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Abstract

Project Code: RSA5280025
Project Title: Molar Incisor Hypomineralization in Northeastern Thai Children
Investigator:  Associate Professor Dr. Waranuch Pitiphat
Department of Community Dentistry, Faculty of Dentistry, Khon Kean University
E-mail Address: waranuch@kku.ac.th

Project Period: March 2009- March 2017

Objectives: Molar incisor hypomineralization (MIH) is enamel hypomineralization of systemic
origin of one or more first permanent molars frequently associated with affected incisors.This
study aimed to: (1) determine the risk factors of MIH; (2) monitor the disease progression of
MIH over a 6-year period; (3) compare the prevalence and severity of MIH in 7-8 year-old
children in urban area with those in rural or semi-urban area; and (4) evaluate the association

between MIH and dental caries.

Methods: A prospective study was conducted among 728 child participants of a birth cohort
study (The Prospective Study of Thai Children, PCTC) in Kranuan district of Khon Kaen (rural
or semi-urban area). Oral examinations were conducted 8 times, starting when the children
were 6 years of age until 12 years. Two calibrated dentists evaluated MIH lesions using the
European Academy of Paediatric Dentistry criteria in 2003. Dental caries was examined by 2
other calibrated dentists according to the World Health Organization criteria. Information on
potential risk factors of MIH was obtained from the PCTC database. Additionally, we carried
out a cross-sectional survey in 420 children aged 7-8 years who attended primary school in
Muang District of Khon Kaen (urban area). These children were selected by stratified random

sampling. Oral examinations were performed in the same manner as in the prospective study.

Results: (1) Children who admitted to the hospital at the age of 2 years or under were twice
more likely to develop MIH as compared to those who never did (relative risk 2.0, 95%

confidence interval 1.2-3.2). There was no association between MIH and maternal lifestyles



during pregnancy, maternal medical history, birth outcomes, child growth status, and duration of
breastfeeding. (2) The analysis of MIH progression in this report included 43 children who
completed all examinations at 8 time points. Out of 97 affected teeth at baseline, 76.3% were
presented with demarcated opacities, 21.6% post-eruptive ename breakdown (PEB), and 2.1%
atypical restoration. Thirty percent of teeth with demarcated opacity at baseline, had enamel
breakdown subsequently, mostly within 2 years. Twenty-nine percent of teeth with PEB were
extracted later, mostly within 3 years after the first diagnosis. (3) The prevalence of MIH was
significantly higher among children in urban area (27.9%) than those in rural/semi-urban area
(19.7%). Nonetheless, damarcated opacity (mild defect) was presented more in the urban
(92.7%) than in rural/semi-urban area (67.9%). (4) Children with MIH had a significantly higher
caries experience (DMFS = 2.1) than the unaffected (DMFS 1.5, p = 0.02). MIH molars were
1.3 times more likely to develop dental caries than non-MIH molars (Odds ratio, OR = 1.3, 95%

confidence interval, 95%CI = 1.1-1.6, p = 0.003).

Conclusion: MIH is associated with poor health during the first 2 years of life. The prevalence
of MIH was high in Khon Kaen province. Children in urban area had higher prevalence, but
less severe form, of MIH than those in rural/semi-urban area. Hypomineralized enamel defects
become more severe with increasing age and are associated with dental caries. The lesions
usually progress within 3 years after tooth eruption. A close monitor and surveillance of children
with MIH are therefore essential to prevent disease progession and subsequent tooth
extraction.  Further research is needed to identify effective preventive strategies and

management of MIH.

Key word: Molar Incisor Hypomineralization, Longitudinal study, Prevalence, Disease

progression, Risk factor
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0.99 MU 1AU ﬂi:LﬁumwﬁnL%aﬁaizmﬂa;jmaﬁlvlei”@h@”‘*ﬁﬁl,l,ﬂﬂm WinAL 0.99
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#9A537 §NN2EN3AREN SruzaMT e UBIINTeN MazlaTwmImsisulhouasen i
vL@T%”mﬁaLﬁﬂmq@m gdanmsiia MIH lasldaiid Simple logistic regression 1szanmuen
Relative risk (RR) 91n@1 Odds ratio (OR) Waz 95% confidence interval (Cl) i
Tasufinuidibidyneafiad ip < 015 anfnuadududsdassiieTianed
ANMUFNNWEA28 Multivariate logistic regression analysis NINAFULTWUULFDING
e aUNEATYT 5%

100178907 2 ﬁﬂﬂﬂ'ﬁé’ﬂﬁﬂ'mzﬂﬁi@i’nﬁuiiﬂ"llad MIH lagnms@aaaiduszaziia
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wasANdoIlUIATI (standard deviation, SD) LWIsuLisuNN 6 LAak UazfIWImh
JLULIRURRINNY  MIH nJﬁmsm"’ummgmmwaﬂsﬂ W LUREUIIN enamel
. < . . = . A Y= =

involvement L1 dentin involvement %38 pulp involvement Wasuanmshidanmaien

W uiarmsroIWn Lﬂﬁﬂu'ﬂ'mﬂuﬁ"l,&isyﬂuﬁua Lludn

NSANEIN 2 MIANBLLLAAUIN
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2. ANBIANUFNNUTIZAININIILAN MIH ﬁ'uam’szimﬂmg

2.2 jlununsdnsn

suuuumsAnsdunsANILUY Cross-sectional study

2.3 szrnsluns@ns
sz nsluwn3dnsnt LﬂuLﬁﬂmqi:%dN 7-8 TNondaluaIviauaulnk lagiid
aanlu 2 ngw A9
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& A o A =2 = AR a =<
1) wonfenduluwaiias wuede wenndans lulsaSoudszandnsnluea
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2.4 n3guaL9
o a ~ o A = 09: dﬂld 1 s 1 U o s
fmiudnludunaidios lunmsdinmeisitiindudantng 420 au lasguuuudiey
T4 (stratified random sampling) @NvwIa2adl3aSew wiadulsasousuianai
. L P
(F1w2% 301-1,499 au) 23 lsoTou uazlsaiSouamalng F1waw 1,500 auwdwll) 5
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ANHILUUATIT MANLN I LN1IATIUaZ 3 LATE RN EILENS (consistency)
I@ﬂﬁﬂm’mlmﬁﬂﬁﬁamazmﬁauﬂuazauLLiﬁﬁ@;W'ﬁ'aﬂuﬁummLLazﬁu@T@] 5 au N
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SeEHITHEENITEY 2 % INIHIIHANIATIATIREIR TSNS B LA BLT Y ThAawaa

