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Abstract Background/purpose: Dental enamel defects are related to celiac disease and the
dentists are in a perfect situation to identify and report suspected cases. The aim was to eval-
uate the symmetry of enamel defects in a pediatric Portuguese population with celiac disease
and compare it with healthy controls.
Materials and methods: a case-control study was performed in 80 patients with celiac disease
and 80 healthy individuals aged 6e18 years old as controls. Data was collected by a question-
naire and clinical observation. Colour, type, and site of enamel defects were recorded and
classified according to Aine criteria. Data analysis was performed, and any p-value <0.05
was considered significant.
Results: Enamel defects were found in 55% of patients with celiac disease and 27.5% in the
control individuals (p< 0.001). Grade I of Aine’s classification was the most found in both
groups, but it was higher in the celiac disease group, not only in the permanent dentition,
but also in both dentitions with statistically significant difference (pZ 0.002 and pZ 0.001
respectively). Grade II was found only in the celiac disease group. It was observed that enamel
defects in celiac disease were symmetric and the most affected teeth were the first perma-
nent molars (pZ 0.003) and the permanent incisors (pZ 0.001).
Conclusion: Symmetric dental enamel defects in population with celiac disease are more pre-
dominant than in general population. Therefore, individuals with enamel defects, especially
those with symmetric lesions, should be well evaluated and the possibility of having celiac dis-
ease in the clinical history must be taken into account.
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om (V.M.P. Macho).

006
l Sciences of theRepublic of China. Publishing services by Elsevier B.V. This is an open access article under
vecommons.org/licenses/by-nc-nd/4.0/).

mailto:vivimacho@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jds.2020.02.006&domain=pdf
https://doi.org/10.1016/j.jds.2020.02.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/19917902
http://www.e-jds.com
https://doi.org/10.1016/j.jds.2020.02.006
https://doi.org/10.1016/j.jds.2020.02.006


346 V.M.P. Macho et al
ª 2020 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Table 1 Classification of dental enamel defects according
to Aine, adapted by Shteyer E.17

Grade 0 No defects.
Grade I Defect in enamel colour. Single or multiple

cream, yellow or brown opacities (marks) with
clear or hazed boundary, part of the dental
Introduction

Celiac disease (CD) is an immune-mediated enteropathy
that affects genetically susceptible people following
exposure to dietary gluten.1e7 CD individuals may have
gastrointestinal symptoms with a typical enteropathy,
characterized by a malabsorption syndrome, extra-
intestinal symptoms or none of these.6,8,9

A greater prevalence of some oral manifestations in pa-
tients with celiac disease is described by other authors and
it may be considered a diagnostic clue in silent-atypical
forms of CD.3,4,10 Oral manifestations related to CD are
recurrent aphthous stomatitis, delayed tooth eruption,
caries, geographic tongue, angular cheilitis, atrophic glos-
sitis, burning tongue, dry mouth and dental enamel
defects.3,8,11,12,14e16 Impairment of dental crowns mineral-
ization may occur in numerous systemic diseases but the
defects found in celiac patients are highly specific and often
in a symmetrical way.4,13 Dental enamel defects are mainly
characterized by pitting, grooving and sometimes a com-
plete loss of the enamel.4,15 These specific enamel defects
have to be symmetrically and chronologically detectable in
all four sections of the dentition.4,13 Other enamel defects
(discolorations, hypoplasia or opacities) that are neither
symmetrical nor chronological and are not present in the
same teeth of both hemi-arches are considered unspecific.
Dental enamel structural defects may be diverse and may
contain hypoplasia (functional disturbances) as well as
hypomineralization (qualitative disturbances).4

There are no articles about this topic in Portuguese
population so, these considerations led us to perform the
rst study in Portuguese children with CD aimed at evalu-
ating the percentage of enamel defects among diagnosed
patients with CD and compare the results with those of
healthy controls, as well as the difference in symmetry in
both groups.
enamel may lack transparency.
Grade II Slight structural enamel defects, rough surface

with horizontal groves or pits, distortion of
enamel colour and transparency.

Grade III Evident structural defects. A part or the entire
surface of enamel rough and filled with deep
horizontal grooves that vary in width or have
large vertical pits; large opacities of different
colours or strong discolorations may appear in
combination.

