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Enamel defects and tooth eruption
disturbances in children with sickle
cell anemia

Abstract: Sickle cell anemia, a genetic disease caused by a mutation in
the beta-globin gene, can present oral manifestations such as delayed
tooth eruption and hypomineralized enamel and dentin. The aim
of the present study was to evaluate the prevalence and severity of
developmental defects of enamel (DDE) and delayed tooth eruption in
children with sickle cell anemia. The sample comprised 56 male and
female children with sickle cell anemia aged 6 to 12 years and treated at
the Hematology and Hemotherapy Center of Pernambuco, Brazil. The
data were collected according to the WHO criteria for DDE and tooth
eruption. The prevalence of DDE was 58.2% and increased with age,
affecting 43.8% of children aged 6 to 8 years and 66.7% of those aged 10
to 12 years (p>0.05; Pearson’s chi-square test). There was no significant
association between DDE and sex; the most prevalent type of DDE was
diffuse opacity (6.2%). Tooth eruption was delayed in 18 children (32.1%).
The delay increased with age and was detected in 11.8% of children
aged 6 to 8 years, in 20.0% of those aged 8 to 10 years and in 54.2% of
those aged 10 to 12 years (p<0.05; Pearson’s chi-square test). Delayed
tooth eruption was higher in males (36.7%, p>0.05). The prevalence
of DDE was high, increased with age and was similar between sexes,
while delayed eruption was higher in males and showed a significant
association with age.
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Introduction

Hemoglobinopathies used to be highly region-specific with a predilection
for African, Mediterranean, Middle Eastern, Southeast Asian and Indian
subcontinental groups. However, because of widespread global migration,
they affect at least 5.2% of the global population. Annually, there are
over 332,000 affected conceptions or births, of which 275,000 are affected
by sickle cell disorder requiring early diagnosis and prophylaxis. Most
affected children born in high-income countries survive with a chronic
disorder, while most of those born in low-income countries die before
the age of 5 years, and hemoglobin disorders contribute the equivalent
of 3.4% of mortality in children aged under 5 years worldwide or 6.4%
in Africa.! The major forms of hemoglobinopathies are often severe and
their management is difficult and associated with a great psychosocial
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impact on patients and their families.? In Brazil,
sickle cell anemia is the most common hereditary
monogenic disease, being considered endemic,
reaching 0.1% to 0.3% of the black population, with a
tendency to reach an increasingly significant section
of the population, due to the high rate of interracial
marriage. Its distribution is heterogeneous and more
frequent where the rate of Afro-descendants is greater
(Northeast). Estimates show more than 2 million
hemoglobin S (HbS) gene carriers in Brazil and more
than 8,000 individuals affected by the homozygous
form (HbSS). New cases of sickle cell disease range
from 700 to 1,000 on a yearly basis, indicating a public
health problem in Brazil.**>¢7

Among sickle cell diseases, sickle cell anemia
has the highest clinical and hematological severity,
in addition to the highest prevalence.? Sickle cell
anemia is a genetic disease caused by a mutation in
the beta-globin gene, originating HbS, which can
polymerize and promote red blood cell sickling when
in homozygous form (HbSS).* It is characterized by
many acute and chronic complications, including
anemia, severe infections, hemolytic and vaso-
occlusive episodes, recurrent pain episodes, stroke,
acute chest syndrome, pulmonary hypertension, and
chronic organ damage.®’ Additionally, the high risks
of infection and splenic sequestration are recognized
as preventable causes of mortality and morbidity in
young children.’

Although sickle cell anemia has been extensively
studied in Brazil in terms of population frequency and
clinical manifestations, there is still little information
on its oral manifestations. Oral manifestations of
sickle cell anemia are not pathognomonic of the
disease and may be present in individuals with other
systemic disorders.° The clinical signs most commonly
described in the literature are mucosal pallor, delayed
tooth eruption, enamel and dentin mineralization
disorders, hypercementosis, pulp calcifications,
alterations in the cells of the tongue surface and
bone changes, resulting in maxillary protrusion and
formation of a thick trabecular pattern."! Maxillary
growth and the resulting malocclusion have been
associated with bone marrow hyperplasia in these
patients'? and hypocalcification of the teeth occurs as
a consequence of insufficient calcium deposition by
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ameloblasts and odontoblasts, since the blood supply
isimpaired in some areas affected by vaso-occlusion.*
A study revealed a high prevalence of malocclusion
in children and teenagers with sickle cell disease,
most of whom had very severe malocclusion.”