NNNINTBLART 10 E}’mnﬁamumuﬂﬁ'ﬂmmGVTLLazmnﬁﬁﬂ'ﬂajﬁ]um:ﬁ'\ivlﬁwalnﬁlﬁmﬁ'u
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298 I (S28az)
AT MiH gilaiflu | Relative Risk (95% | p-value
MIH Confidence Interval)
mMIfuLaanagas
L 75 (19.3) 314 (80.7) 1.0
fa 13 (22.4) 45 (77.6) 1.2 (0.6-2.3) 0.57
mMsauaNEn
lajdia 31 (22.6) 106 (77.4) 1.0
fia 57 (18.3) 254 (81.7) 0.8 (0.5-1.3) 0.29
migugﬁ%‘
gy 87 (19.5) 359 (80.5) 1.0
qu 1 (50.0) 1 (50.0) 4.1 (0.2-66.6) 0.35
mafllsieaduniun
lajtas 89 (19.5) 368 (80.5) 1.0
1Y 3 (42.9) 4 (57.1) 3.1 (0.7-14.1) 0.14
msidsianaduliaien
Litae 89 (19.4) 369 (80.6) 10
e 3 (50.0) 3 (50.0) 4.1 (0.8-20.9) 0.09

fFRTUTITLAIUNITAREA WUILANNAFAANBWIIRRANANVLRIIGANITIAA

8§01z MIH (38882 28.9) gaﬂdnﬁﬂﬁﬂaa@muﬁmu@ (30882 19.6) 1.7 L¥i1 (RR= 1.7)
1 1 o o a Aaa 1 s nﬂ' £ 1 AaA

ud AN Isia (95%CI=0.8-3.3, p=0.14) d1uila38due laun AN Inaaa N3

ANLRDAVAINRAA NIITUNINTAUTZLEZHAIANAA LASHIRUNLINARAA LUTANNTFUNWS

AuMILAaRN122 MIH luldn ad9e13197 8
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1298 1w (S28a2)
giiumib | g7ilsiu | Relative Risk (95% | p-value
MIH Confidence
Interval)

01YATIIVULARNDA

ATUMARG (37 é’ﬂmﬁifuvl,ﬂ) 76 (19.6) 311 (80.4) 1.0

Aauinua (Heanin3zaland) | 13 (28.9) 32 (71.1) 1.7 (0.8-3.3) 0.14
anaa

Un@ 79 (19.7) 322 (80.3) | 1.0

HaUn@ 14 (19.2) 59 (80.8) 0.9 (0.5-1.8) 0.91
NMIANLRDARAIARDA

1aid 90 (19.9) 363 (80.1) | 1.0

fanifea 2 (13.3) 13 (86.7) | 0.6 (0.1-2.8) 0.74
AMZUNINTOUIZLLHAINREA

g 92 (19.9) 371 (80.1) 1.0

i 1 (14.3) 7(85.7) | 0.5 (0.1-4.7) 1.00
iwinusnaaea

Un@ 80 (18.7) 347 (81.3) | 1.0

dniunmas (§ndn 2500n30) | 10 (21.7) 36 (78.3) 1.2 (0.5-2.5) 0.62

nnmiddunizdumanigidvlavasdn lasldininuazdiugiluudas

ﬁaamqmamﬁn I@ULLﬂﬂﬂﬁmmﬁmﬁmﬁfﬂ@iamq (weight for age) INLWNATNLNA LLAZAN

8IUFIAB8Y (height for age) FIUUNGIWLNA wuiwnﬁazinﬁuﬁﬂﬂsﬁ@iWﬂdﬂmmg’m

1 é 1 = 5 > a
slwﬁ’mmq 1 1601 6 teaw 1 11 Ja39 uaz 2 1 LWidanusuwusnumsiiasniiz MIH

(@397 9)
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298 I (308a%)
gidumH | gilain | Relative Risk (95% | p-value
MIH Confidence Interval)

ﬁmﬁfmﬁmﬁamq 1 100w

Un@ 82 (19.4) 340 (80.6) 1.0

oy 11 (22.9) 37 (77.1) 1.2 (0.6-2.5) 0.56
mmmuﬁmﬁamq 1 100%

Uné 86 (19.2) 363 (80.8) 1.0

o 7 (33.3) 14 (66.7) 2.1 (0.8-5.4) 0.15
ﬁ?%ﬁﬂLﬁﬂLﬁﬂﬂ’]ﬂq 6 LAan

Uné 83 (19.8) 336 (80.2) 1.0

Wae 9 (22.5) 31 (77.5) 1.2 (0.5-2.5) 0.68
ﬂ'nmml,ﬁmfiamq 6 Laan

Uné 91 (20.5) 352 (79.5) 1.0

& 1(6.3) 15 (93.7) 0.2 (0.03-1.9) 0.21
ﬁmﬁfmﬁmﬁamq 11

Uné 75 (20.9) 283 (79.1) 1.0

o 19 (15.6) 103 (80.4) 0.7 (0.4-1.2) 0.19
mmmuﬁmﬁamq 11

Uné 87 (20.1) 345 (79.9) 1.0

o 7 (14.6) 41 (85.4) 0.6 (0.3-1.5) 0.35
ﬁ?%ﬁﬂLﬁﬂLﬁﬂﬂ’]ﬂq 1.5 1

Uné 44 (20.0) 176 (80.0) 1.0

e 22 (18.8) 95 (81.2) 0.9 (0.5-1.6) 0.79
ﬂ'nmml,ﬁmfiamq 151

Uné 62 (19.7) 252 (80.3) 1.0

& 32 (19.3) 134 (80.7) 0.9 (0.6-1.5) 0.90
m{mﬁfmﬁmﬁamq 21

Uné 71 (20.6) 274 (79.4) 1.0

o 22 (17.2) 106 (82.8) 0.8 (0.5-1.4) 0.14
mwmuﬁmi‘iamﬂq 21

Uné 72 (19.0) 306 (81.0) 1.0

o 22 (21.8) 79 (78.2) 1.1 (0.6-2.0) 0.53
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PMNANTNN10 LEAIANUFUNBFTZRIALRREINWINATIVBINILI VY18 IUG B
< \ A \ & Ada A A o
wanlulsaneuavaddn dan1siia MIH wuii Lanndan1z MIH Jaafsuassnuis
& & Ao ' A =2 <&
assvaInmaduthefidasuaulssneiuna lugieny 6 dauda 1 3 (0.28 a33, SD= 0.68)
gandnguitlaiidu MIH (0.13 @33, SD=0.44 , p=0.02) uaz fduadvvasFuInaIIvas
maduthefidasuaulssweuna lugweny 1 Ois 28 (0.39 A3, SD= 0.89 ) g9ni
nguflaiidu MIH (0.15 @33, SD= 0.4, p<0.01) wananidanuinanfiiuilisaudas
waululsswenunalugiseny 6 1deudis 1 U (Fawaz 30.4) danuiFuadansifiaaning
MIH gandngufi liaouaululsswerunalugaedindd (Faoas 18) i 2 111 (RR=2.0,
95%CI=1.1-3.7, p=0.02) uaztanfiivtheoaudasuaululsaneuialugeny 1 dfs2 @
o A A \ A - o
(Foraz 31) danuEnsdentaifiaaniz MIH genduanildiasueululsanena (Son
8z 17.4) Tutsangdeanuiis 2.1 1 (RR=2.1, 95%CI=1.2-3.7, p<0.01) uaziilaNanymm
& & A & = & A & @ o
lagmwasudidnusnifiafiveny 2 I wodudnfiesiduthvaudasuaululsaweia (Sae
8z 28.1) LFpddamfiaandz MIH gandudndilinouaululssweuna (Savaz 16.3) 2

¥ (RR=2.0 , 95%CI=1.2-3.2, p<0.01) (171971 11)