Grade IV Severe structural defects. The shape of the
tooth changed. The tips of cusps are sharp-
pointed and/or the incisal edges are unevenly
thinned and rough. The thinning of the enamel
material is easily
detectable, and the lesion may be strongly
discoloured.
Materials and methods

The sample included 80 children with celiac disease and 80
controls, aged between 6 and 18 years old in both groups.
Two subgroups were created for each group: [6, 12] and
[13, 18]. For the purpose of calculating age, the last
birthday was considered, that is, if the patient was 12 years
old and eleven months old, he was considered 12 years old
and was placed in the group from 6 to 12 years old. Celiac
patients, treated regularly in the Gastroenterology and
Nutrition department/Pediatric Hospital in São João Hos-
pital Center, in Oporto city, Portugal, were invited to
participate in the study. The control group included 80
children and adolescents followed in the pediatric dentistry
class of the Dentistry Department of Oporto University, in
Oporto city, Portugal. This choice was intentional
considering that it was an exclusion factor to present other
systemic diseases, local causes associated with enamel
defects, which could have triggered tooth pigmentation. If
the control group consisted of non-celiac patients who were
followed at the hospital, they could have presented prob-
lems of nutritional or systemic etiological nature and thus,
alter the results of the study.

The inclusion criteria implemented for CD group were:
previous diagnosis of CD, age between 6 and 18 and signed
informed consent forms by children’s legal representatives.
Inclusion criteria for the control group were the same
except for having CD. The exclusion criteria for the 2 groups
were: patients who didn’t allow a complete examination;
the presence of fixed orthodontic appliance; the presence
of dental fluorosis or other local/systemic diseases or local
causes associated with enamel defects; previous use of
drugs that may have caused dental pigmentation, such as
tetracycline. Any child from the control group who reported
any gastrointestinal disease and/or having a family history
of CD was excluded.

The clinical examination of all participants was carried
out by a certified dentist. In order to observe the patients
clinically an Asa dental mirror, an Asa probe, and a sterile
gauzes or cotton were used. Observation was made using
artificial and natural light and its registry was carried out
tooth by tooth. Aine et al.17,18 classified the specific enamel
defects in grades IeIV according to the severity of their
clinical aspect (Table 1) so that he could assess the enamel

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Symmetric enamel defects in celiac disease 347
defects. Colour, type, and site of defects were recorded.
The symmetrical dental defects distribution was evaluated
by the involvement of the homologous teeth in the upper
and lower hemi-arches and all hemi-arches. This study was
approved by the ethical committee of the Faculty of
Dentistry of Oporto University and by the ethical committee
of São João Hospital (Oporto, Portugal). Informed consent
was obtained from the legal representatives of all individ-
ual participants included in the study, according to the
Declaration of Helsinki of 2002.

All intraoral observations were performed by a single
examiner; however, it was necessary to verify the intra-
observer reliability degree over time and the reproduc-
ibility of the examination. For this purpose, 16 double
observations were performed, which corresponded to
approximately 10% of the total intraoral observations per-
formed. All pairwise observations were made in the control
group. Cohen’s Kappa coefficient for dichotomous views
and weighted Cohen’s Kappa coefficient for ordinal ob-
servations were used to calculate intra-observer agree-
ment, with a value of 0.875 and 0.915, considered as "near-
perfect".19 For the assessment of the examiner and
confirmation of the calibration of the observer, observa-
tions were made by another trained dentist. The double
observations were performed whenever possible on
different days with a distance that never exceeded 30
days, so that there were no significant changes in oral
health status. The agreement between both was consid-
ered very good/near perfect based on a Kappa of 0.830,
with a standard error of 0.040.19

For a descriptive analysis of the results, appropriate
summary statistics were applied. Sample percentage of
enamel defects and respective 95% confidence levels for
population percentage of enamel defect were calculated
using the adjusted Wald method as this provides the best
coverage for the specified interval when sample sizes are
less than about 150. A p-value lower than 0.05 was statis-
tically significant. The analysis was performed using the
statistical analysis software IBM� SPSS� v.24.0 (IBM Cor-
poration, USA).
Table 2 Characteristics of the study groups.

Variable Characteristic CD
(nZ 80)
n (%)

Control
(nZ 80)
n (%)

p-value

Age (years) average (SD) 13.3 (3.5) 12.5 (3.7) 0.172a

95%CI mean 12.5e14 11.7e13.3
range 6.5e18.7 7e18.9

Age range 6e12
years old

30 (37.5%) 41 (51.3%) 0.080b

13e18
years old

50 (62.5%) 39 (48.8%)

Gender Female 48 (60%) 45 (56.3%) 0.631b

Male 32 (40%) 35 (43.8%)

CD e celiac disease; SD�standard deviation.
a t test.
b Chi-square test.
Results

A homogeneous sample of 80 celiac patients and 80 control
patients aged 6e18 years, of both genders, with no signif-
icant difference in age (pZ 0.172)/age range (pZ 0.080)
or gender (pZ 0.631) between groups (Table 2).

