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Abstract
Aim: Molar incisor hypomineralization (MIH) is a prevalent oral health condition whose knowledge by dentists is key
to the best clinical outcome. This study aimed to evaluate the knowledge, perceptions and clinical experiences of MIH
among Portuguese dentists.
Methods: A cross-sectional structured questionnaire was distributed nationally through a web-based survey
platform. Data concerning demographic variables, years of experience, dental specialty, MIH prevalence, diagnosis,
severity, training demands and clinical management of MIH were collected. We calculated a knowledge score (KS),
and compared data between Pediatric Dentists (PDs), General Dental Practitioners (GDPs) and other dental specialties
(ODS).
Results: Overall, 2.2% of Portuguese dentists (n = 257) answered the questionnaire. Most participants reported
having identified MIH in their practice (82.5%), with PD reporting the prevalence appeared to have increased, and
practically all (91.7%) considered it a public health problem. Resin composite was often the used material to restore
MIH teeth (56.0%), however PDs indicated glass ionomer cements as the preferred and preformed crowns a better
option. The average KS on MIH was 41.3 (± 5.7), with GDPs having a similar score than PDs. Most respondents (94.9%)
reported a lack of information about MIH and were willing to receive appropriate clinical training.
Conclusions: The average knowledge on MIH was considered low among Portuguese dentists. Respondents
perceived an increased incidence of MIH, despite the lack of prevalence data in Portugal. The material of choice was
Glass Ionomer and performed crowns, by PDs, while GDPs and ODS reported poor confidence to manage MIH. These
results may serve future programs to increase knowledge, perceptions and clinical experiences towards MIH.
Keywords: Molar incisor hypomineralization, Perception, Clinical experiences, Developmental defects, Dentists, Oral
health
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Introduction
The report of opacities in the first permanent molars,
since the late 1970s, has been observed and analyzed,
yet only in 2001, the European Academy of Paediatric
Dentistry (EAPD) firstly proposed the term “molar incisor hypomineralization” (MIH) [1, 2]. Thenceforward,
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several lines of evidence focused on MIH diagnosis, prevention and clinical management [3].
Presently, MIH is an increasingly common dental
defect in clinical practice. Globally, its estimated worldwide prevalence is 13.5%, with affected incisors in 36.6%
of the cases [4], and about 27.4% of cases require therapeutic interventions [5]. Clinically, MIH is characterized by the translucency of enamel with a white, yellow
to brownish coloration depending on severity [3, 6–9].
As a consequence, hypomineralized enamel leads to
post-eruptive breakdown and hypersensitivity, and it is
prone to the development of carious lesions and pain [3,
6, 8–10].
As a condition defined in the beginning of the century, the perception and education of clinicians regarding MIH has been a research topic of interest [11–18].
Several studies assessed the knowledge, perceptions, and
clinical experiences towards multiple countries [11–18].
In the main, these reports frequently show a need for
continuing education and dissemination of the latest
best evidence on MIH. In Portugal, such research has
never been conducted, and ascertaining such indicators
becomes relevant in what public health and education
concern. Herein, we conducted a questionnaire-based
survey to assess and compare the knowledge, perception,
and clinical experience towards MIH between the pediatric dentists (PDs), general dental practitioners (GDPs)
and other dental specialties (ODSs) in Portugal.

Material and methods
Setting and participants

The study population was dentists registered in the Portuguese Dental Association (PDA). A structured questionnaire was distributed nationally via Google Forms, a
web-based survey platform, between May and June 2021.
The questionnaire was also made available in social networks (such as Facebook and Instagram) to increase the
number of participants. The following inclusion criteria
were set in this study: (1) registered in the Portuguese
Dental Association, (2) practicing dental medicine, (3)
willing to participate and complete the survey. Participants were asked to complete the online questionnaire on
their own time.
Questionnaire