A13191 10 AafdwInMIaua muﬁamaﬂiaw HIUNAVBILAN

ﬁ?da’lq MIH case (N=94) non-case (N= 390) p-value
(mean *SD) (mean * SD)
wsniia 3 1dan 0.02 + 0.14 0.02 + 0.17 0.91
6 Lauie 1 1 0.28 + 0.68 0.13 +0.44 0.02*
180921 0.39 + 0.89 0.15 + 0.44 <0.01*
4 3 TN 0.70 + 1.37 0.31 + 0.71 <0.01*
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q' a o 6 1 [ 3 ' 3 ¥
MN1319N 11 mmauwuﬁszmwﬂ%Umum‘muﬂ’;mlmL@nau@amauslui‘sawmumlu

LL@iaz"ﬁqu@iamiLﬁ@amaz MIH

298 1 (F08az)

anidwmiH | gAlaidw MIH | Relative Risk (95% | p-value

Confidence Interval

wInLAaNI3LAan
laiiae 92 (19.5) 381 (81.5) 1.0

g 2 (18.2) 9 (81.8) 0.9 (0.2-4.3) 1.0

3L00u0I 6 LAan
laitas 87 (19.1) 369 (80.9) 1.0

e 7 (26.9) 19 (73.1) 1.5 (0.6-3.8) 0.32

6 ooy 1 1

laiiae 77 (18.0) 351 (82.0) 1.0

Lag 17 (30.4) 39 (69.6) 2.0 (1.1-3.7) 0.02
1 D692 1

laiae 72 (17.4) 341 (82.6) 1.0

L 22 (31.0) 49 (69.0) 2.1 (1.2-3.7) <0.01

TINLINLARDe 2 T
laivae 58 (16.3) 298 (83.7) 1.0

g 36 (28.1) 92 (71.9) 2.0 (1.2-3.2) <0.01

fniuftsduszsznamaldiuunuivenan wohlungufiiaaniiz MIH 4
spznaMIdsusudlasdorinny 6.6 WWeu Aaitag i 5 Weu daungud
A A A A A A Ve | @ A o @
auAaUnGuedaRauANRIARIuaTATYFIWYINNL 5.7 1Az 2 LAauAINEIaL
JrazaMI LU RN BTN NFUWREAUATIAA&A1IZ MIH - (Mann-Whitney  U-test,

0=0.23) 315797 12
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A13519N 12 LﬁﬁsmLﬁsuszmnmm‘s"l,@ﬁ'uuuLL&imaaLﬁﬂiugﬁLﬂu MIH LLaz;‘Tﬁvl,&iLflu MIH
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ANWE 218 (n=204) | B9 (n=216) | 39N (n=420)
oy (D)
fady a'amﬁmmummgm 8.0£0.5 8.0£0.4 8.0£0.5
Wae 7-9 7-9 7-9
T e e LI
fLade + ﬁmlﬁmmummgm 3.820.6 3.920.5 3.820.6
Wt 1-4 1-4 1-4
Sruuiurti dauiRd
fady + mmﬁmmummgm 6.122.0 6.122.1 6.122.1
Wt 0-8 0-8 0-8
dmft
Aady + mun’jmmummgm 5.2+3.8 5.5£3.6 5.4£3.7
Wae 0-17 0-14 0-17
dmfs
fady a'amﬁmmummgm 13.5£11.8 14.2£11.7 13.9£11.7
Wae 0-50 0-49 0-50
DMFT
Aady + ﬁamﬁmmummgm 1.0£1.4 1.4£1.5 1215
Wt 0-7 0-7 0-7
DMFS
fady + mmﬁmmummgm 1.4£2.1 1.9+2.4 1.7£2.3
Wt 0-11 0-15 0-15

{ 1 { o v { L= v IJ 1
M137191 20 LS HUABUANRRITIWIBANUNTINUATUIN WHAAUNNUWIUT091 N dmft  dmfs

DMFT was DMFS mmha;jﬁﬁl,l,azvl&iﬁamazm?iauﬂ’uamuLLiﬁwlwiaaluﬁummLLa:ﬁu@T@

ANWE ﬂ'uagﬂtd'smﬂmm%mmg'm p-value
A7 MIH (n=117) | 7ilaivin MIH (n=303)
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rumiuaaurifaulugestn 6.3+1.9 6.1£2.1 0.27
dmft 5.2+3.7 5.54£3.7 0.46
dmfs 12.8£12.2 14.3£11.5 0.27
DMFT 1.4+1.4 1.1x1.5 0.07
DMFS 2.1+2.4 1.54£2.2 0.02*

(*) = s INRpE A YNIRDA
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| Ty | Ty | Ty
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(36.8) | (63.2) (1.1-1.7) 34.7) | (65.3) (1.0-1.8) (39.1) | (60.9) (1.1-1.8)
afladu MH | 347 | 938 1.0 166 | 471 1.0 181 467 1.0
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Clinical Article

CROSS SECTIONAL STUDY

Molar Incisor Hypomineralization and Dental Caries in Six- to Seven-year-old Thai Children
Waranuch Pitiphat, DDS, MPHM, MSc, ScD' ¢ Ratchanekorn Savisit, DDS, MSc? ¢ Nusara Chansamak, DDS, MSc « Ajiravudh Subarnbhesaj, DDS, MSc*

Abstract: Purpose: This study aimed to determine the prevalence of molar incisor hypomineralization (MIH) in Thai children and evaluate the
association between MIH and dental caries in the permanent dentition. Methods: A cross-sectional study was conducted among six- to seven-
year-old participants of a birth cohort study in Khon Kaen, Thailand. MIH was examined by one calibrated dentist using European Academy of
Pediatric Dentistry criteria. The association between MIH and caries was determined by logistic regression at subject level, and generalized
estimating equations at tooth level. Results: Of 484 children who had at least one erupted permanent first molar, the prevalence of MIH was
20 percent, with no difference between genders. Children with MIH had increased odds of having caries in the permanent dentition compared
to those without MIH (odds ratio [OR] equals 4.6; 95 percent confidence interval [Cl] equals 2.7 to 7.9). MIH molars had approximately 10
times higher odds of developing caries than non-MIH counterparts (OR equals 9.9; 95 percent Cl equals 5.7 to 16.9). Caries risk was higher
in the upper molars than in the lower molars. Conclusions: Molar incisor hypomineralization is common and associated with increased risk

for dental caries among this group of Thai children.
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A relatively high prevalence of molar incisor hypomineraliza-
tion (MIH) has recently been recognized among pediatric
dentists worldwide. MIH is enamel hypomineralization of
systemic origin of one or more permanent first molars (PFMs),
which frequently occurs in combination with affected incisors.!
MIH is characterized by demarcated enamel opacities of dif-
ferent colors, ranging from white to yellow or brown. The
enamel in the affected areas can be soft and porous,*? leading
to loss of initially formed surface enamel soon after tooth
eruption. MIH is a relatively common condition that can
cause tooth hypersensitivity, serious pain, and early loss of the
affected teeth. In some European countries where dental caries
rates have declined, MIH has become more apparent and was
indicated as one of the most common reasons for tooth loss
in children, second only to dental caries.

Because of its characteristics, such as high porosity and
low mechanical resistance,” MIH defect has been associated
with rapid caries development.! Nonetheless, few studies eval-
uated MIH in relation to dental caries; also, contrary to a
common perception, the results were inconsistent. While
most studies showed that children with MIH had significantly
more caries in the permanent dentition compared to children
without MIH,*!" other investigations observed no relation-
ship between MIH and dental caries.'**

Most studies of MIH were conducted in Europe, with
a reported prevalence ranging from two percent'* to 38 per-
cent.” Data from Asian populations are limited, with only
four studies from Hong Kong,!! Iraq,' Jordan,"” and India.'®
Prevalence surveys of MIH are indeed needed to identify the
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disease burden, which, in turn, facilitates planning and imple-
mentation of dental public health programs in the community.