The presence of at least one enamel defect was more
frequently found in the CD group in the permanent denti-
tion (pZ 0.001) as well as when both dentitions were
counted (p< 0.001). Dental enamel defects in both denti-
tions were found in 55% celiac disease and in 27.5% control
subjects (p< 0.001). In the deciduous tooth dentition, the
number of enamel defects was very small, therefore, the
inference for the population is irrelevant, the reason why
no more results were included for this condition (Table 3).
When performing a subgroup age analysis in both groups,
CD group continued to have a higher percentage of enamel
defects, at least in the 13e18 years old subgroup
(p< 0.001). The results concerning this analysis can be
found in Table 4.
Dental enamel defects were classified using grades 0 to
IV according to Aine criteria.17,18 In this study, only patients
with grade I or II of enamel defects were found. Grade I was
the most found in both groups (Fig. 1), but the percentage
was significantly higher in the celiac disease group, not only
in the permanent dentition, but also in both dentitions
(pZ 0.002 and pZ 0.001 respectively). Moreover, grade II
was found only in the CD group (Table 5 and Fig. 2).

This study found a significant higher number of sym-
metric enamel defects in the first upper molars (pZ 0.003)
and first lower molars (pZ 0.003) and at the same time
found higher number of symmetric enamel defects in all
first molars (pZ 0.028). Besides, a higher number of sym-
metric enamel defects in the lateral upper incisors
(pZ 0.001) and central upper incisors (pZ 0.001) was
found (Table 6).
Discussion

In the CD Portuguese group, the percentage of at least one
tooth with enamel defect was significantly higher than that
of the control group. These results were similar to the
literature found in celiac patients from other
countries.8,11,20e25 Enamel defects could be a major sign of
CD.11,21,26 The overall prevalence of this oral manifestation
ranges from 38% to 83%.5,11,14,20,21 Souto-Souza et al.
investigated the relationship between enamel defects and
CD and in their meta-analysis, observed that CD had a
significantly higher prevalence of enamel defects; and they
observed that only enamel defects diagnosed using Aine
method were strictly related to CD.5 Nieri et al. performed
a systematic review and a meta-analysis on the presence of
enamel defects in CD versus healthy individuals and verified
that CD had a significantly higher prevalence of enamel
defects.27

It is important to note that defects in the enamel
structure may develop in the prenatal, neonatal, and
postnatal periods, and their extension will depend on the
duration, intensity, and the period in which the etiological
factor was present during the formation of the dental
crown.28 The presence of enamel defects found in decidu-
ous tooth dentition supports the hypothesis that



Figure 1 Presence of symmetrical enamel defects in the
homologous teeth, Grade I Aine classification, in the perma-
nent dentition in the celiac disease group.

Table 5 Study of the distribution of different degrees of
enamel defects (according to the Aine classification) in the
celiac disease versus control group.

Variable Characteristic CD n (%)
nZ 80

Control
n (%)
nZ 80

p-value

�1 enamel
defect

Permanent
dentition

Grade I 41 (51.3%) 22
(27.5%)

0.002a

Grade II 9 (11.3%) 0 (0%) 0.003b

�1 enamel
defect

Both
dentitions

Grade I 43 (53.8%) 22
(27.5%)

0.001a

Grade II 10 (12.5%) 0 (0%) 0.001a

CD e celiac disease.
a The chi-square test.
b Fisher exact test.

Table 3 Comparison of the presence of enamel defects in the CD and control group.

Variable Characteristic CD (nZ 80)
n (%)

Control (nZ 80)
n (%)

p-value

�1 enamel defect
Permanent dentition

yes 42 a (53.2) 22 b (27.5) 0.001
no 37 b (46.8) 58 a (72.5)

�1 enamel defect
Deciduous tooth dentition

yes 3 (10.3) 2 (5.7) 0.492
no 26 (89.7) 33 (94.3)

�1 enamel defect
Both dentitions

yes 44a (55) 22b (27.5) <0.001
no 36b (45) 58a (72.5)

CD e celiac disease; a,b-different letters show significant differences regarding counts, according to the chi-square test.

Table 4 Comparison of the presence of enamel defects in the different age subgroups in CD and control group.

Variable 6e12 years old p-value 13e18 years old p-value

CD
n (%)

Control
n (%)

CD
n (%)

Control
n (%)

�1 enamel defect
Permanent dentition

yes 14 (48.3) 14 (34.1) 0.235 28a (56) 8b (20.5) 0.001
no 15 (51.7) 27 (65.9) 22b (44) 31a (79.5)

�1 enamel defect
Both dentitions

yes 16 (53.3) 14 (34.1) 0.106 28a (56) 8b (20.5) 0.001
no 14 (46.7) 27 (65.9) 22b (44) 31a (79.5)

CD e celiac disease; a,b-different letters show significant differences regarding counts, according to the chi-square test.

