obtained.

All included studies used instruments indicating better
OHRQoL with a lower score, except for one study (22) us-
ing Child Oral Health Impact Profile (COHIP). The abso-
lute mean differences were used for comparability purposes
during estimation of respective standardized mean difference
(SMD. In the study (23) standard deviations (SD) were not
provided and were estimated using the methods described

in the Cochrane Handbook (24). One study (25) did not
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ranih upitnika specificnih za djecu; ukljucena su samo istra-
v . oy

zivanja s kontrolnom skupinom bez MIH-a; uklju¢ena su sa-
mo istrazivanja s veli¢cinom uzorka > 20; pisma uredniku ili
sazetci konferencija bili su isklju¢eni; jezi¢na ogranicenja po-
stavljena su na engleski, njemacki i francuski.

Odabir istrazivanja

Nakon uklanjanja duplikata dvaju recenzenata (A. A. i R.
H.) neovisno su pregledali naslove i sazetke istrazivanja kako
bi ispitali prihvatljivost dohvacenih referencija u skladu s go-
re navedenim kriterijima uklju¢ivanja. Zatim su prikupljeni
cjeloviti tekstovi relevantnih referencija. Nakon toga su oba
recenzenta odvojeno ocjenjivala prihvatljivost cjelovitih tek-
stova potencijalnih istrazivanja, a razlozi za isklju¢enje su za-
biljezeni. U obje faze nesuglasice su rijesene odlukom trece-
ga neovisnog recenzenta (J. S.). Izmedu vie istrazivanja koja
su izvjestavala o istoj populaciji, uklju¢ena su samo najnovija.

Vadenje podataka

Vadenje podataka obavila su neovisno dva recenzenta (A.
A, R.H.). Za unos podataka koristena je proratunska tablica.
Zbog razlicitih dostupnih klasifikacija tezine MIH-a (13, 14)
i razli¢itih klasifikacija koristenih u osnovnoj literaturi (tabli-
ca 1.), blagi MIH definiran je kao MIH TNI 1 ili ogranice-
na zamucenja, a umjereni/teski MIH definiran je kao drugi
oblici MIH-a, ukljucujuéi posteruptivno urusavanje(PEB) i/
ili preosjetljivost.

Sinteza podataka

Ishodi razli¢itih OHRQoL instrumenata kombinirani su
za ovaj sistematizirani pregled u skladu s dosadasnjim istra-
zivanjima (15, 16). U jednom istrazivanju (17) predstavlje-
ni su rezultati u viSe od dviju definiranih podskupina (blagi
MIH, teski MIH, odsutnost MIH-a). Blage i teske podsku-
pine kombinirane su u metaanalizama koje ukljucuju pri-
sutnost MIH-a. U sljede¢em istrazivanju (18) koristeni su
CPQ 8-10 i CPQ 11-14, ali ovo drugo obuhvatilo je samo
6 sudionika. Njihovi rezultati su izuzeti. U drugom istrazi-
vanju nema rezultata o ukupnom OHRQoL-u, ali su zabi-
ljezeni rezultati po domeni (19). U ovom slucaju OR (95 %
IP) je izra¢unat po domeni. Nakon toga svi su OR-i (95 %
IP) zdruzeni s metaanalizom fiksnih u¢inaka, a broj dogadaja
po podskupini ponovno je izratunat proporcionalno velic¢ini
uzorka. U jednom istrazivanju (20) autori su izvijestili o per-
cepciji utjecaja MIH-a na OHRQoL koristeéi se upitnikom
percepcije roditelja i skrbnika (P-CPQ) i upitnikom percep-
cije djeteta (CPQ). Izdvojeni su samo rezultati CPQ-a kako
bi se sprijecilo dvostruko izvjestavanje. U jednom istrazivanju
(21) srednja vrijednost i SD nisu bili dostupni po podskupini
te se naknadno kontaktiralo s autorima i dobiveni su podat-
ci koji su nedostajali.

U svim ukljucenim istrazivanjima koristeni su instrumen-
ti koji pokazuju bolji OHRQoL s nizim rezultatom, osim jed-
noga (22) koje se koristilo Profilom utjecaja na oralno zdravlje
djeteta (COHIP). Apsolutne srednje razlike koristene su u svr-
hu usporedivosti tijekom procjene odgovarajuée standardizira-
ne srednje razlike (SMD). U istrazivanju (23) nisu navedene
standardne devijacije (SD) pa su procijenjene s pomo¢u meto-
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allow for the MIH severity classification and was excluded
from the respective analysis. Another study (26) presented
the OHRQoL results according to the MIH treatment need
index (MIH-TNI). Therefore, for the purpose of inclusion
in meta-analyses involving MIH severity, the (MIH-TNI 2,
MIH-TNI 3 and MIH-TNI 4) subgroups were combined.
Likewise, in another study (23) MIH patients in the moder-
ate severity and high severity categories were also combined
for inclusion in the same analysis.