Therefore, the purposes of this study were to: (1) determine
the prevalence of molar incisor hypomineralization in six- to
seven-year-old children in a nonfluoridated area in northeast
Thailand; and (2) evaluate the association between MIH and
dental caries in the permanent dentition. We hypothesized that
an association existed between MIH and dental caries in the
permanent dentition.

Methods

Study population. This cross-sectional survey was conducted
in a semi-urban and rural community in the Kranuan District
of Khon Kaen province in northeast Thailand. The levels of
fluoride in drinking water in the area ranged between 0.01
to 0.28 ppm. Eligible subjects were 860 participants of the
Prospective Cohort Study of Thai Children (PCTC)" who
were born in the district between January 20, 2001, and
January 20, 2002. PCTC is a population-based cohort study
aimed at evaluating the effects of early environment and child-
rearing practices on children’s health and development. There
were five study sites located in different parts of the country,
with Khon Kaen being representative of the northeast region.
The Khon Kaen project recruited mothers at 28 to 38 weeks
of their pregnancy and followed the children until three years
of age.

When these children were six to seven years old, we were
able to approach 636 of them (74 percent) at schools during
the study period between January and February 2008. Subjects
whose PFMs had not erupted at examination were excluded
(N=152). Written informed consent was obtained from all
guardians and children prior to the examination. The research
protocol was approved by the Ethics Committee for Human
Research at Khon Kaen University, Khon Kaen, Thailand.

Clinical examinations. Clinical examinations were per-
formed in a school setting under natural light using a mouth
mirror and blunt dental explorer. MIH was examined by one



calibrated dentist using the criteria suggested by the Euro-
pean Academy of Pediatric Dentistry (EAPD) on 12 index
teeth, including four PFMs and eight incisors, under wet
conditions.? The recorded conditions included demarcated
opacity, posteruptive enamel breakdown, an atypical restora-
tion, an extraction due to MIH, and an unerupted tooth. A
child was considered as having MIH when at least one PFM
had demarcated enamel lesions.?’ A full-mouth dental caries
examination was conducted by another calibrated dentist
using the World Health Organization criteria for dental caries
diagnosis,” in which dental caries is defined as a cavity into
the dentin. Ten percent of the subjects were examined twice to
assess the reliability of the examiners. Intraexaminer agree-
ment was high, with a kappa value of 0.94 for MIH and 0.92
for caries measurements. The two examiners were blinded to
the other respective examiner’s findings.

Statistical analysis. The prevalence and distribution of
MIH were expressed by descriptive statistics. To determine the
difference between children with and without MIH, we used
the chi-square test for categorical data, two independent
sample 7 test for normally distributed continuous data, and the
Mann-Whitney U test for skewed continuous data. Odds ratio
(OR) and 95 percent confidence interval (CI) values were
computed by logistic regression to estimate the association be-
tween the presence of MIH and dental caries at subject level.
We used generalized estimating equations (GEE) with a logit
link to determine the association between enamel hypomin-
eralization and dental caries at tooth level. The GEE analyses
accounted for the correlation among teeth within each indi-
vidual. Values of P<.05 were considered statistically significant.

Results

Prevalence and distribution of MIH. The subjects consist-
ed of 238 males (49 percent) and 246 females (51 percent).
Ages ranged between six and seven years old, with a mean
age (+ standard deviation [SD]) of 6.5+0.3 years old. The
mean decayed, missing, and filled teeth index was 8.8+4.3
in the primary dentition (dmft) and 0.2+0.6 in the perma-
nent dentition (DMFT).

Among the 484 children examined, 95 were diagnosed
with MIH, corresponding to a prevalence of 20 percent. There
was no statistical difference in the prevalence between boys and
girls (19 percent versus 21 percent, respectively). When con-
sidering only children with all four PEMs erupted (N equals
284), the prevalence of MIH was 21 percent. No significant
difference was observed between genders (Table 1).

Out of 95 children with MIH, 75 percent had at least
one erupted permanent incisors at the time of examination.
Eighty-two children (86 percent) had MIH lesions on first
molars only, while the remaining had lesions on both first
molars and incisors. Regarding the severity of lesions, most
children (72 percent) had demarcated opacity only. Twenty-
four children (25 percent) had at least one tooth with post-
eruptive enamel breakdown. Only three children (3 percent)
had an atypical restoration, and none had tooth extraction due
to MIH. The average number (+SD) of erupted PFMs was
3.420.9, of which 2.0£1.0 teeth had enamel hypominerali-
zation. The average number of erupted incisors was 2.2+1.8,
of which 0.2+0.6 teeth were affected.

MIH and dental caries risk. Table 2 compares the dental
caries status and numbers of erupted permanent teeth be-
tween children with and without MIH. The two groups were
similar regarding the dental caries experience in the primary
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Table 1. PREVALENCE OF MOLAR INCISOR HYPOMINERALIZATION

(MIH) IN SIX- TO SEVEN-YEAR-OLD CHILDREN IN
KRANUAN DISTRICT, KHON KAEN, THAILAND

21 permanent first molar

erupted (N=484)

All permanent first molars
erupted (N=284)

N (%) N (%)
All Boys Girls All Boys  Girls
Children 95(20) 44(19) 51(21) 59(21) 27(19) 32(23)
with MIH

Table 2. COMPARISON OF DENTAL CARIES STATUS AND

NUMBER OF ERUPTED PERMANENT TEETH BETWEEN

CHILDREN WITH AND WITHOUT MOLAR INCISOR
HYPOMINERALIZATION (MIH; n=484)

Dentition* Children  Children  P-value
with MIH  without
(n=95) MIH
(n=389)
Primary dentition
Presence of dental caries N (%) 93 (98) 371 (95) 3
dmft Mean+(SD) 9.4+4.0 8.7+4.4 .18
Permanent dentition
No. of erupted PFMs Mean+SD  3.4£0.9 3.2+1.0 .16
No. of erupted permanent 2.2+1.8 1.9+1.8 .08
incisors Mean+SD
Presence of dental caries N (%) 33 (35) 40 (10) <.001
DMFT Mean+SD 0.6+1.0 0.1+0.5 <.001
DT Mean+(SD) 0.5+0.9 0.1+0.4 <.001
MT Mean+(SD) 0.0+0.0 0.0+£0.0 1.00
FT  Mean(SD) 01504  0.02:0.1 .06

* PFM=permanent first molar; dmft=decayed missing and filled teeth index
in primary dentition; DMFT=decayed missing and filled teeth index in
permanent dentition; DT=decayed permanent teeth; MT=missing permanent
teeth; FT=filled permanent teeth.

dentition and the numbers of erupted permanent teeth
(P>.05). However, the MIH children were more likely to have
dental caries in the permanent dentition (35 percent versus
10 percent; P<.001) and higher DMFT scores (0.6 versus 0.1;
P<.001) versus the children without MIH. MIH was associ-
ated with 4.6 times increased odds of having dental caries in
the permanent dentition (OR equals 4.6, 95 percent CI equals
2.7 10 7.9).