The questionnaire from Gambetta-Tessini et al. [12]
modified by Gamboa et al. [18] was used to assess the
knowledge, perceptions and clinical experiences towards
MIH among dental practitioners in Portugal. The questionnaire consisted of three main sections according with
Gamboa et al. [18].
In the first section, the participants reported sociodemographic information including sex, age, years of dental
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practice (< 5; 5 to 10, 11 to 20 or more than 21 years of
dental practice) and qualifications (Doctor of Dental
Surgery [DDS], Master of Science [MSc], Doctor of Philosophy [PhD], Post-graduate degree, Specialty). Specific
modifications to the Portugal panorama were included
for additional qualifications and training (Table 1).
Within qualifications, participants were classified as
GDPs, PDs or other dental specialties (ODS).
In the second section, participants were asked about
their knowledge of possible aetiological factors, period
of occurrence and the caries pattern seen in MIH. The
knowledge was assessed through the KS proposed by
Gambetta-Tessini et al. [12], that is fully described in the
Statistics section.
Lastly, the third section accounted for participants’
perceptions, clinical experience and practitioners’ confidence in diagnosing and treating MIH, along with preferences in regards to continuing education and views
on the necessity for clinical training regarding MIH. The
treatment options were: microabrasion; infiltrating resin;
glass ionomer; composite; amalgam; preformed crowns;
and, extraction. As there is no MIH prevalence reference score for Portugal, we used a reference value from
Schwendicke et al. 2018 [5]. The response distribution
among the different answers provided information to
assess the participants’ perception and clinical experience components.
The questionnaire was pilot-tested among 15 volunteer
dentists at a 1:1:1 ratio for PD:GDP:ODSs (five each), 9
women and 6 men (27–49 years old), with a diversity of
background and with < 5 years up to 20 years of experience, to ensure its applicability. We then made some
revisions to the original questionnaire according to the
instructions and opinions provided by the pilot tested
volunteers (minor Portuguese language changes), and
the final translated Portuguese version was applied via
Google Forms, as previously reported.
Statistics

Data was automatically entered into an Excel spreadsheet
by Google Forms. Data was analysed using R software.
Descriptive statistics (frequencies, percentage, mean)
were determined. After confirming the non-existence of
data normality and homoscedasticity through the Shapiro–Wilk test, three groups (GDPs, PDs and ODSs)
were compared based on their socio-demographic backgrounds, specialties, and practice profiles. Continuous
variables were compared using Kruskal–Wallis test, while
for categorical variables we employed chi-square tests.
A KS was computed based on the answers in the
knowledge section of the questionnaire. The scoring
method was adapted from the original questionnaire
[12] (detailed in Additional file 1: Annex S1). Following
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Table 1 Demographic characteristics of the study participants
Characteristics

Total
N = 257
n (%)

GDPs
N = 130
n (%)

PD
N = 24
n (%)

ODS
N = 103
n (%)

p-value

174 (67.7)

98 (75.4)

83 (32.3)

32 (24.6)

24 (100.0)

52 (50.5)

< 0.001

0 (0.0)

51 (49.5)

Sex
Female
Male
Age group
≤ 30

101 (39.3)

71 (54.6)

6 (25.0)

24 (23.3)

31–40

69 (26.8)

19 (14.6)

10 (41.7)

40 (38.8)

41–50

75 (29.2)

36 (27.7)

6 (25.0)

33 (32.0)

≥ 51

12 (4.7)

4 (3.1)

2 (8.3)

6 (5.8)

< 0.001

Years of practice
<5

70 (27.2)

56 (43.1)

2 (8.3)

12 (11.7)

5–10

70 (27.2)

30 (23.1)

8 (33.3)

32 (31.1)

11–20

90 (35.0)

35 (26.9)

10 (41.7)

45 (43.7)

> 21

27 (10.5)

9 (6.9)

4 (16.7)

14 (13.6)

< 0.001

Degree level
DDS/MSc/PHD

112 (43.6)

64 (24.9)

6 (2.3)

42 (16.3)

Post-graduation + MSc/PhD

122 (47.5)

63 (24.5)

8 (3.1)

51 (19.8)

32 (12.5)

3 (1.2)

14 (5.4)

15 (5.8)

Specialty + MSc/PhD

< 0.001

DDS Doctor of Dental Surgery, GDP General Dental Practitioner, MSc Master of Science, PD Pediatric Dentist, PhD Doctor of Philosophy, ODS Other Dental Specialties
Statistically significant (p < 0.05), Pearson’s chi-square (χ2) test

the proposed classification scheme, all ten-answer scores
resulted in a single continuous variable assigned as the
KS for the participant (ranging from a minimum score of
20 to a maximum score of 60). The level of significance
was set at 5% for all inferential analyses.