In addition, patients with sickle cell anemia are
more susceptible to infections and to periodontal
disease and are at a greater risk for the development
of dental caries due to several specific factors to which
they are exposed such as high prevalence of dental
opacities, frequent and continuous use of drugs
containing sucrose, and also frequent intercurrent
events and hospitalizations that lead to poor oral
hygiene."® Preventive measures are important in
minimizing the consequences of chronic anemia,
sickle cell crises and dental infections, which can
trigger these crises.®

Therefore, the present research aims to identify the
prevalence and severity of developmental defects of
enamel (DDE) and to evaluate delayed tooth eruption
in children with sickle cell anemia.

Methodology

This was a cross-sectional study with a census
sample of children with sickle cell anemia who
sought treatment between September and December
2012 at the Hematology and Hemotherapy Center
of Pernambuco (Hemope), a reference center for the
treatment of patients with hemoglobin diseases in
Recife, in the state of Pernambuco, Brazil, and who
met the inclusion criteria. The study population
consisted of male and female 56 children aged 6 to
12 years with clinical and laboratory diagnosis of
sickle cell anemia established through the newborn
screening test.

Only those children subjected to intraoral examination
and whose parents and/or guardians signed the informed
consent form for their participation were selected.
Children with other systemic diseases, psychiatric
disorders, neurological disorders, other special needs
and those whose general health status did not allow
them to undergo the examination were excluded.

The children were evaluated by a single examiner
previously calibrated by a “gold standard” examiner.
The inter-examiner calibration consisted of a theoretical
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stage with the presentation of images and the criteria
of the DDE index, and a kappa coefficient of 0.75 was
obtained. The intra-examiner calibration, which
consisted in reassessing one in every eight children
after 1 week, resulted in a kappa coefficient of 0.82.
The lingual/palatal, buccal and occlusal/incisal
surfaces were evaluated. The kappa values refer to
the DDE assessment.

DDE was assessed according to the World Health
Organization (WHO) criteria using the modified enamel
defects index."® The chronology and sequence of tooth
eruption were assessed based on the empty spaces for
unerupted teeth, unless the parent or legal guardian
reported extractions of any of those teeth, and also
based on teeth present when any part of the tooth was
visible or could be touched with a dental explorer.

Patient clinical records were used for the clinical
examination and notes on the clinical data were
made by a collaborator. The dental examination was
performed in a dental office after dental prophylaxis,
under artificial lighting, with the aid of a mouth
mirror, exploratory probes, cotton tweezers and
prefabricated cotton rolls for relative isolation.

For data analysis, the patients were divided into
three age groups (6 to 8 years, > 8 to 10 years and
>10 to 12 years) in order to facilitate the comparison
of variables. Absolute distributions, univariate and
bivariate percentage distributions, and statistical
measures were obtained: mean, median and standard
deviation. Pearson’s chi-square testand McNemar’s test
were used. The significance level was set at 5%. SPSS
(Statistical Package for the Social Sciences), version
17, was used for entering the data and obtaining the
statistical calculations.

This study was approved by the Research Ethics
Committee of Hemope (number 028/2010).

Results

All children examined during the data collection
period were selected to participate in the study, as all
of them met the inclusion criteria. Thus, the sample
comprised 56 children, whose ages ranged from 6
to 12 years, with a mean of 9.32 years, a median of
9.50 years and a standard deviation of 2.02 years.
Regarding the distribution of the children by age,

17 (30.4%) were aged 6 to 8 years, 15 (26.8%) were
aged 8 to 10 years and 24 (42.9%) were aged 10 to 12
years, but the last age group was the most prevalent.
In the distribution by sex, male patients were more
prevalent (30 children), corresponding to 53.6% of
the total sample.

Of the 56 children analyzed, one had only the
deciduous dentition, which was accounted for in the
evaluation of delayed tooth eruption but excluded from
the evaluation of DDE. Eruption of 828 permanent
teeth - most frequently first molars and upper and
lower incisors - was observed in the 55 assessed
children. Regarding enamel defects, 32 children
(58.2%) presented some defects, whereas 23 (41.8%)
presented no defects.