Quality assessment

Two reviewers (AA, RH) independently assessed the
methodological quality assessment of the included studies
The Newcastle-Ottawa Scale (NOS) for case-control, cohort
studies (27) as well as the adapted version for cross-section-
al studies (28) were used for the purpose of methodologi-
cal quality. Disagreements were resolved by the decision of a
third independent reviewer (JS).

Statistical analysis

Statistical analyses were performed in Review Manager
5.4.1 (29). All analyses were performed with a dichotomous
independent variable, either the MIH presence (MIH vs. no
MIH) or MIH severity (moderate/severe MIH vs. No MIH).

Both meta-analyses were performed using random effect
models. In order to achieve the consistency of results, con-
tinuous outcomes with their respective confidence intervals
were transformed using the methods described in (24,30).

Statistical heterogeneity was assessed by using Chi? and
I tests and sensitivity analyses were performed to test the ro-
bustness of the summary estimates.

Publication bias

To investigate possible non-reporting bias (e.g. publica-
tion bias) and small study effects, funnel plots were prepared
and visually examined for signs of asymmetry.

Results

Search results

A total of 1,696 references were identified in the initial
search. A flow-chart illustrating the review process and the
number of studies that were excluded at each review stage
is shown in Figure 1. The 19 excluded studies following
full-text assessment are listed with the respective exclusion
reason(s) in the supplementary file (S3).

Characteristics of included studies

12 articles remained after the review process. Of these 11
were included in the meta-analyses and 1 study (31) was nar-
ratively summarized (S2), as assessment of continuous data
indicated they were skewed. Details on the included studies
are summarized in table 1.

MIH and OHRQoL: A systematic review .

da opisanih u Cochraneovu priru¢niku (Cohrane Handbook)
(24). Jedno istrazivanje (25) nije omogucilo klasifikaciju tezine
MIH-a i bilo je iskljuceno iz odgovarajuée analize. U drugom
istrazivanju (26) rezultati OHRQoL-a bili su prema indek-
su potrebe za lije¢enjem MIH-a (MIH — TNI). Stoga, u svr-
hu uklju¢ivanja u metaanalize koje ukljucuju ozbiljnost MIH-
a, podskupine (MIH-TNI 2, MIH-TNI 3 i MIH-TNI 4) su
kombinirane. Isto tako, u drugom istrazivanju (23) pacijenti
s MIH-om u kategorijama srednje i visoke tezine takoder su
kombinirani za ukljucivanje u istu analizu.

Procjena kvalitete

Dva recenzenta (A. A., R. H.) neovisno su procijeni-
la metodolosku kvalitetu ukljucenih istrazivanja. Ljestvica
Newcastle-Ottawa (NOS) za slu¢aj-kontrolu, kohortna istra-
zivanja (27) te prilagodena verzija za presjecna istrazivanja
(28) koristeni su u svrhu metodoloske kvalitete. Nesuglasi-
ce su rijeSene odlukom tre¢ega neovisnog recenzenta (J. S.).

Statisticka analiza

Statisticke analize provedene su u Review Manageru
5.4.1 (29). Sve analize provedene su s dihotomnom nezavi-
snom varijablom - i prisutnost MIH-a (MIH nasuprot odsut-
nosti MIH-a) i ozbiljnost MIH-a (umjereni/teski MIH nasu-
prot odsutnosti MIH-a).

Obje metaanalize provedene su koristenjem modela slu-
¢ajnih ucinaka. Kako bi se postigla dosljednost rezultata,
kontinuirani ishodi s odgovaraju¢im intervalima pouzdano-
sti transformirani su s pomocu metoda opisanih u literatu-
ri, (24, 30).

Statisticka heterogenost procijenjena je koristenjem testo-
va Chi* i I*, a analize osjetljivosti provedene su da bi se testi-
rala robusnost sazetih procjena.

Pristranost objave

Da bi se istrazila moguca pristranost neprijavljivanja
(npr., pristranost objave) i mali ucinci istrazivanja, pripre-
mljeni su dijagrami lijevka i vizualno ispitani na znakove asi-
metrije.

Rezultati

Rezultati pretraZivanja

U pocetnoj pretrazi identificirano je ukupno 1696 refe-
rencija. Dijagram koji ilustrira postupak pregleda i broj istra-
zivanja iskljucenih u svakoj fazi pregleda nalazi se na slici 1.
Ukupno 19 istrazivanja koja su iskljucena poslije procjene
cjelovitoga teksta navedeno je s odgovarajuéim razlozima is-
kljucenja u dodatnoj datoteci (S3).