Results
Characteristics of the participants

Among 11,640 dentists registered in the PDA, 257
answered the questionnaire (2.21%). Of the total number of participants, 50.5% were GDPs, 9.3% were PDs and
40.0% belonged to ODSs (Table 1). About 39.3% were
30 years or lower, and 35.0% (n = 90) had practiced for 11
to 20 years (Table 1).
Knowledge of MIH

Concerning the prevalence of MIH in Portugal perceived
by the Portuguese dentists, 32,7% of these consider that
the prevalence is between 5 and 10%.
The total KS was 41.2 (± 5.7), without significant differences between PDs (41.5 ± 5.7), GDPs (41.9 ± 6.5) or
ODSs (40.5 ± 3.6) (p = 0.214). These results confirmed
that PDs did not present superior knowledge regarding
MIH, as it should be expected (Table 2).
Perceptions, clinical experience, and continuing education

Regarding the cases found in clinical practice, all PDs
reported to have cases of MIH. Concerning which type

of dental development defect they discovered most frequently in their clinical practice, the GDPs were faced
with Yellow/brown opacities (34.6%) and, in turn PDs
with Yellow/brown opacities (20.8%), post-eruptive fractures and Yellow/brown opacities (20.8%) and White
opacities and Yellow/brown opacities (29.2%) (p < 0.001).
Towards other permanent teeth with MIH, 72% of all
participants state that they did not find these defects in
other permanent teeth, being 87,5% PDs (p = 0438). Yet,
83,3% of PDs diagnosed these defects in primary second
molars (p < 0.001).
Most PDs (95.8%) perceived that the incidence of MIH
has been increasing in Portugal, although 49% of all participants do not agree with this idea. Concerning the
type of defect, and excluding PDs, 82.9% of participants
considered referring to a PD for a differentiated treatment option. Towards preventive treatment, 62,3% of all
respondents considered Fluor varnish, being that 66,7%
PDs (p < 0.001). Regarding the MIH treatment, composite restoration is the most used option by 56% of all the
participants. In turn, PDs preferred Glass Ionomer as
well as preformed crowns (75%, 70,8% respectively), and
note that none of all respondents have chosen the use of
amalgam (p < 0.001). In the treatment of MIH, 52.5% of
all participants feel little confidence, being 53.1% GDPs
and 61.2% ODSs. Nevertheless, 58.3% of PDs feel trusting. Most dentists questioned (94.9%), reported that
they do not receive information about MIH, with 70.8%
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Table 2 Percentage distribution of knowledge scores of GDPs, pediatric dentists and other dental specialists for each question
regarding MIH knowledge
Questions

Total
N = 257
N (%)

GDPs
N = 130
N (%)

PDs
N = 24
N (%)

ODSs
N = 103
N (%)

p-value

It is known that MIH is a developmental defect that differs from amelogenesis and hypoplasia?
Yes

234 (91.1)

119 (91.5)

24 (100.0)

91 (88.3)

No

23 (8.9)

11 (8.5)

0 (0.0)

12 (11.7)

0.190*

What is the prevalence of MIH in Portugal?
< 5%

38 (14.8)

18 (13.8)

1 (4.2)

19 (18.4)

5–10%

84 (32.7)

38 (29.2)

6 (25.0)

40 (38.8)

10–20%

44 (17.1)

25 (19.2)

6 (25.0)

13 (12.6)

> 20%

38 (14.8)

18 (13.8)

1 (4.2)

19 (18.4)

Not sure

61 (23.7)

31 (23.8)

6 (25.0)

24 (23.3)

0.163*

Which of the following might be the etiology of MIH:
Genetic factors
Environmental factors

143 (55.6)

81 (62.3)

7 (29.2)

55 (53.4)

89 (34.6)

44 (33.8)

8 (33.3)

37 (35.9)

Acute medical conditions affecting the hand or child

93 (36.2)

55 (42.3)

7 (29.2)

31 (30.1)

Chronic medical condition affecting mother and child

79 (30.7)

39 (30.0)

6 (25.0)

34 (33.0)

Antibiotics or medications

94 (36.6)

50 (38.5)

5 (20.8)

39 (37.9)

Exposure to fluoride

29 (11.3)

18 (13.8)

0 (0.0)

11 (10.7)

133 (51.8)

72 (55.4)

18 (75.0)

43 (41.7)

Unknown etiology

0.1875*

What is the period/duration that this occurrence can happen?
During the pregnancy

46 (17.9)

25 (19.2)

3 (12.5)

18 (17.5)

First year of life

26 (10.1)

16 (12.3)

0 (0.0)

10 (9.7)

Third year of life

12 (4.7)

8 (6.2)

0 (0.0)

4 (3.9)

Pregnancy up to the first year of life

71 (27.6)

34 (26.2)

9 (37.5)

28 (27.2)