It was also verified that 879% of erupted permanent
teeth presented no defects and 12.1% presented some
type of defect, the most frequent of which were
diffuse opacity (6.2%) and marked opacity (4.5%).
Marked opacity and hypoplasia corresponded to
0.1%, hypoplasia to 0.5% and marked and diffuse
opacities to 0.8% (Table 1).

The presence of enamel defects increased with
age, affecting 43.8% of children aged 6 to 8 years and
66.7% of those aged 10 to 12 years, but it was similar
between sexes. However, there was no significant
association between enamel defects and any of the
variables (p > 0.05) (Table 2).

The occurrence of DDE in the jaws was also
evaluated, showing that children with such defects
in each dental arch accounted for 40%, without
significant difference between the arches. In addition,
21.8% (n = 12) of the children presented defects in
both jaws; 18.2% (n = 10) presented defects only in
the maxilla; 18.2% (10) only in the mandible; and
41.8% (23 children) presented no defects in either of
the two arches (Table 3).

In this study, delayed tooth eruption was verified
in 18 children (32.1%). Delayed eruption increased with
age, affecting 11.8% of children aged 6 to 8 years, 20.0%
of those aged 8 to 10 years and 54.2% of those aged 10
to 12 years, demonstrating a significant association
between delayed eruption and age (p < 0.05). Delayed
tooth eruption was higher in males than in females
(36.7% vs. 26.9%), but no significant association was
found (p > 0.05) (Table 4).
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Table 1. Prevalence and distribution of enamel defects in erupted teeth.
Marked opacity Marked and Total # of

_ Normal Marked opacity  Diffuse opacity and hypoplasia Hypoplasia diffuse opacity erupted feeth
n % n % n % n % n % n % n %
17 7 87.5 1 12.5 - - - - - - - - 8 100.0
16 51 94.4 - - 2 3.7 1 1.9 - - - - 54 100.0
15 15 93.8 1 6.3 - - - - - - - - 16 100.0
14 21 91.3 - - 2 8.7 - - - - - - 23 100.0
13 12 92.3 - - 1 7.7 - - - - - - 13 100.0
12 28 75.7 4 10.8 3 8.1 - - 1 2.7 1 2.7 37 100.0
11 33 75.0 2 4.5 7 15.9 - - 1 2.3 1 2.3 44 100.0
21 37/ 82.2 2 4.4 5 11.1 - - - - 1 2.2 45 100.0
22 27 771 6 17.1 2 57 - - - - - - 35 100.0
23 11 100.0 - - - - - - - - - - 11 100.0
24 23 85.2 1 3.7 2 7.4 - - - - 1 3.7 27 100.0
25 21 100.0 - - - - - - - - - - 21 100.0
26 52 94.5 1 1.8 2 3.6 - - - - - - 55 100.0
27 7 100.0 - - - - - - - - - - 7 100.0
47 11 100.0 - - - - - - - - - - 11 100.0
46 45 84.9 3 57 4 7.5 - - - - 1 1.9 53 100.0
45 14 100.0 - - - - - - - - - - 14 100.0
44 20 35.7 1 1.8 2 3.6 1 1.8 1 1.8 25 100.0
43 21 100.0 - - - - - - - - - - 21 100.0
42 39 90.7 1 2.3 3 7.0 - - - - - - 43 100.0
41 41 83.7 3 6.1 4 8.2 - - 1 2.0 - - 49 100.0
31 44 86.3 3 5.9 4 7.8 - - - - - - 51 100.0
32 41 93.2 1 2.3 2 4.5 - - - - - - 44 100.0
33 21 95.5 1 4.5 - - - - - - 22 100.0
34 21 84.0 2 8.0 2 8.0 - - - - - - 25 100.0
35 10 90.9 1 9.1 - - - - - - - - 11 100.0
36 47 87.0 3 5.6 3 5.6 - - - - 1 1.9 54 100.0
37 8 88.9 1 11.1 - - - - - - - - 9 100.0
Total 728 87.9 37 4.5 51 6.2 1 0.1 4 0.5 7 0.8 828 100.0
Table 2. Prevalence of enamel defects according to age and sex. Table 3. Prevalence of enamel defects between the jaws and
Prevalence of enamel defects dental arch.
Variable Yes No Total p-value* Mandible
n % n % n %
Age (in years) Maxilla Yes No Total p-value*
6108 7 43.8 9 56.3 16 100.0 0.350
>81%10 9 600 6 400 15 100.0 . % " % " %
> 101012 16 66.7 8 33.3 24 100.0 Yes 12 218 10 18.2 29 40.0
Sex
Male 17 586 12 414 29 1000 0.944 No 10 182 23 418 33 600 1.000
Female 15 57.7 11 423 26 100.0
Total 32 582 23 418 55 100.0 Total 22 400 33 600 55 1000
*Pearson’s chi-square test. *McNemar's test.
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Table 4. Prevalence of delayed tooth eruption according to
age and sex.
Prevalence of delayed eruption
Variable Yes No Total p-value*
n % n % n %
Age (in years)
6108 2 11.8 15 882 17 100.0 0.008**