Figure 2 Presence of symmetrical enamel defects in the
homologous teeth, Grade II Aine classification, in the perma-
nent dentition in the celiac disease group.
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immunogenic factors are probably more related to the
development of enamel defects in CD than environmental
factors.14 In our study, there were no differences between
the two groups regarding the enamel defects in the de-
ciduous tooth dentition. As reported in the literature,
enamel defects are more frequent in the permanent
dentition and normally there are not so many defects in the
deciduous tooth dentition. It should be noted that the
sample of individuals in deciduous tooth dentition in the
present study was reduced, which makes it difficult to infer
conclusions.

The distribution of the different degrees of enamel de-
fects in the permanent dentition (according to Aine’s
classification) shows that grade I and II are the most com-
mon, which agrees with the results of the present study. In
our study, CD group presented a higher occurrence of grade
I enamel defects of Aine classification in the permanent
dentition, being these results similar to those of some



Table 6 Study of symmetry of enamel defects in the homologous teeth in the permanent dentition in celiac disease group
versus control group.

Permanent Dentition

Teeth Number of
symmetries in 2
homologous teeth CD

Number of symmetries
in 2 homologous teeth
Control

p-value Number of symmetries
in 4 homologous teeth
CD

Number of symmetries
in 4 homologous teeth
Control

p-value

17/27 0 1 1.000a 0 1 1.000a

37/47 0 1 1.000a

16/26 9 0 0.003a 6 0 0.028a

36/46 13 2 0.003b

15/25 1 1 1.000a 1 1 1.000a

35/45 1 1 1.000a

14/24 2 1 1.000a 1 1 1.000a

34/44 2 1 1.000a

13/23 1 0 1.000a 1 0 1.000a

33/43 2 0 0.497a

12/22 10 0 0.001b 0 0 n.a
32/42 2 0 0.497a

11/21 27 9 0.001b 4 0 0.120a

31/41 5 0 0.059a

CD e celiac disease; n.a e not applicable.
a Chi-square test.
b Fisher test.
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studies in the literature.11,15,18,19,29 Trotta et al. found
dental enamel defects in most celiac patients. The defects
are systematic, showing a symmetrical and chronological
distribution in the four hemi arches. The most commonly
affected teeth were the incisors, followed by molars, pre-
molars and canines. Moreover, in the study by Trotta et al.,
grade I and II of Aine classification were the most found.12

Campisi et al. evaluated the severity of enamel defects
according to Aine criteria and found 87% of grade I, 11%
grade II and 2% grade IV.8 Mina et al. found 86% of grade I
and 14% of grade II in CD patients.30 It is unclear what
factors affect the degree of severity of enamel defects in
CD.

Mineralization impairment of dental crowns can occur in
numerous systemic diseases, but the enamel defects found
in CD normally are symmetrically and chronologically
detectable in all four sections of the dentition.13,31,32 The
present study found a significant higher number of sym-
metric enamel defects and the most affected teeth were
the first permanent molars and the permanent incisors.
These defects were more frequently found in the perma-
nent dentition, symmetrically (on both sides of the dental
arch) and occurring in both the maxilla and the mandible,
results similar to the literature.4,13,31,33 Celiac disease may
predispose patients to enamel defects in the incisors and
first molars as a result of the time course of odontogenesis
and its relation to the active phases of the disease.15

Consequently, an early diagnosis is important and a
gluten-free diet could prevent or reduce these enamel
alterations.15

The incisors and first molars are the most affected
teeth as a result of odontogenesis and its relationship with
the active phases of the disease. The higher percentage in
the permanent dentition can be explained by the fact that
the development of the crown in this dentition occurs
between the first months of life and the 7e8 years,
whereas the formation of the deciduous tooth dentition
occurs predominantly in utero. This correlation with the
chronology of the development of the permanent denti-
tion is also justified by the fact that the incisors and the
first molars are the first teeth to calcify.14 Age at CD
diagnosis plays an important role in the pathogenesis of
enamel defects.15 Therefore, it is believed that when a
systemic disease occurs in the period of mineralization of
the temporary or permanent teeth, it can result in
anomalies in the enamel.

Enamel defects are more prevalent and symmetrical in
patients with celiac disease when compared to a non-celiac
pediatric population and this difference is highly signifi-
cant. The identification and the knowledge of this partic-
ularity (symmetric enamel defects) in this population may
have an important role for the dentist to suspect of CD and
subsequently to refer the patient to the physician, in order
to perform specific tests to confirm the diagnosis.
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