Pregnancy up to the third year of life

102 (39.7)

47 (36.2)

12 (50.0)

43 (41.7)

0.476*

In your opinion, do you think the pattern of caries related to MIH is different from the classic caries pattern?
Yes

228 (88.7)

117 (90.0)

23 (95.8)

88 (85.4)

No

10 (3.9)

3 (2.3)

1 (4.2)

6 (5.8)

Not sure
Knowledge score, mean (SD) [min–max]

19 (7.4)
41.3 (5.7) [21–60]

10 (7.7)
41.9 (6.0) [21–60]

0 (0.0)
41.5 (5.7) [35–46]

0.385*

9 (8.7)
40.5 (3.6) [25–52]

0.214**

GDPs General Dental Practitioners, PDs Pediatric Dentists, ODSs Other Dental Specialties
*Statistically significant (p < 0.05), Pearson’s chi-square (χ2) test
**Statistically significant (p < 0.05), Kruskal–Wallis test

being PDs (p < 0.001). Nevertheless, GDPs were willing to
receive more information regarding MIH diagnosis, etiology, and treatment, while only 6.2% of the questioned
participants, and 8.3% being PDs, reported that receiving
such information was not relevant (p < 0.048) (Table 3).

Discussion
This is the first survey exploring the knowledge, perception and clinical experience on MIH among Portuguese
dentists. Overall, the knowledge on MIH was considered
low (average of 41.3 on a scale of 20 to 60), while perception and clinical experience were different between
PDs and non-PDs practitioners (GDPs and ODSs). In
general, around 75% of the respondents view MIH as a

public health problem, only PDs reported to be confident
diagnosing and managing MIH cases. In addition, most
respondents (overall 94.9%, PDs 70.8%) did not received
information about MIH and the majority would be interested in receiving more information on diagnosis, etiology and treatment, showing the need to implement
continuing education in the diagnosis and treatment of
MIH.
Overall, the average KS from the present study was
lower than other counterparts from Australia [12], Chile
[12] and Hong Kong [18]. This score proposed by Gambetta-Tessini [12] allows the comparison of knowledge
among different groups (either geographic location or
dental specialties) as well monitoring its evolution along
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Table 3 Perceptions, clinical experience, and continuing education aspects of GDPs, Pediatric Dentists and Other Dental Specialists
regarding MIH
Questions

Total
N = 257
N (%)

GDPs
N = 130
N (%)

Yes

212 (82.5)

104 (80.0)

No

45 (17.5)

26 (20.0)

PDs
N = 24
N (%)

ODSs
N = 103
N (%)

p-value

0.0574

In your clinical practice, do you find cases of MIH?
24 (100)

84 (81.6)

0 (0.0)

19 (18.4)

What is the most common type of dental development defect that you find in your clinical practice?
White opacities

50 (19.5)

30 (23.1)

2 (8.3)

18 (17.5)

Yellow/brown opacities

82 (31.9)

45 (34.6)

5 (20.8)

32 (31.1)

Post-eruptive fractures
None

4 (1.6)

1 (0.8)

2 (8.3)

1 (1.0)

18 (7.0)

9 (6.9)

0 (0.0)

9 (8.7)

Post-eruptive fractures and Yellow/brown opacities

13 (5.1)

1 (0.8)

5 (20.8)

7 (6.8)

White opacities and Yellow/brown opacities

78 (30.4)

40 (30.8)

7 (29.2)

31 (30.1)

White opacities. Yellow/brown opacities and Post-eruptive fractures

12 (4.7)

4 (3.1)

3 (12.5)

5 (4.9)

7 (2.7)

3 (2.3)

1 (4.2)

3 (2.9)

45 (17.5)

31 (23.8)

2 (8.3)

12 (11.7)

< 0.001

What other permanent teeth have you found MIH defects in?
Premolars
Second permanent molars
Canines

5 (1.9)

2 (1.5)

0 (0.0)

3 (2.9)

Canines and Premolars

1 (0.4)

0 (0.0)

0 (0.0)

1 (1.0)

Premolars and Second permanent molars

9 (3.5)

5 (3.8)

0 (0.0)

4 (3.9)

Canines and Second permanent molars

5 (1.9)

3 (2.3)

0 (0.0)

2 (1.9)

185 (72.0)

86 (66.2)

21 (87.5)

78 (75.7)

None

0.438

Do you notice these defects in deciduous second molars?
Yes

95 (37.0)

42 (32.3)

20 (83.3)

33 (32.0)