> 810 10 3 200 12 80.0 15 100.0
>10t012 13 542 11 458 24 100.0

Sex
Male 11 36.7 19 633 30 100.0 0.436
Female 7 269 19 73.1 26 100.0

Total 18 32.1 38 67.9 56 100.0

‘Pearson’s chi-square test; **Significant difference at the 5.0% level.

Delayed eruption was detected in 38 (2.4%) of 1,568
teeth. The left lower canines (5 cases) and right lower
canines (7 cases) showed the highest delay frequencies.

Discussion

In this study, the prevalence of DDE in children
with sickle cell anemia aged 6 to 12 years was 58.2%
and the presence of delayed eruption accounted for
32.1%. Soni,” in his microradiographic study, described
the interruption of the mineralization process in
dental tissues of patients with sickle cell anemia,
resulting in hypomineralized enamel and dentin. In
a document published by the Brazilian Ministry of
Health,'® hypomaturation and hypomineralization of
enamel and dentin, leading to opacities, especially
in molars, were associated with sickle cell disease
with a prevalence of 67.5%.

A previous study showed that 50% of sickle cell
anemia patients had whitish areas on their teeth,
suggesting defects in maturation or hypoplasia of
dental tissues.”” In another study of patients with
sickle cell anemia, the authors found a prevalence
of 10% for generalized hypoplasia and 35% for
hypoplasia of the dental unit.?’ Clinical alterations
consisted of white spots, dark spots and cavitation
in the tooth enamel.?

There are other chronic diseases described in
the literature as possible causes of DDE, such as
celiac disease and asthma. The prevalence of DDE in
patients with celiac disease was significantly higher

(42.2%) than in healthy individuals (9.4%), showing a
statistically significant association.” In the study by
Ertekin et al.,? 43 celiac patients (53.1%) had DDE,
showing an association between enamel defects and
celiac disease in childhood. In the present study, 58.2%
of children with sickle cell anemia had some type
of enamel defect, which was slightly higher than in
the aforementioned studies.

In asthmatic patients, the prevalence of DDE
was 76.9%, compared to only 26.9% in the control
group.? In the study by Guergolette et al.,** 89.7%
of asthmatic patients had DDE compared to 38.2%
in the control group, and it was then concluded that
pediatric patients with asthma are at a greater risk for
DDE, thus requiring priority dental care. Compared
to asthmatic patients, the present study presented a
lower prevalence of DDE.

In the district of Kollam, India, 32.0% of healthy
children had DDE, and the defects were more
common in marked opacity.?” The prevalence of
DDE in Granada, in the Spanish province, was
52.0%, with some form of defect affecting 8.3% of
permanent teeth, among which marked opacity and
hypoplasia were the most prevalent and the least
prevalent types of DDE, respectively.? On the other
hand, a study carried out among children in Romania
showed a low prevalence of DDE (9.8%), with the
highest incidence observed for diffuse opacities,
followed by marked opacities.” In comparison to
these results, the prevalence of DDE in the present
study was higher, affecting 58.2% of the children,
with diffuse opacity being the most prevalent defect
in permanent teeth (6.2%), followed by marked
opacity (4.5%).

Note that epidemiological studies on the
prevalence of DDE exhibit a wide range of
variability, which may be explained by the specific
characteristics and method adopted in the study
such as indices used and the criteria used in the
examination.” The prevalence of DDE in permanent
teeth is highly variable depending on the types
of defects and on the characteristics of the study
population. A multitude of etiologic factors and
types of pediatric populations, in addition to
variable concentrations of fluoride in water, are
accountable for this wide variability.?” In the
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present study, no patients had access to fluoridated
drinking water, since fluorosis needs a differential
diagnosis from DDE.