Karakteristike ukljucenih istraZivanja

Nakon recenzije preostalo je 12 radova. Od njih je 11
uklju¢eno u metaanalizu, a jedno je (31) narativno sazeto
(S2) jer je procjena kontinuiranih podataka pokazala da su
bili iskrivljeni. Pojedinosti o uklju¢enim istrazivanjima saze-
te su u tablici 1.
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Freitas Fernandes 2021 022 042 28 413 142% 1.25[0.55, 2.84] T
Joshi 2022 308 018 75 94  16.9% 21.76([15.29, 30.96] ——
Michaelis 2021 102 01 176 264 17.4% 277228, 3.37) —
Total (95% CI) 529 2066 100.0% 3.43[1.69, 6.98] -‘*‘-
Heterogeneity, Taw?= 0.75; Chi*= 193.22, df= 5 (P < 0.00001); F= 97% u’us D=2 5 2=U

Tast for overall effect: Z= 3,41 (F = 0.0007)

Quality assessment

The methodological quality of the included studies was
rated by the NOS for case-control, cohort studies as well as
the adapted version for cross-sectional studies. Scores ranged
from 4 to 9 points. The scores of each individual study are
shown in supplementary file (S4).

Meta-analysis

MIH presence and OHRQol

When comparing children with (n=1174) and without
(n=3843) MIH, no statistically significant association was
observed between the presence of MIH and low OHRQoL
(OR=1.72, 95% CI=0.99-2.98) (Fig. 2). Statistical hetero-
geneity was present (y2 = 405.17, p < 0.00001). The I* = 98
% indicates considerable heterogeneity between the differ-
ent studies (24).

Favours [MIH] Favours [control]

Procjena kvalitete

Metodolosku kvalitetu ukljucenih istrazivanja ocijenio je
NOS za slucaj-kontrolu, kohortna istrazivanja i prilagodenu
verziju za presjecna istrazivanja. Rezultati su se kretali od 4
do 9 bodova. Bodovi svakoga istrazivanja nalaze se u dodat-

noj datoteci (§4).

Metaanaliza

Prisutnost MIH-a i OHRQoL

Usporedujudi djecu s MIH-om (n = 1174) i bez njega (n
= 3843), nije uocena statisticki znacajna povezanost izmedu
prisutnosti MIH-a i niskoga OHRQoL-a (OR = 1,72, 95 %
CI =0,99 - 2,98) (slika 2.). Zabiljezena je statisticka hetero-
genost (x2 = 405,17, p < 0,00001). I* = 98 % Sto upuluje
na znacajnu heterogenost izmedu razlicitih istrazivanja (24).
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MIH severity and OHRQol

Children with moderate/severe MIH (n=529) are 3.43
times more likely to have an impact on OHRQoL com-
pared to those without MIH (n=2066) (OR=3.43, 95 % CI
= 1.69-6.98) (Fig. 3). Statistical heterogeneity was present
(X?=193.22, P = 0.0008) and was interpreted as consider-
able (I* = 97 %)

Publication bias

Visual examination of funnel plots for both meta-analy-
ses provided no indication for bias. The funnel plots for both
meta-analyses are presented in the supplemental file (S5).

Sensitivity analysis

In the first meta-analysis concerned with MIH presence,
differences in significance appeared for summary estimates
when each of the following studies (18,20,32,33) were omit-
ted. On the other hand, for the MIH severity meta-analysis,
none of them led to significant changes in the summary when
omitted. Summary estimates, following the omission of one
study results consecutively from both meta-analyses, are pre-

sented in the supplemental file (S6).

Discussion

This review identified a total of 11 studies reporting on
5,017 children, of which (n=1,174) presented with MIH,
which were included in the meta-analysis assessing the im-
pact of MIH presence. Concerning MIH severity and its im-
pact on OHRQoL, a total 6 studies were included in the
meta-analysis involving a total of 2,595 children, of whom
(n=529) presented with moderate/severe MIH.

In the first meta-analysis, the association between MIH
presence and low OHRQoL was examined. The results indi-
cated a lack of statistically significant association (OR=1.72,
95% CI=0.99-2.98), though a noticeable trend was ob-
served. Conversely, the second meta-analysis explored the
relationship between moderate/severe MIH presence and
OHRQoL, revealing a statistically significant association
(OR=3.43, 95% CI=1.69-6.98).

A separate systematic review (34) also explored the im-
pact of MIH on children's OHRQoL, though without quan-
titative analysis. It suggested that irrespective of MIH sever-
ity, there was a connection with impaired OHRQoL. This
contrasts with the findings of the current review, where a sig-
nificant association was only established with moderate/se-
vere MIH cases.

The results of the present review should be interpreted
under consideration of multiple factors, especially the cri-
teria used for MIH diagnosis as well as severity determina-
tion throughout the included studies. Owing to the inherent
items of the EAPD criteria for MIH diagnosis coupled with
the predominant cross-sectional study design of included
studies (n = 9), a positive MIH diagnosis does not necessar-
ily differentiate between treated and untreated MIH affect-
ed children, a result of atypical restorations being a diagnos-
tic criterion for MIH. Only one included study (22) using
EAPD criteria explicitly excluded treated MIH patients. This
inability to differentiate might underestimate the impact of

MIH i OHRQoL: sistematizirani pregled

Tezina MIH-a i OHRQoL

Djeca s umjerenim/teskim MIH-om (n = 529) imaju
3,43 puta vecu vjerojatnost utjecaja na OHRQoL u uspo-
redbi s onom bez MIH-a (n = 2066) (OR = 3,43, 95 % IP
= 1,69 - 6,98) (slika 3.). Zabiljezena je statisticka heteroge-
nost (X*= 193,22, P = 0,0008) i protumacena je kao znacaj-
na (I* = 97 %).