No

162 (63.0)

88 (67.7)

4 (16.7)

70 (68.0)

< 0.001

Do you have any idea if the incidence of MIH has been increasing?
Yes

131 (51.0)

63 (48.5)

23 (95.8)

45 (43.7)

No

126 (49.0)

67 (51.5)

1 (4.2)

58 (56.3)

< 0.001

In case you identify a defect of this type (MIH), would you refer it to a pediatric dentist for differentiated treatment?
Yes. or when possible
No

213 (82.9)

98 (75.4)

–

94 (91.3)

44 (17.1)

32 (24.6)

–

9 (8.7)

< 0.001

In your opinion, does MIH represent a public health problem similar to tooth decay?
Yes

195 (75.9)

95 (73.1)

22 (91.7)

78 (75.7)

No

62 (24.1)

35 (26.9)

2 (8.3)

25 (24.3)

160 (62.3)

93 (71.5)

16 (66.7)

51 (49.5)

13 (5.1)

4 (3.1)

1 (4.2)

8 (7.8)

0.148

What type of preventive treatment do you usually apply for these teeth?
Fluor varnish
Diamino-fluoride of silver
CCP-ACP or cracked amorphous casein phosphate

44 (17.1)

10 (7.7)

15 (62.5)

19 (18.4)

100 (38.9)

58 (44.6)

3 (12.5)

39 (37.9)

66 (25.7)

31 (23.8)

5 (20.8)

30 (29.1)

Microabrasion

47 (18.3)

24 (18.5)

6 (25.0)

17 (16.5)

Infiltrating resin

86 (33.5)

51 (39.2)

5 (20.8)

30 (29.1)

Crack Sealant
Others

< 0.001

What type of treatment do you usually apply for MIH?

Glass ionomer
Composite
Amalgam
Preformed crowns
Extraction

97 (37.7)

48 (36.9)

18 (75.0)

31 (30.1)

144 (56.0)

71 (54.6)

14 (58.3)

59 (57.3)

3 (1.2)

0 (0.0)

0 (0.0)

3 (2.9)

73 (28.4)

27 (20.8)

17 (70.8)

29 (28.2)

6 (2.3)

1 (0.8)

3 (12.5)

2 (1.9)

< 0.001

Delgado et al. BMC Oral Health

(2022) 22:250

Page 6 of 8

Table 3 (continued)
Questions

Total
N = 257
N (%)

GDPs
N = 130
N (%)

PDs
N = 24
N (%)

ODSs
N = 103
N (%)

p-value

In your opinion, do you feel confident in diagnosing MIH?
Very confident
Trusting

20 (7.8)

5 (3.8)

10 (41.7)

5 (4.9)

129 (50.2)

66 (50.8)

13 (54.2)

50 (48.5)

Little confident

90 (35.0)

47 (36.2)

1 (4.2)

42 (40.8)

Not at all confident

18 (7.0)

12 (9.2)

0 (0.0)

6 (5.8)

< 0.001

In your opinion, do you feel confident in managing your MIH treatment?
Very confident

14 (5.4)

2 (1.5)

7 (29.2)

5 (4.9)

Trusting

76 (29.6)

39 (30.0)

14 (58.3)

23 (22.3)

Little confident
Not at all confident

135 (52.5)

69 (53.1)

3 (12.5)

63 (61.2)

32 (12.5)

20 (15.4)

0 (0.0)

12 (11.7)

< 0.001

Do you receive any information about MIH?
Yes

13 (5.1)

3 (2.3)

7 (29.2)

3 (2.9)

No

244 (94.9)

127 (97.7)

17 (70.8)

100 (97.1)

Diagnosis

178 (69.3)

95 (73.1)

15 (62.5)

68 (66.0)

Etiology

171 (66.5)

84 (64.6)

16 (66.7)

71 (68.9)

Treatment

228 (88.7)

123 (94.6)

16 (6.2)

2 (1.5)

< 0.001

Would you like to know more about Hypomineralization?