Table 3 shows the association between enamel hypomin-
eralization and dental caries in PFMs among subjects with MIH
(N equals 95) when the individual teeth were considered as
the unit of analysis. Overall, the presence of dental caries was
higher in the MIH teeth (26 percent) than in the non-MIH
teeth (four percent), with an OR of 9.9 (95 percent CI equals
5.7 to 16.9). The risk was higher for upper molars, with an
OR of 18.4 (95 percent CI equals 8.1 to 41.6), while it was
5.1 (95 percent CI equals 2.7 t0 9.5) for lower molars.
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Table 3.

ASSOCIATION BETWEEN ENAMEL HYPOMINERALIZATION

AND DENTAL CARIES IN PERMANENT FIRST MOLARS AMONG

CHILDREN WITH MOLAR INCISOR HYPOMINERALIZATION
(MIH; N=94): TOOTH LEVEL ANALYSIS

first molars erupted could also underestimate the MIH
prevalence. To verify this, we performed the analysis on
a subset of 284 children who had completed eruption
of all PFMs. The MIH prevalence among this subset
(21 percent) was comparable to that among all children

* Generalized estimated equations (GEE) with a logit link.

Discussion

To the best of our knowledge, this was the first published
report of MIH in the southeast Asian population. The subjects
were participants of a birth cohort representing all children
born in the area over a one-year period. With a relatively high
follow-up rate of 74 percent, the study results should, therefore,
be generalizable to the source population. The prevalence of
MIH in this group of Thai children was 20 percent, being the
highest when compared with previous reports in other Asian
populations (three percent in Hong Kong,'' nine percent in
India,'® 18 percent in Jordan,'” and 19 percent in Iraq').

Comparing the results among various studies is difficult
because of the differences in the diagnostic criteria and indices
used, examination methods, and age of the study subjects.”
When considering only studies using the EAPD judgment
criteria that were conducted in a comparable age group (or
age range overlapped), the prevalence of MIH in our study
was higher than that observed in most studies (two percent
to 19 percent).'®'®%2 One exception is a study from Brazil,
which reported the highest prevalence (40 percent) in the
literature thus far.?

We observed no difference in the prevalence of MIH
among boys and girls. This finding was consistent with the
majority of reports in other populations.”!*1>182326 A study
in Kenya,” however, found an unequal distribution of MIH
between different genders, with a female to male ratio of 3:1.

Eight years of age is recommended as ideal for studying
the prevalence of MIH.? Nonetheless, we chose to conduct
this study among six- to seven-year-old children because of
a high caries rate in our population. At three years old, the
prevalence of dental caries in these children was 89 percent,
with a mean dmft of 7.18 (+4.86 SD).?® If the examinations
were to be performed at a later time period, caries develop-
ment over the hypomineralized lesions would likely prevent
us from identifying the actual MIH teeth.

The limitations of studying the six- to seven-year-old age
group were that the PFMs are not all erupted at this age and
we had to exclude 152 children who did not have any first
molars erupted. Including children who did not have all four
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Molars No. of molars Odds ratio* P-value* (20 percent). A study in Lithuania also observed similar
N (%) (95% confidence results, which led the authors to conclude that children
With caries  No caries interval) with less than four erupted PFMs may be included in

future studies of MIH.?
All molars i 7 The present study clearly showed the association be-
;A;SMIH 587((246)) 1133;(?92) 99 (51'70—16'9) <001 tween MIH and dental caries, measured in terms of both
’ ’ the number of caries-affected teeth and caries preval-
Upper molars ence. Our results were consistent with the majority of
MIH 23 (26) 65 (74) 18.4 (8.1-41.6) <.001 previous studies that observed higher DMF scores in
Non-MIH 11(2) 616 (98) 1.0 children with MIH compared to those without MIH.*!"!
IR Tl b Conflicting results were reported in a case control study
MIH 25 (26) 72 (74) 5.1(2.7-9.5) <01 in Sweden'? that compared several oral health indicators
Non-MIH 46 (6) 715 (94) 1.0 among 10- to 12-year-olds who were born preterm and
full-term controls. Although the preterm children had

more enamel defects, no difference in the decayed and
filled teeth index (DFT) was observed between the cases
and the controls.
Only a few studies investigated the association be-
tween MIH and caries prevalence, and the results were
inconsistent. In our study, MIH children had a significantly
higher prevalence of caries than children without MIH, with
an OR of 4.6. These findings agreed with a previous study
from Brazil that reported a positive association between
hypomineralized defect and the prevalence of dental caries
in the permanent teeth (age-adjusted OR equals 2.0; 95 per-
cent CI equals 1.2 to 3.1; P<.001).” By contrast, two other
studies did not find a significant association. An earlier study
from Finland showed a higher prevalence of caries in PFMs
among MIH children (40 percent) versus those without MIH
(32 percent), but the difference was not statistically significant.?

A recent study from Germany also observed no signifi-
cant difference between MIH groups and non-MIH groups
regarding the caries prevalence and numbers of teeth/surfaces
affected by caries.”® The authors discussed that the null asso-
ciation was possibly due to the very low caries risk in the study
population. Another reason could be that atypical restorations
owing to MIH were not counted as caries-associated restora-
tions in this study, and, thus, did not contribute to the F-
component of the DMFT scores. If these restorations were, in
fact, affected by both MIH and caries, the observed association
between MIH and caries could have been underestimated.

We conducted further analyses at the tooth level to eval-
uate the association between enamel hypomineralization and
dental caries in PFMs. MIH molars were approximately 10
times more likely to develop caries compared with non-MIH
molars (OR equals 9.9). A reason for the higher caries risk
observed in the upper MIH molars (OR equals 18.4), com-
pared to the lower counterpart (OR equals 5.1), may be due
to the fact that maxillary permanent molars generally have a
lower caries rate than lower permanent molars.’>?" The di-
fference in the risk between MIH and non-MIH teeth is,
therefore, more prominent in the upper arch, even when the
proportion of MIH teeth with dental caries are similar in
both arches.



Conclusions
Based on this study’s results, the following conclusions can
be made:

1. The prevalence of molar incisor hypomineralization
among children in northeast Thailand was 20 percent.
Further research is needed to evaluate its etiology and
identify effective strategies for the prevention and
management of MIH.