Pristranost publikacije

Vizualna analiza dijagrama lijevka za obje metaanalize ni-
je dala naznake pristranosti. Dijagrami lijevka za obje metaa-
nalize nalaze se u dodatnoj datoteci (S5).

Analiza osjetljivosti

U prvoj metaanalizi koja se bavila prisutnoséu MIH-a,
pojavile su se razlike u znacajnosti za sazete procjene kada je
svako od sljedecih istrazivanja (18, 20, 32, 33) izostavljeno. S
druge strane, za metaanalizu tezine MIH-a, nijedno od njih
nije potaknulo znacajne promjene u sazetku kada je izostav-
lieno. Sazete procjene, poslije izostavljanja rezultata jednog
istrazivanja uzastopno iz obiju metaanaliza, nalaze se u do-

datnoj datoteci (S6).

Rasprava

U ovom pregledu identificirano je ukupno 11 istraziva-
nja koja su izvjestavala 0 5017 djece, od kojih (n =1 174) s
MIH-om, koja su bila uklju¢ena u metaanalizu koja procje-
njuje utjecaj prisutnosti MIH-a. Sto se tite tezine MIH-a i
njegova utjecaja na OHRQoL, u metaanalizu je ukljuceno
ukupno 6 istrazivanja s 2595 djece, od kojih (n = 529) ima
umjereni/teski MTH.

U prvoj metaanalizi ispitana je povezanost izmedu prisut-
nosti MIH-a i niskog OHRQoL-a. Rezultati su pokazali ne-
dostatak statisticki znacajne povezanosti (OR = 1,72, 95 %
IP = 0,99 - 2,98), iako je uocen zamjetni trend. Nasuprot to-
mu, druga metaanaliza istrazivala je odnos izmedu umjereno-
ga/teSkoga MIH-a i OHRQoL-a, otkrivajuéi statisticki zna-
¢ajnu povezanost (OR = 3,43, 95 % IP = 1,69 — 6,98).

Zasebni sistematizirani pregled (34) takoder je istrazi-
vao utjecaj MIH-a na OHRQoL djece, iako bez kvantitativ-
ne analize. Sugerirao je da, bez obzira na ozbiljnost MIH-a,
postoji povezanost s narusavanjem OHRQoL-a. To je u su-
protnosti s nalazima u ovom pregledu u kojemu je znacajna
povezanost utvrdena samo kod slucajeva s umjerenim/teskim
MIH-om.

Rezultate ovog pregleda treba tumaciti uzimajuéi u ob-
zir vise ¢imbenika, posebno kriterije koji se koriste za dija-
gnozu MIH-a te odredivanje tezine u ukljucenim istraziva-
njima. Zbog inherentnih stavki EAPD kriterija za dijagnozu
MIH-a zajedno s dominantnim dizajnom presje¢nih istrazi-
vanja (n = 9), pozitivna dijagnoza MIH-a ne pravi nuzno ra-
zliku izmedu lijecene i nelije¢ene djece s MIH-om. Samo je
jedno ukljuceno istrazivanje (22) koje se koristilo kriterijima
EAPD-a izri¢ito iskljucilo lije¢ene pacijente s MIH-om. Ta
nemoguc¢nost razlikovanja mogla bi podcijeniti utjecaj MIH-
a na OHRQoL pogodene djece jer bi djeca s kontroliranim
MIH-om mogla imati bolji OHRQoL u usporedbi s onima s
nelije¢enim MIH-om.
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MIH on affected children's OHRQoL, as children with man-
aged MIH might have better OHRQoL compared to coun-
terparts with untreated MIH.

The current review’s limitations include the predomi-
nance of cross-sectional studies, which hampers causal infer-
ence. However, two identified studies (35,36) addressed the
impact of MIH treatment on OHRQoL, using a prospective
clinical trial design evaluating the OHRQoL in children be-
fore and after treatment. An improvement in the OHRQoL
post-treatment is shown. The exact reasons for the exclusion
of both studies from this review can be found in the supple-
mentary material (S3).

Regarding MIH severity, among the 6 studies included
in the meta-analysis, only 2 (23,26) allowed classification of
patients as Moderate/Severe MIH patients in the presence
of hypersensitivity when MIH presented only as demarcated
opacities. This suggests possible underestimation of the asso-
ciation between severe MIH and impaired OHRQoL.

Furthermore, clinical heterogeneity was judged to be
considerable between the included studies (Table 1). In one
study (17) the impact of HSPM rather than MIH impact was
evaluated. However, HSPM diagnosis was made according
to the modified EAPD criteria (37) which were identical to
MIH diagnostic criteria in this index. Nonetheless, the per-
formed sensitivity analysis where the study results in question
were omitted from the summary odds ratios for both meta-
analyses resulted in no change in significance of the reported
outcomes (S6).