No

21 (87.5)

84 (81.6)

2 (8.3)

12 (11.7)

0.048

GDPs General Dental Practitioners, MIH molar incisor hypomineralization, PDs Pediatric Dentists, ODSs Other Dental Specialties
Statistically significant (p < 0.05), Pearson’s chi-square (χ2) test

with education measures (such as, continuing education programs or improvements to curricular contents
of Pediatric Dentistry regarding MIH). These results may
pave the way for the need to critically appraise both the
curricular content among Portuguese dental schools (in
undergraduate and specialty graduate programs) and cutting-edge unique courses to meet needs throughout the
career.
Similarly to the reports from Australia, Chile and Hong
Kong [12, 18], all PDs reported to have found MIH cases
in clinical practice. Furthermore, although PDs did report
being aware of all phenotypes of MIH (in molars, incisors
or premolars), they were not aware of canine-affected
MIH cases [19]. Likewise, when asked if MIH was found
in primary second molars, highly reported in literature
[9, 20], the majority of GDPs and ODSs reported to have
not observed such cases, as well as a remarkable 16.7% of
PDs.
Considering the latest estimated MIH global prevalence of 13.5% [4], the cross-country variety may range
from 2.8 to 40.2% [21]. The prevalence of MIH in Portugal has never been estimated, therefore we used the
worldwide estimated result of 13.5%, yet 32.7% of the
participants believe that this may range between 5 and
10%. From the PDs view, the prevalence of MIH has been
increasing, in line with the views from Spanish counterparts [11].

In what the etiology of MIH concerns, the majority of PDs (75%) report to be unknown, contrasting, for
example, with New Zealand counterparts that attribute
the etiology to medical conditions because of their great
experience on MIH cases in populations with compromised health [13]. In addition, surveys from Hong Kong,
Iraq, Australia and Chile report that chronic and acute
conditions that affect the mother and child are the most
relevant etiological factors of MIH [12, 16, 18]. Considering that the etiology of MIH is still unknown, possibly
multifactorial, and far from fully understood, these variations are understandable and warrant a particular focus
on future research.
Most GDPs reported yellow or brown opacities as the
major manifestations of MIH defects mostly found in
their clinical practice, similarly to reports from Australia, Spain and Hong Kong [11, 13, 18]. PDs simultaneously reported white, yellow and brown opacities and
post-eruptive fractures as the most common findings,
showing a relatively higher awareness of the diversity of
MIH phenotypes [11, 18]. GDPs showed a lack of recognition ability towards MIH diagnosis, particularly
regarding opacities or post-eruptive fractures. Despite
this, both PDs and GDPs attested knowing that MIH
and other dental developmental defects differ, namely
amelogenesis and hypoplasia. Surveys carried out in
the United Kingdom, Spain and Malaysia, showed

Delgado et al. BMC Oral Health

(2022) 22:250

difficulties from dentists in distinguishing MIH from
other enamel defects [11, 15, 17].
In what treatment of MIH concerns, PDs reported
glass ionomer (75.0%), preformed crown (70.8%) and
composite resins (58.3%) as the preferred treatment
options. These results contrasted with the reports
from GDPs and ODSs, that reported to prefer composite resins (54.6% for GDPS and 57.3% for ODSs), infiltrating resins (39.2% for GDPs and 29.1% for ODSs),
and glass ionomer (36.9% for GDPS and 30.1% for
ODSs). The variety of materials used in the treatment
of teeth affected by MIH possibly denotes the lack of
evidence-based guidelines, excluding composite resins
that are recommended in moderate MIH lesions [11,
19]. Therefore, further research on the physical properties and clinical performance of restorative materials is recommended to fill this gap of knowledge [13].
The persistence of absent clinical decision-trees and
best evidence consensus regarding restorative materials will contribute to enduring difficulties in the clinical
management of MIH teeth. Although there are general
indications on which professionals can rely, perhaps the
lack of dissemination and information is reflected in
the use of different materials for the treatment of teeth
with MIH, which was observed in this study. Comparing these results with other countries, Australian and
Chilean dentists reported glass ionomer as the treatment of choice [12, 19], in Spain the resin-modified
glass ionomer cement and composite resins were preferred [11]. Particularly in post-eruptive fractures,
surveys from Hong Kong and New Zealand reported
preformed crowns as the treatment of choice [13, 18].
According to Elhennawy and Schwendicke, glass ionomer and amalgam restorations have a higher failure
rate, opposite to the higher successful rates of composite restorations and preformed crowns [22].
About the received information on MIH, the results
point to a gap in the training of medical dentists. Similarly to Portugal, dentists from Malaysia and Hong Kong
also reported that they did not receive information about
MIH [17, 18]. Spanish and Hong Kong GDPs received
less training than PDs. However, Australian and Chilean reported to have received more information about
MIH, which was conveyed to have increased their awareness and knowledge [11–13, 18]. Access to information
is essential to enhance an early diagnosis of MIH and
adequate patient monitoring. This not only allows for
the application of preventive measures to minimize posteruptive sensitivity and fractures, but also allows a strict
control of the affected teeth [18]. Therefore, the availability of information on MIH is key to a future coordinated
public health response with a multidisciplinary engagement from all specialties in Dentistry.
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As such, these results may be the first line of evidence
on the level of PDs, GDPs and other specialists regarding this condition, and what gaps of knowledge and
opportunities are needed to be filled in the upcoming
years in Portugal. Nevertheless, this study presented a
low response rate, which may limit the generalizability
to the whole country.