2. MIH is associated with increased risk for dental caries

in the permanent dentition. This emphasizes the need
for early diagnosis of MIH and prompt management
to prevent and to control the subsequent dental caries.
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Molar incisor hypomineralization (MIH) is a qualitative developmental enamel
defect that affects one to four permanent first molars, with or without involvement
of permanent incisors. Its etiology is of systemic origin, but is not well understood.
Therefore, we conducted this cross-sectional study to examine pre-, peri-, and post-
natal risk factors for MIH among children, 7-8 yr of age, in urban areas of Khon
Kaen, Thailand. Molar incisor hypomineralization defects were diagnosed using the
European Academy of Pediatric Dentistry criteria. Mothers or primary caregivers
were interviewed on maternal medical history and habits during pregnancy, preg-
nancy and delivery complications, and the child’s medical history. Molar incisor
hypomineralization defects were observed in 78 (27.7%) of 282 children. Multiple
logistic regression analysis showed a statistically significant association between the
development of MIH and Cesarean section (adjusted OR = 2.0, 95% CI = 1.1-3.7),
complications during vaginal delivery (adjusted OR = 4.5, 95% CI = 1.9-11.0), and
severe/chronic illness when under 3 yr of age (adjusted OR = 2.9, 95% CI = 1.6—
5.0). There was no association of preterm birth and low birth weight with MIH.
The results suggest that Cesarean section, complications during vaginal delivery,
and poor health during the first 3 yr of life are independent risk factors for MIH.
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Molar incisor hypomineralization (MIH) is a qualita-
tive developmental defect of systemic origin, which
manifests as a distinctive hypomineralized lesion of
enamel. The defect primarily involves one to four first
permanent molars and potentially affects permanent
incisors (1). Defects vary in severity. Mild MIH defects
usually appear as asymptomatic white- or cream-col-
ored demarcated opacity. In more severe lesions, load-
bearing enamel often wears off rapidly, resulting in
posteruptive enamel breakdown and rendering the
tooth susceptible to caries (2). Management of MIH
teeth requires regular monitoring and sometimes repeti-
tive restorations are necessary (3). Early diagnosis and
prompt intervention are crucial to prevent subsequent
caries development and tooth loss.

A relatively high prevalence of MIH has recently
been recognized by dental professionals globally (4).
Although the etiology of MIH is not yet well under-
stood, causative factors could be any interruptions dur-
ing amelogenesis as a result of genetic predispositions
and/or environmental influences. Environmental risk
factors include infectious, physical, chemical, nutri-
tional, and behavioral factors that are encountered
from the third trimester of pregnancy to 3 yr of age.
This is a sensitive stage of development during which
the crowns of the 12 index teeth, the first permanent
molars and incisors, undergo mineralization (5). Studies
worldwide have investigated the potential risk factors
for MIH during pre-, peri-, and postnatal stages of

development; however, the results reported are varied
and inconclusive (6—12). This may be because of differ-
ences in MIH diagnostic criteria and the indices, exami-
nation methods, study design, and sample size among
studies. Moreover, most studies did not control for
confounding in the analysis (7, 8, 10, 11, 13).

To date, only a few studies have been conducted on
MIH in Asian populations, particularly regarding inves-
tigation of its risk factors (11, 12). This study aimed to
examine the effects of pre-, peri-, and postnatal risk fac-
tors on the development of MIH among a group of
schoolchildren in urban areas of Khon Kaen, Thailand.

Material and methods

This cross-sectional study involved 420 children who par-
ticipated in a prevalence survey of MIH conducted in
Muang District of Khon Kaen, Thailand, from December
2011 to February 2012 (14). The area has fluoride levels in
the drinking water of below 0.3 p.p.m. (15). Five primary
schools in urban areas of Khon Kaen were selected by
random sampling stratified by school size. All 7- to 8-yr-
old children (n = 862) in these schools were invited to
participate. Exclusion criteria were: having no erupted
permanent first molar at the time of examination; and
undergoing fixed orthodontic treatment with brackets or
bands on permanent first molars. Signed informed consent
was obtained from the parents or the caregivers of the 424
participating children before oral examination, and 420
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were found to be eligible. Of those eligible, 117 had at
least one permanent first molar affected with MIH, corre-
sponding to a prevalence of 27.9%.

Between June and October 2012, we invited the mothers
or primary caregivers of the surveyed children to take part
in the present study. Sixty-seven per cent of those contacted
(n = 282) provided informed consent to participate in a
face-to-face interview at school or in a telephone interview.
Information was recorded on maternal health and habits
during pregnancy, length of pregnancy, and complications
during pregnancy and delivery, as well as the child’s birth
weight and medical history during the first 3 yr of life. The
interviewer (S.L.) was unaware of the MIH status of the
children at the time of the interview. The research protocol
was approved by the Khon Kaen University Ethics
Committee for Human Research (HE552088).

Measurements of MIH

In the original survey, oral examinations were performed
in school. Molar incisor hypomineralization defects were
examined on 12 index teeth in wet conditions by one cali-
brated dentist (S.L.) using the European Academy of Pae-
diatric Dentistry (EAPD) criteria (16). The conditions
recorded were: demarcated opacity, posteruptive enamel
breakdown, atypical restoration, extraction because of
MIH, and unerupted tooth. Demarcated opacities with a
diameter of <1 mm were not included (2). Ten per cent of
the children (n = 43) were re-examined to test examiner
reliability. Kappa statistics showed a high intra-examiner
agreement of 0.99.

Data analysis

Dental characteristics were compared between children
from the previous survey whose parent participated in this
study with those whose parent did not. Differences
between groups were analyzed using the chi-square test for
categorical variables and the Student’s z-test or Mann—
Whitney U-test for continuous variables. A child was con-
sidered as having MIH when at least one permanent first
molar had demarcated enamel lesions (4). Bivariate analy-
ses between the potential risk factors and MIH were per-
formed using the chi-square test or Fisher’s exact test for

categorical variables and the Student’s z-test for continu-
ous variables. Factors associated with MIH were deter-
mined using multiple logistic regression. Variables that
yielded a P-value of <0.25 in bivariate analyses were con-
sidered for inclusion in the multivariable analyses (17).
Odds ratios with 95% CIs were calculated to quantify the
associations. P < 0.05 was considered statistically signifi-
cant. Data were analyzed using spss version 17.0 software
(SPSS, Chicago, IL, USA).

Results

Table 1 compares the dental characteristics of the chil-
dren whose parent/caregiver participated in the present
study with those whose parent/caregiver did not. The
groups were similar regarding the number of permanent
teeth; number of hypermineralized teeth; number of
decayed, missing, and filled teeth (DMFT); numbers
decayed, missing, and filled surfaces (DMEFS); and the
prevalence of dental caries. The prevalence of MIH was
slightly lower among children who participated in the
present study compared with those who did not, but
the difference was not statistically significant.

Of the 282 children who participated in this study, 78
(27.7%) had MIH defects. The mean age + SD of the
children at the time of examination was 8.0 4+ 0.5 yr,
with a similar distribution between male (47.5%) and
female (52.5%) children. The relationship of interviewees
to the children was: mothers (84.4%), fathers (7.8%),
grandparents (4.6%), and other relatives (3.2%). All in-
terviewees were the primary caregiver of the children
during their first 3 yr of life.

Table 2 presents the bivariate analyses of the associa-
tions between the variables of interest and MIH. The
variables which generated a P-value of <0.25 and were
considered for multivariable analyses included: maternal
alcohol consumption during pregnancy (P = 0.03);
maternal illness during the third trimester of pregnancy
(P = 0.19); method of delivery (P = 0.09); complications
during vaginal delivery (P = 0.001); vacuum-assisted
vaginal delivery (P = 0.06); use of labor-induction

Table 1

Attrition analysis by dental characteristics

Children whose parent
participated in the

Children whose parent
did not participate in

Characteristics present study (n = 282) the present study (n = 138) P-value
Number of first permanent molars 3.8 £0.6 39+ 0.6 0.41
Number of hypomineralized first permanent molars 0.6 + 1.1 0.6 + 1.1 0.29
Number of hypomineralized first permanent molars 2.1 £ 1.1 (n=178) 20 £ 1.1 (n = 44) 0.14
among children with MIH
Number of permanent incisors 6.1 £ 2.1 6.1 £ 19 0.49
Number of hypomineralized permanent incisors 0.1 £0.3 0.1 £0.3 0.43
Number of hypomineralized permanent incisors 0.2 + 0.6 (n="178) 0.2 £ 0.5 (n=44) 0.48
among children with MITH
DMFT 1.2+ 14 1.3+1.5 0.78
DMFS 1.6 £2.2 1.8 £ 2.5 0.64
Prevalence of MIH 259 31.9 0.20
Prevalence of dental caries 53.5 52.2 0.79

DMFT, decayed, missing, and filled teeth; DMFS, decayed, missing, and filled surfaces; MIH, molar incisor hypomineralization.