The strength of this review, however, lies in the compre-
hensive search strategy that included a search of 4 electron-
ic databases, and a review of reference lists of other reviews
in the field and reference lists of all included trials. Despite
such a comprehensive search, it is still possible that this re-
view missed some potentially eligible studies. Furthermore,
contacting authors concerning missing information led to
more complete and robust results. From a methodological
perspective, a significant strength of the present review lies
in the statistical analysis, which allowed the combination of
continuous and dichotomous results presented in the differ-
ent included studies, thus allowing for more robust results.

Conclusion

No general significant but at tendency to an association
between MIH presence and low OHRQoL in affected chil-
dren was found, as possible inclusion of previously dental-
ly managed MIH participants may have played a role in this
outcome. Still, a statistically significant association between
moderate/severe MIH and lower OHRQoL exists highlight-
ing that especially children with more severe forms of MIH
need clinical attention.
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Ogranicenja ovog pregleda jesu prevlast presjecnih istrazi-
vanja, $to otezava uzro¢no zakljuc¢ivanje. Medutim, dva iden-
tificirana istrazivanja (35, 36) bavila su se utjecajem lije¢enja
MIH-a na OHRQoL, koristeéi se prospektivnim dizajnom
klini¢kog istrazivanja koji je procjenjivao OHRQoL u djece
prije i poslije lijecenja. Istaknuto je poboljsanje OHRQoL-a
poslije lijecenja. Tocni razlozi za iskljucenje obaju istraziva-
nja iz ovog pregleda mogu se pronac¢i u dopunskom materi-
jalu (83).

Sto se tice ozbiljnosti MIH-a, medu 6 istrazivanja uklju-
¢enih u metaanalizu samo su 2 (23, 26) dopustala klasifika-
ciju pacijenata kao bolesnika s umjerenim/teskim MIH-om
u prisutnosti preosjetljivosti kada se MIH manifestirao sa-
mo kao ograni¢eno zamuéenje. To upucuje na moguée pod-
cjenjivanje povezanosti izmedu teskoga MIH-a i narusenoga
OHRQoL-a.

Nadalje, ocijenjeno je da je klinicka heterogenost zna-
¢ajna izmedu ukljucenih istraZivanja (tablica 1.). U jednom
istrazivanju (17) procijenjen je utjecaj HSPM-a, a ne MIH-
a. No dijagnoza HSPM-a postavljena je prema modificiranim
kriterijima EAPD-a (37) koji su u ovom indeksu bili identi¢-
ni dijagnostickim kriterijima MIH-a. Bez obzira na to, prove-
dena analiza osjetljivosti u kojoj su predmetni rezultati istra-
zivanja izostavljeni iz sazetih omjera za obje metaanalize, nije
rezultirala promjenom znacajnosti prijavljenih ishoda (S 6).

No snaga ovog pregleda je u sveobuhvatnoj strategiji pre-
trazivanja koja je uklju¢ivala 4 elektronicke baze podataka te
pregled popisa referencija drugih pregleda na terenu i popi-
sa referencija svih ukljucenih istrazivanja. Unato¢ tako op-
seznom pretrazivanju, moguce je da su u ovom pregledu izo-
stavljena neka potencijalno prihvatljiva istrazivanja. Nadalje,
kontaktiranje autora u vezi s informacijama koje su nedosta-
jale omogucilo je potpunije i robusnije rezultate. Iz metodo-
loske perspektive, velika snaga ovog pregleda je u statistickoj
analizi koja je omoguéila kombinaciju kontinuiranih i diho-
tomnih rezultata prikazanih u razli¢itim uklju¢enim istraziva-
njima, ¢ime su omoguceni robusniji rezultati.

Zakljuc¢ak

Nije pronadena opc¢a znacajna razlika, ali postojala je
tendencija povezanosti izmedu prisutnosti MIH-a i nisko-
ga OHRQoL-a kod pogodene djece, s obzirom na to da je
moguce uklju¢ivanje sudionika s MIH-om koji su prije to-
ga lijeceni mozda imalo ulogu u ovom ishodu. Ipak, posto-
ji statisticki znacajna povezanost izmedu umjerenoga/teskoga
MIH-a i nizeg OHRQoL-a, te se isti¢e da djeca s tezim obli-
cima MIH-a trebaju klinicku skrb.
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Sazetak
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medu MIH-a i OHRQoL-a u djece. Materijali i metode: Pronadena su relevantna istrazivanja u baza-