Conclusions
The knowledge on MIH was overall low and PDs
reported higher self-confidence on its clinical management. The perception and clinical experience towards
MIH seems adequate, however participants selfreported the need for more professional continuing
education.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12903-022-02284-1.
Additional file 1: MIH knowledge scoring according to Gambetta-Tessini
et al. (2016).
Acknowledgements
Nothing to declare.
Author contributions
“Conceptualization, RMD and LBL; methodology, JB and VM; validation, LBL, JB
and VM; formal analysis, JJM; investigation, RMD and LBL; resources, RMD and
LBL; data curation, JB and VM; writing—original draft preparation, RMD; writing—review and editing, LBL, JB and VM; supervision, LBL; funding acquisition,
RMD and LBL. All authors have read and agreed to the published version of
the manuscript”. All authors read and approved the final manuscript.
Funding
This work is financed by national funds through the FCT—Foundation for Science and Technology, I.P., under the Project UIDB/04585/2020.
Availability of data and materials
The data are placed on the Zenodo.org platform with https://doi.org/10.5281/
Zenodo.5815404, with open access.

Declarations
Ethical approval and consent to participate.
All experimental protocols were approved by the Egas Moniz Ethics Committee (IRB Reference ID number 927). The research was conducted according
with the Declaration of Helsinki. Informed consent was obtained from all
subjects for study participation.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Clinical Research Unit, Centro de Investigação Interdisciplinar Egas Moniz,
Egas Moniz – Cooperativa de Ensino Superior, CRL, 2829‑511 Almada, Portugal.
2
Evidence‑Based Hub, Centro de Investigação Interdisciplinar Egas Moniz,
Egas Moniz – Cooperativa de Ensino Superior, CRL, 2829‑511 Almada, Portugal.

Delgado et al. BMC Oral Health

(2022) 22:250

Page 8 of 8

Received: 22 December 2021 Accepted: 15 June 2022
18.