Values are given as mean + SD or %.
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Table 2

Bivariate analyses of the association between pre-, peri-, and postnatal factors and the development of molar incisor
hypomineralization (MIH) among children in urban areas of Khon Kaen, Thailand

Characteristics Yes (n = 78) No (n = 204) Crude prevalence ratio (95% CI) P-value

Prenatal factors

Maternal systemic disease
Yes 11 (33.3) 22 (66.7) 1.2 (0.7-2.1) 0.43
No 67 (26.9) 182 (73.1) 1.0

Maternal smoking during pregnancy
Yes 0 (0) 1 (100.0) Cannot estimate 1.0
No 78 (27.8) 203 (72.2)

Maternal alcohol consumption during pregnancy
Yes 5(62.5) 3 (37.5) 2.3 (1.34.2) 0.03
No 73 (26.6) 201 (73.4) 1.0

Maternal illness during the third trimester of pregnancy
Yes 6 (42.9) 8 (57.1) 1.6 (0.8-3.0) 0.19
No 72 (26.9) 196 (73.1) 1.0

Perinatal factors

Method of delivery
Cesarean section 29 (34.5) 55 (65.5) 1.4 (1.0-2.0) 0.09
Vaginal delivery 49 (24.7) 149 (75.3) 1.0

Complicated vaginal delivery
Yes 13 (50.0) 13 (50.0) 2.4 (1.5-3.9) 0.001
No 36 (20.9) 136 (79.1) 1.0

Labor pain longer than 24 h
Yes 4 (40.0) 6 (60.0) 1.7 (0.8-3.7) 0.25
No 45 (23.9) 143 (76.1) 1.0

Vacuum-assisted vaginal delivery
Yes 5 (50.0) 5 (50.0) 2.1 (1.14.2) 0.06
No 44 (23.4) 144 (76.6) 1.0

Use of labor-induction medication
Yes 4 (66.7) 2 (33.3) 2.8 (1.5-5.3) 0.02
No 45 (23.4) 147 (76.6) 1.0

Preterm delivery
Yes 10 (38.5) 16 (61.5) 1.4 (0.9-2.5) 0.20
No 68 (26.6) 188 (73.4) 1.0

Low birth weight
Yes 12 (41.4) 17 (58.6) 1.6 (1.0-2.7) 0.06
No 60 (25.1) 179 (74.9) 1.0

Postnatal factors (during the first 3 yr of life)

Serious and/or chronic illness
Yes 53 (38.4) 85 (61.6) 2.2 (1.4-3.3) <0.001
No 25(17.4) 119 (82.6) 1.0

Hospital admission
Yes 37 (41.6) 52 (58.4) 2.0 (1.4-2.8) <0.001
No 41 (21.2) 152 (78.8) 1.0

Antibiotic use
Yes 71 (31.4) 155 (68.6) 2.5 (1.2-5.2) 0.01
No 7 (12.5) 49 (87.5) 1.0

Breastfeeding >6 months
Yes 26 (24.8) 79 (75.2) 0.84 (0.56-1.26) 0.40
No 52 (29.4) 125 (70.6) 1.0

Bold values indicate significant association.

medication (P = 0.02); preterm delivery (P = 0.20); low
birth weight (P = 0.06); serious/chronic illness during
the first 3 yr of life (P < 0.001); hospital admission when
under 3 yr of age (P < 0.001); and antibiotic use in the
first 3 yr of life (P = 0.01).

Table 3 describes the type of childhood illnesses dur-
ing the first 3 yr of life in relation to MIH in the bivariate
analyses. Children with any serious or chronic illness
were twice as likely to have MIH (OR = 2.2) compared
with those who did not. Molar incisor hypomineraliza-

tion was observed more frequently in children with
asthma compared with those without (52.9% vs. 26.0%).
A similar result was also found for high fever, although
the finding was only marginally significant (P = 0.08).

In multivariable analysis, a statistically significant
association was found between the development of MIH
and three variables: Cesarean section, complicated vagi-
nal delivery, and severe/chronic illness at under 3 yr of
age (Table 4). There was no association of preterm birth
and low birth weight with MIH. Variables significantly
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Table 3

Bivariate analyses of the associations between childhood illnesses during the first 3 yr of life and the development of molar incisor
hypomineralization (MIH) among children in urban areas of Khon Kaen, Thailand

MIH
Characteristics Yes (n = 78) No (n = 204) Crude prevalence ratio (95% CI) P-value
Any serious and/or chronic illness*
Yes 53 (38.4) 85 (61.6) 2.2 (1.4-3.3) <0.001
No 25(17.4) 119 (82.6) 1.0
High fever
Yes 17 (38.6) 27 (61.4) 1.5 (1.0-2.3) 0.08
No 61 (25.6) 177 (74.4) 1.0
Chickenpox
Yes 12 (35.3) 22 (64.7) 1.3 (0.8-2.2) 0.29
No 66 (26.6) 182 (73.4) 1.0
Measles
Yes 3(37.5) 5(62.5) 1.4 (0.5-3.4) 0.53
No 75 (27.4) 199 (72.6) 1.0
Asthma
Yes 9 (52.9) 8 (47.1) 2.0 (1.2-3.3) 0.02
No 69 (26.0) 196 (74.0) 1.0
Pneumonia
Yes 4 (28.6) 10 (71.4) 1.0 (0.4-2.4) 0.90
No 74 (27.6) 194 (72.4) 1.0
Tonsillitis
Yes 6 (42.9) 8 (57.1) 1.6 (0.8-3.0) 0.19
No 72 (26.9) 196 (73.1) 1.0
Febrile/afebrile seizure
Yes 7 (38.9) 11 (61.1) 1.4 (0.8-2.7) 0.27
No 71 (26.9) 193 (73.1) 1.0

*Includes high fever, chickenpox, measles, asthma, pneumonia, tonsillitis, and seizure.

Table 4

Factors associated with molar incisor hypomineralizsation
(MIH) according to multiple logistic regression

Variable Adjusted OR (95% CI) P-value
Method of delivery
Cesarean section 2.0 (1.1-3.7) 0.02
Vaginal delivery Referent
Complicated vaginal delivery*
Yes 4.5 (1.9-11.0) <0.001
No Referent
Severe/chronic illness at under 3 yr of age
Yes 2.9 (1.6-5.0) <0.001
No Referent

*Included duration of labor pain longer than 24 h, vacuum-
assisted delivery, and use of labor-induction medication.

associated with MIH in the bivariate analysis, but which
became insignificant in the multivariate model, included
maternal alcohol consumption during pregnancy, hospital
admission, and antibiotic use during the first 3 yr of life.