ma PubMed, Embase, Cochrane i Google Scholar. Uklju¢ena su istrazivanja koja su obradivala MIH
i OHRQoL u djece. Metodoloska procjena kvalitete tih istraZivanja obavljena je s pomocu ljestvice
Newcastle-Ottawa (NOS) i njezine prilagodene verzije za presjecne studije. Za procjenu sazetih mje-
ra ucinka za povezanost izmedu prisutnosti MIH-a (prisutnost prema odsutnosti) upotrijebljeni su
modeli slucajnih u¢inaka, a za tezinu (umjereni/teski MIH prema odsutnosti MIH-a) i OHRQoL upo-
trijebljena je genericka metaanaliza inverzne varijance. Obavljeni su i testovi heterogenosti, pristra-
nosti objave i osjetljivosti rezultata. Rezultati: Od 1696 identificiranih casopisa, u metaanalizu pro-
cjene utjecaja prisutnosti MIH-a uklju¢eno je 11 istrazivanja koja su izvjestavala o 5017 djece. Nije
bilo statisticki znacajne povezanosti izmedu prisutnosti MIH-a i nizega OHRQoL-a u pogodene djece
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(OR = 1,72, 95 % IP = 0,99-2,98). Kad je rijec o teZini MIH-a i njegova utjecaja na OHRQoL, zbroj od

6 istrazivanja ukljucen je u metaanalizu koja obuhvaca ukupno 2595 djece. Postojala je znacajna po-
vezanost izmedu umjerenoga/teskoga MIH-a i nizega OHRQol-a u pogodene djece (OR = 3,43, 95 %

IP=1,69-6,98).
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Supplement S1
Search strategies

PubMed:
“Dental Enamel Hypoplasia’[Mesh] OR MIH[tiab] OR “molar incisor hypomineralization”[tiab] OR “molar incisor
hypomineralisation”[tiab] OR “incisor molar hypomineralization”[tiab]OR “incisor molar hypomineralisation”[tiab] OR
“molar hypomineralization”[tiab] OR “molar hypomineralisation”[tiab] OR “hypomineralized molar*”[tiab] OR “hypomin-
eralised molar*”[tiab] OR “incisor hypomineralization”[tiab] OR “incisor hypomineralisation”[tiab] OR “deciduous molar
hypomineralization”[tiab] OR “deciduous molar hypomineralisation”[tiab] OR “hypomineralized second primary molar*”[tiab]
OR “hypomineralised second primary molar*”[tiab] OR “enamel defect*”[tiab] OR “developmental defects of enamel”[tiab]
OR “developmental defect of enamel”[tiab] OR “enamel developmental defect*”[tiab] OR “dental enamel”[tiab] OR “tooth
demineralization”[tiab] OR “tooth demineralisation”[tiab] OR “enamel hypoplasia”[tiab] OR “Tooth Abnormalit*”[tiab] OR
“Incisor opacit*”[tiab] OR “Dental Enamel Hypoplasia”[tiab]
AND
“Quality of Life’[Mesh] OR OHRQoL[tiab] OR QoL[tiab] OR HRQL[tiab] OR HRQoL[tiab] OR OHRQL[tiab] OR “pa-
tient reported outcome*”[tiab] OR “perception*”[tiab] OR “Oral Health”[tiab] OR “Psychosocial impact*”[tiab] OR “Life
Quality”[tiab] OR “Health-Related”[tiab] OR “Quality Of Life”[tiab] OR “Health Related Quality Of Life”[tiab]

Embase:

(‘tooth malformation’/exp OR  mih:ab,tikw OR  ‘molar incisor hypominerali’ation’:ab,tikw OR  ‘incisor molar
hypominerali?ation’:ab,ti,kw OR ‘molar hypominerali?ation’ab,tikw OR ‘hypominerali’ed molar*:ab,t,kw OR ‘inci-
sor hypominerali?ation’:ab,ti,kw OR ‘deciduous molar hypominerali?ation’:ab,ti,kw OR ‘hypominerali’ed second prima-
ry molar®:ab,ti,kw OR ‘enamel defect*’:ab,ti,kw OR ‘developmental defect* of enamel’:ab,ti,kw OR ‘enamel developmental
defect®:ab,ti,kw OR ‘dental enamel’:ab,ti,kw OR ‘tooth deminerali?ation’:ab,ti,kw OR ‘enamel hypoplasia:ab,ti,kw OR ‘tooth
abnormalit*’:ab,ti,kw OR ‘incisor opacit*’:ab,ti,kw OR ‘dental enamel hypoplasia’:ab,ti,kw)

AND (‘quality of life’/exp OR OHRQoL:ab,ti,kw OR qol:ab,ti,kw OR hrql:ab,ti,kw OR hrqol:ab,t,kw OR ohrql:ab,ti,kw OR
‘patient reported outcome*’:ab,ti,kw OR perception*:ab,ti,kw OR ‘oral health’:ab,ti,kw OR ‘psychosocial impact*:ab,ti,kw OR
‘life quality’:ab, ti,kw OR ‘health related’:ab,ti,kw OR ‘quality of life’:ab,ti,kw OR ‘health related quality of life’:ab,ti,kw)

Cochrane central:

([mh “Dental Enamel Hypoplasia”] OR MIH:ti,abkw OR “molar incisor hypominerali?ation”:ti,ab,kw OR “incisor mo-
lar hypominerali?ation”:ti,ab,kw OR “molar hypominerali?ation”:ti,ab,kw OR “hypomineralied molar*”:ti,ab,kw OR “inci-
sor hypominerali?ation”:ti,ab,kw OR “deciduous molar hypominerali?ation”:ti,ab,kw OR “hypominerali’ed second primary
molar*”:ti,ab,kw OR “enamel defect*”:ti,ab,kw OR “developmental defects of enamel”:ti,ab,kw OR “developmental defect of
enamel”:ti,ab,kw OR “enamel developmental defect*”:ti,ab,kw OR “dental enamel”:ti,ab,kw OR “tooth deminerali?ation”:ti,ab,kw
OR “enamel hypoplasia™:ti,ab,kw OR “Tooth Abnormalit*”:ti,ab,kw OR “Incisor opacit*”:ti,abkw OR “Dental Enam-
el Hypoplasia™:ti,ab,kw) AND ([mh “Quality of Life”] OR OHRQoL:ti,ab,kw OR QoL:ti,abkw OR HRQL:ti,ab,kw OR
HRQoL:ti,abkw OR OHRQL:ti,abkw OR “patient reported outcome*”:ti,ab,kw OR perception*:ti,abkw OR “Oral
Health”:ti,ab,kw OR “Psychosocial impact*”:ti,ab,kw OR “Life Quality”:ti,ab,kw OR Health-Related:ti,ab,kw OR “Quality Of
Life:ti,ab,kw OR “Health Related Quality Of Life”:ti,ab,kw)

Google Scholar:
“molar incisor hypomineralisation” AND “Quality of Life”
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Supplement S2

Narrative review of study not included in meta-analyses
n(%)

Stud . . . OHRQoL
Study Country desigfl Samplessize Age in years participants instrugent Summary of results
with MIH
:l/el;([)l;{ éa(it) Colombia | case-control 88 ‘ 8-10 ‘ 88 ‘ CPQ8-10 ‘ MIH is associated with a worst OHRQoL in children

This study was conducted in Bucaramanga. Age of participants varied between 7-10 years old (8.6 + 1.2 years). 88 children
were selected by convenience sampling and were divided equally into a case group (with MIH) and a control group (without
MIH). Diagnosis of MIH was carried out using the EAPD criteria, whereas the severity of MIH was evaluated using the criteria
of Mathu Muju and Wright. The Oral Health Related Quality of Life was measured using the CPQ 8-10, which consists of 25
questions divided in 4 domains, where the lower scores indicate a better OHRQoL.

Furthermore, a questionnaire filled by the parents/caregivers was used to collect socio-demographic information. A statistically
significant difference was found in the average CPQ 8-10 scores between the MIH group (17.4 + 14.1) and the control group
(4.3 + 4.1), indicating a negative impact of MIH on OHRQoL in children. These results are in agreement with a study done
in Mexico that used the same questionnaire (Gutierrez TV et al.). On the other hand, (Arrow et al. 2017, Freitas Fernandes et
al. 2021) found no association of enamel defects in first permanent molars on OHRQoL. Even though in this study no statis-
tically significant difference was found regarding the severity of MIH, severe MIH was associated with greater negative impact
on OHRQoL than mild MIH in another study (Elhennawy et al. 2021). Although female participants with MIH in this study
showed higher CPQ 8-10 scores than males, which comes in line with other studies (Dantas-Neta et al. 2016), this difference
was not of significance. On the other hand, a statistically significant difference regarding socioeconomic status and type of social
security was found among participants with and without MIH.

Due to the convenience sampling in this study and including participants from only a public educational institution, that doesn’t
include all socio-economical levels, the results found could not be generalized. Furthermore, many confounding variables were
not taken into consideration in the analyses.