In the present study, delayed tooth eruption was
verified in 18 children (32.1%) and it increased with
age, showing a statistically significant association.
Other studies aimed at identifying the prevalence of
orofacial manifestations in patients with sickle cell
anemia observed delayed eruption in both primary
and permanent dentition. Franco et al.”” observed
delayed tooth eruption in 12.5% of children aged
over 9 years. Santo et al.” verified a change in tooth
eruption in 14.0% of children and teenagers with sickle
cell anemia. Mendes et al.?® detected a significantly
higher prevalence of delayed tooth eruption in
patients with sickle cell anemia when compared to
patients without the disease. On the other hand, Sears
et al.? did not find significant differences between
the chronological and dental ages of patients with
sickle cell anemia, contrasting with the results of the
studies mentioned above.

Celiac patients may also present delayed tooth
eruption.”® The hypothesis for this is that these
patients are often subject to weight loss and have less
somatic growth compared to healthy individuals.*
Delayed tooth eruption was reported in 26.0%
of pediatric patients with celiac disease.® In the
present study, the delay in tooth eruption in sickle
cell anemia patients was higher (32.1%). However,
the study by Condo et al.** concluded that 70% of
the children with celiac disease presented delayed
tooth eruption, which was similar in both sexes.
The prevalence of delayed tooth eruption was
3.4%% in 4,611 healthy Korean children, which was
extremely lower when compared to the rate observed
in patients with sickle cell disease or celiac disease.
However, such comparisons should be interpreted
with caution since sample size and methods used
to assess delayed tooth eruption varied across
studies. Most studies also report that the emergence
of permanent teeth occurs earlier in girls than in
boys.*?>% In this study, the delay in dental eruption
was also higher in males than in females, but no
significant association was found (p > 0.05).

The results of this study show that there is
a statistically significant association between
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delayed tooth eruption and age in sickle cell
anemia patients, but no statistically significant
difference in relation to sickle cell anemia and
DDE, according to sex and age. It is important
to emphasize that enamel development can be
affected by many different environmental and
genetic factors. Amelogenesis is a highly regulated
process and can be negatively influenced by
pathological/medical conditions such as fever,
infection, trauma, changes in oxygen saturation,
antibiotics, excess fluoride exposure, low birth
weight and malnutrition. Thus, children with more
frequent and serious illnesses are more likely to
have enamel defects.”

Therefore, dental surgeons should be trained to
treat patients with sickle cell anemia, considering
that a delay in dental eruption may have an
impact on the development of dental occlusion
and DDE may have a significant clinical impact
on aesthetics, tooth sensitivity, tooth wear and
dentofacial anomalies. The abnormal structure and
morphology of the affected teeth may trigger the
onset and progression of dental caries,* a disease
with a high prevalence in children with sickle cell
disease.® Oral complications in this population
can cause bacterial infections and bring about
vaso-occlusive crises, compromising the quality of
life of sickle cell disease patients.’® So, it is important
that all clinicians be aware of the pathophysiology
and oral manifestations of sickle cell anemia and
that dental surgeons carefully obtain the patient’s
clinical history and information about particular
features in order to plan a dental treatment that
suits the patient’s limitations and needs.*

The data obtained in the present study should
be interpreted with caution due to limitations such
as: a. sample size, as 116 children with sickle cell
disease sought treatment at HEMOPE in 2012
(average of 9.7 children seen per month), and the
sample of the present study comprised almost
half of all those patients (56 children); and b. type
of study, since the children were analyzed only
at a certain time and were not followed up to
evaluate the presence of DDE and the chronology
of eruption of the subsequent teeth. Moreover, oral
manifestations in sickle cell disease patients are not
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disease-specific, so other etiologic factors, including
systemic, local and environmental conditions, can
occur concomitantly with sickle cell anemia and
influence the analyzed variables. Despite these
limitations, this study offers relevant perspectives
for the scientific community.

Finally, since there are few studies on oral
manifestations in patients with sickle cell anemia,
it is suggested that more research be conducted.
Also, it would be relevant to evaluate whether DDE
and delayed tooth eruption are caused by sickle
cell anemia or have other causes in order to verify
if this disease may be an etiologic factor for these
oral manifestations.
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