Discussion

To examine the effects of pre-, peri-, and postnatal factors
on the development of MIH, we conducted this study
among 7- to 8-yr-old children who had participated in a
previous survey on the prevalence of MIH in Khon Kaen,
Thailand. The prevalence of MIH in the present study
was 27.7%, which was similar to the prevalence of 27.9%

reported in the original survey. The comparable response
rates between the subjects with (66.7%) and without
(68.0%) MIH suggest that selection bias was unlikely. To
our knowledge, this is the first study to determine the fac-
tors associated with MIH in a southeast Asian popula-
tion. The results indicate that method of delivery,
complicated delivery, and childhood illnesses may affect
the occurrence of MIH in this group of Thai children.

The environmental etiology of MIH can be grouped
into pre-, peri-, and postnatal factors (18); however, only
peri- and postnatal factors were significantly associated
with MIH in the present study. The developmental stage
at which these peri- and postnatal factors occurred coin-
cides with the maturation phase of amelogenesis, which
takes place around, or soon after, birth (19, 20) until
3 yr of age (20). Conditions affecting amelogenesis, such
as hypocalcemia, hypoxia, and acidosis, may stimulate
the biological mechanisms involved in the development
of MIH (18, 21). Experiments in rats demonstrated that
diet-induced chronic hypocalcemia may interfere with
both cellular and extracellular events during enamel mat-
uration, resulting in enamel hypomineralization (22). A
reduced pH during enamel maturation may lead to a lack
of calcium influx and hypomineralization of enamel in
mice (23).

The strongest risk factor for MIH in this study was
complicated vaginal delivery (which consisted of duration
of labor pain longer than 24 h, vacuum-assisted delivery,
and the use of labor-induction medication). Mothers
with complicated delivery were 4.5 times more likely to
have children with MIH (adjusted OR = 4.5) than were



those with normal delivery. Prolonged labor, lengthened
use of oxytocin to induce labor, and use of vacuum
extraction may all cause hyperbilirubinemia and hypoxia
(24-26). These factors are known to be associated with
developmental defects of enamel.

Cesarean section is a commonly performed operation
that is globally increasing in incidence. In Thailand, the
Cesarean section rate has shown a marked increase,
from 17.4% in 2001 (27) to 34.8% in 2009 (28). The
Cesarean section rate in this study was 29.8%, which
was comparable with that of an earlier report (28). Our
results revealed that Cesarean section was associated
with a twofold increase in risk for MIH (adjusted
OR = 2.0). This finding is consistent with the results of
studies carried out in Greece (7) and Iran (11), which
observed a significantly higher proportion of Cesarean
sections in children with MIH compared with those
without MIH (7). In contrast, a significant association
between Cesarean section and MIH could not be estab-
lished in two other studies from Sweden (10, 13).

Adverse health outcomes after Cesarean section are
well documented for women and their infants. These
include operative complications, severe maternal mor-
bidity, and infant respiratory problems (29, 30). Nausea
and vomiting during regional anesthesia for Cesarean
section are common and can cause fetal hypoxia and aci-
dosis (31). Another possible explanation for the positive
association between Cesarean section and MIH could be
attributed to the baseline maternal medical conditions
that caused the procedure to be undertaken. Our ques-
tionnaire did not distinguish between elective and medi-
cally indicated Cesarean deliveries and therefore could
not separate the effect of baseline maternal morbidity
from the morbidity caused by Cesarean section. None-
theless, the high Cesarean delivery rate in this study sug-
gests that a good proportion of Cesarean sections were
probably performed without medical indication.

Common childhood illnesses have been related to the
occurrence of MIH. These include ear infection (12),
chickenpox (8), tonsillitis (12), repeated episodes of high
fever (7), and various respiratory diseases such as
asthma, pneumonia, and upper respiratory tract infec-
tion (7, 13, 21, 32). Use of antibiotics, especially amoxi-
cillin and erythromycin, has also been implicated as a
cause of MIH (33). In our bivariate analyses, the postna-
tal factors found to be associated with MIH consisted of
serious/chronic childhood illness, hospital admission,
and antibiotic use in the first 3 yr of life. These factors
are highly correlated and thus only the strongest factor —
serious/chronic illness — remained significant in the mul-
tivariate analysis. As with other studies, we were unable
to determine whether MIH was a consequence of the ill-
ness itself, or a result of treatment with antibiotics (18).

Not all studies reported significant associations between
medical conditions in early life and MIH. A large prospec-
tive study in Sweden (9) found no associations of common
childhood illnesses, medication use, and vaccination in the
first 3 yr of life with severely demarcated enamel opacities.
Significant risk factors in the Swedish report included
breastfeeding for longer than 6 months and other nutri-
tional factors. Our study did not find a significant effect of
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prolonged breastfeeding and was not designed to investi-
gate nutritional factors in relation to MIH.

Preterm birth and low birth weight have been associ-
ated with hypomineralized enamel defects in the perma-
nent dentition (7, 10, 34-36). Nonetheless, neither factor
was associated with MIH in our study. Maternal alcohol
consumption during pregnancy was significantly associ-
ated with MIH in the bivariate analysis. However, the
association became insignificant in the multivariate
model. This may be a result of a lack of study power
because only eight mothers reported drinking alcohol in
this study. On the other hand, the observed association
in the bivariate analysis could also occur by chance.

Presently, it is not known whether genetic factors play
a role in the development of MIH (2). Our study included
a pair of twins, both of which had MIH defects with simi-
lar severity in all four permanent first molars. This could
raise suspicion regarding a possible genetic influence on
MIH, although our study was not designed to examine
genetic factors. Further studies are therefore recom-
mended to evaluate the effects of genetic factors on MIH.

The study findings should be interpreted in light of cer-
tain limitations. Data on early life exposures were col-
lected based on parental recall, about 6 months after the
dental examinations when the children were 7-8 yr of
age. These data were therefore vulnerable to information
bias. Accuracy of data was further affected by the fact
that 16% of the responders were not mothers, although
all responders were the primary caregiver during the
child’s first 3 yr of life. We attempted to minimize bias
using several methods. First, the responders were encour-
aged to provide information, such as birth weight, from
the birth certificate or infant medical report card. Sec-
ond, the interviewer was blinded to the MIH status of
the children to prevent interviewer bias. Third, the exam-
iner was unaware of the medical history of the children
at the time of the dental examination. Fourth, recall bias
could occur if the caregivers recalled the early life expo-
sures differentially. However, because our responders
were unaware of the study hypothesis and specific factors
being studied, inaccurate exposure information would
result in a random misclassification. This would lead to
attenuation of the association between the risk factors
and MIH, but not cause spurious results. A limitation of
cross-sectional study is that causality cannot be estab-
lished. However, because the variables investigated
occurred in a time period spanning the third trimester of
pregnancy and the first 3 yr of life, ordering these factors
relative to the development of MIH can therefore be
assumed. Nonetheless, prospective investigation is
needed for better assessment of the risk factors which, in
turn, could provide better estimates of the associations.

In conclusion, our data suggest that Cesarean section,
complicated vaginal delivery, and poor health during the
first 3 yr of life are independent risk factors for MIH.
These findings may serve as fundamental data for investi-
gating the mechanism underlying the formation of MIH.
Dental professionals should examine medical informa-
tion carefully to help identify children who might be at
risk. The first permanent molars of children with these
risk factors should be monitored closely, soon after
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eruption, to prevent early loss of tooth structure and
subsequent dental caries.
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