References
1. Weerheijm KL, Jälevik B, Alaluusua S. Molar-incisor hypomineralisation.
Caries Res. 2001;35:390–1. https://doi.org/10.1159/000047479.
2. Weerheijm KL. Molar incisor hypomineralisation (MIH). Eur J Paediatr
Dent. 2003;4:114–20.
3. Bandeira Lopes L, Machado V, Botelho J, Haubek D. Molar-incisor
hypomineralization: an umbrella review. Acta Odontol Scand.
2021;79:359–69. https://doi.org/10.1080/00016357.2020.1863461.
4. Lopes LB, Machado V, Mascarenhas P, Mendes JJ, Botelho J. The
Prevalence of molar-incisor hypomineralization: a systematic review
and meta-analysis. Sci Rep. 2021;11:22405. https://doi.org/10.1038/
s41598-021-01541-7.
5. Schwendicke F, Elhennawy K, Reda S, Bekes K, Manton DJ, Krois J. Global
burden of molar incisor hypomineralization. J Dent. 2018;68:10–8. https://
doi.org/10.1016/j.jdent.2017.12.002.
6. Americano GCA, Jacobsen PE, Soviero VM, Haubek D. A Systematic review
on the association between molar incisor hypomineralization and dental
caries. Int J Paediatr Dent. 2017;27:11–21. https://doi.org/10.1111/ipd.
12233.
7. Fatturi AL, Wambier LM, Chibinski AC, da Silva Assunção LR, Brancher JA,
Reis A, Souza JF. A Systematic review and meta-analysis of systemic exposure associated with molar incisor hypomineralization. Community Dent
Oral Epidemiol. 2019;47:407–15. https://doi.org/10.1111/cdoe.12467.
8. Lagarde M, Vennat E, Attal J, Dursun E. Strategies to optimize bonding of
adhesive materials to molar-incisor hypomineralization-affected enamel:
a systematic review. Int J Paediatr Dent. 2020;30:405–20. https://doi.org/
10.1111/ipd.12621.
9. Garot E, Denis A, Delbos Y, Manton D, Silva M, Rouas P. Are hypomineralised lesions on second primary molars (HSPM) a predictive sign of molar
incisor hypomineralisation (MIH)? A systematic review and a meta-analysis. J Dent. 2018;72:8–13. https://doi.org/10.1016/j.jdent.2018.03.005.
10 da Cunha Coelho ASE, Mata PCM, Lino CA, Macho VMP, Areias CMFGP,
Norton APMAP, Augusto APCM. Dental hypomineralization treatment: a
systematic review. J Esthet Restor Dent. 2019;31:26–39. https://doi.org/10.
1111/jerd.12420.
11. Serna-Muñoz C, Martínez-Beneyto Y, Pérez-Silva A, Poza-Pascual A,
Ibáñez-López FJ, Ortiz-Ruiz AJ. Perception, knowledge, and attitudes
towards molar incisor hypomineralization among Spanish dentists: a
cross-sectional study. BMC Oral Health. 2020;20:260. https://doi.org/10.
1186/s12903-020-01249-6.
12. Gambetta-Tessini K, Mariño R, Ghanim A, Calache H, Manton DJ. Knowledge, experience and perceptions regarding molar-incisor hypomineralisation (MIH) amongst Australian and Chilean public oral health care
practitioners. BMC Oral Health. 2016;16:75. https://doi.org/10.1186/
s12903-016-0279-8.
13. Crombie F, Manton D, Weerheijm K, Kilpatrick N. Molar incisor hypomineralization: a survey of members of the Australian and New Zealand society
of paediatric dentistry. Aust Dental J. 2008;53:160–6. https://doi.org/10.
1111/j.1834-7819.2008.00026.x.
14. Alanzi A, Faridoun A, Kavvadia K, Ghanim A. Dentists’ perception, knowledge, and clinical management of molar-incisor-hypomineralisation in
Kuwait: a cross-sectional study. BMC Oral Health. 2018;18:34. https://doi.
org/10.1186/s12903-018-0498-2.
15. Kalkani M, Balmer RC, Homer RM, Day PF, Duggal MS. Molar incisor
hypomineralisation: experience and perceived challenges among
dentists specialising in paediatric dentistry and a group of general dental
practitioners in the UK. Eur Arch Paediatr Dent. 2016;17:81–8. https://doi.
org/10.1007/s40368-015-0209-5.
16. Ghanim A, Morgan M, Mariño R, Manton D, Bailey D. Perception of molarincisor hypomineralisation (MIH) by Iraqi dental academics: MIH-perception by Iraqi dental academics. Int J Pediatr Dent. 2011;21:261–70. https://
doi.org/10.1111/j.1365-263X.2011.01118.x.
17. Hussein AS, Ghanim AM, Abu-Hassan MI, Manton DJ. Knowledge,
management and perceived barriers to treatment of molar-incisor
hypomineralisation in general dental practitioners and dental nurses in

19.

20.

21.
22.

Malaysia. Eur Arch Paediatr Dent. 2014;15:301–7. https://doi.org/10.1007/
s40368-014-0115-2.
Gamboa GCS, Lee GHM, Ekambaram M, Yiu CKY. Knowledge, perceptions,
and clinical experiences on molar incisor hypomineralization among
dental care providers in Hong Kong. BMC Oral Health. 2018;18:217.
https://doi.org/10.1186/s12903-018-0678-0.
Lygidakis NA, Wong F, Jälevik B, Vierrou AM, Alaluusua S, Espelid I. Best
clinical practice guidance for clinicians dealing with children presenting
with molar-incisor-hypomineralisation (MIH): an EAPD policy document.
Eur Arch Paediatr Dent. 2010;11:75–81. https://doi.org/10.1007/BF032
62716.
Elfrink MEC, ten Cate JM, Jaddoe VWV, Hofman A, Moll HA, Veerkamp JSJ.
Deciduous molar hypomineralization and molar incisor hypomineralization. J Dent Res. 2012;91:551–5. https://doi.org/10.1177/0022034512
440450.
Almuallem Z, Busuttil-Naudi A. Molar incisor hypomineralisation (MIH)
– an overview. Br Dent J. 2018;225:601–9. https://doi.org/10.1038/sj.bdj.
2018.814.
Elhennawy K, Schwendicke F. Managing molar-incisor hypomineralization: a systematic review. J Dent. 2016;55:16–24. https://doi.org/10.1016/j.
jdent.2016.09.012.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