Supplement S3

Excluded articles after full text assessment with reasons

Reference Article title Reason for exclusion
@) Assessing the prevalence of molar-incisor hypomineralization and its effects on oral health-related No control or
quality of life in children aged 8-12 years in the city of Kerman, Iran o controtgroup
3) Ehange's in qral health-related quallty.of life af.ter treatment of hypersensitive molar incisor No control group
ypomineralization-affected molars with a sealing
Child oral health-related quality of life (COHQoL), enamel defects of the first permanent molars MIH not extractable as it. is diVi.dFd
(4) . . . ; . into incisors and molars, in addition a
and caries experience among children in Western Australia L
more recent study is available
) DenFal caries, but not malocclusion or developmental defects, negatively impacts preschoolers MIH not extractable
quality of life
(6) Developmental enamel defects and their impact on child oral health-related quality of life MIH not extractable
@) Enamel development defects and oral symptoms: A hierarchical approach Egtort:leedfu” questionnaie results were
®) Hat die Molaren-Inzisiven-Hypomineralisation einen Einfluss auf die mundgesundheitsbezogene N trol
Lebensqualitit betroffener Kinder? o controtgroup
©) Health and oral health-related quality of life of children and adolescents with chronic kidney MIH not extractable and kidney
disease: a cross-sectional study disease
(10) Impact of Developmental enamel defects on quality of life in 5-year-old children MIH not extractable
(11) Inﬂuencc? of cus'tomlzed therapy for molar incisor hypomineralization on children’s oral hygiene No validated QoL instrument
and quality of life
(12) Molar—incis9r hypf)mineralization: parent’s and children’s impact perceptions on the oral health- 1o control group
related quality of life
(13) Oral health-related quality of life among Brazilian preschool children MIH not extractable
(14) Oral health-related quality of life of 11- and 12-year-old public school children in Rio de Janeiro | MIH not extractable
(15) Oral health—rclated quality—(?f—life among children in Swedish dental care: The impact from MIH not extractable
malocclusions or orthodontic treatment need
(16) Oral health-relat.ed quality-of-life in Swedish children before and after dental treatment under MIH not extractable
general anesthesia
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(17) Prevzﬂence of self—r.eported dental pain and associated factors among eight- to ten-year-old MIH not extractable
Brazilian schoolchildren
(18) The chmc%ll efﬁ?acy of qr.thodontlc treatment :imd implant restoration in the treatment of MIH not extractable
malocclusion with dentition defects and their impact on patients’ quality of life
The influence of oral health conditions, socioeconomic status and home environment factors on
(19) : \ . ; . MIH not extractable
schoolchildren’s self-perception of quality of life
Only severe caries hence not
(20) Treatment of Severe Caries and Molar Incisor Hypomineralization and Its Influence on Oral comparable with other control groups
Health-Related Quality of Life in Children: A Comparative Study and only severe MIH hence not
comparable with other studies
Supplement S4

Methodological quality assessment of the studies included in the meta-analysis

Option 1
Stud Newcastle-Ottawa scale (NOS) adapted for cross-sectional studies
Study de;li i’l Selection Comparability Outcome
& (max 5 stars) (max 2 stars) (max 3 stars)
(21) Cross-sectional fokxoxok Xk Kk
(22) Cross-sectional oforfox * Xk
(23) Cross-sectional doroxok *ok *k
(24) Cross-sectional X%k * *K
(25) Cross-sectional okokok *% *k
(26) Cross-sectional Xkokk * ok
(27) Cross-sectional *okokk * K
(28) Cross-sectional Horoorok * *
(29) Cross-sectional XKk * *K
(1) Cross-sectional ok *
Newcastle-Ottawa scale (NOS) for cohort studies
Study - —
Study Design Selection Comparability Outcome
(max 4 stars) (max 2 stars) (max 3 stars)
(30) ‘ Cohort ‘ Kok ‘ ‘ .
Newcastle-Ottawa scale (NOS) for cohort studies
Study - —
Study Design Selection Comparability Outcome
(max 4 stars) (max 2 stars) (max 3 stars)
(31) ‘ Case control ‘ * ‘ ok ‘

Each star refers to a positive answer in the Newcastle-Ottawa Quality Assessment Form.
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Funnel plots
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Funnel plot for the evaluation of publication bias for studies
evaluating the association of MIH presence and OHRQOL

Supplement S6

Sensitivity analysis

Funnel plot for the evaluation of publication bias for studies
evaluating the association of severe MIH and OHRQOL

Meta-analysis Study omitted OR (95% CI) P value
Arrow, 2017 (30) 1.82 (1.02 - 3.25) 0.04
Cerqueira Silva et al. 2021(21) 1.73 (0.92 - 3.25) 0.09
Dantas-Neta et al. 2016 (28) 1.81 (1.00 - 3.26) 0.05
Elhennawy et al. 2022 (26) 1.57 (0.86 - 2.89) 0.14
Folayan et al. 2018 (23) 1.87 (1.06 - 3.31) 0.03
MIH presence Freitas Fernandes et al. 2021(22) 1.84 (1.03 - 3.28) 0.04
Gutiérrez et al. 2019 (24) 1.50 (0.89 - 2.51) 0.13
Joshi et al. 2022 (27) 1.41 (0.85 - 2.33) 0.19
Michaelis et al. 2021 (29) 1.71 (0.89 - 3.26) 0.11
Portella et al. 2018 (31) 1.94 (1.10 - 3.42) 0.02
Portella et al. 2019 (25) 1.77 (0.98 - 3.19) 0.06
Cerqueira Silva et al. 2021(21) 3.51 (1.50 - 8.18) 0.004
Dantas-Neta et al. 2016 (28) 4.15 (1.98 - 8.74) 0.0002
MIH severity Elhennawy et al. 2022 (26) 3.23 (1.36-7.71) 0.008
Freitas Fernandes et al. 2021 (22) 4.06 (1.88 - 8.77) 0.0004
Joshi et al. 2022 (27) 2.42(1.51-3.87) 0.0002
Michaelis et al. 2021 (29) 3.56 [1.36 - 9.34) 0.01
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