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Objective: To identify the association of occlusal disorders in patients with sickle cell disease (SCD). Study 
design: A literature review was conducted, and articles published between 2010 and 2019 were searched on 
Bireme and PubMed websites and in MEDLINE and LILACS databases, in English, Portuguese, and Spanish, 
using the keywords “malocclusion,” “sickle cell disease,” and “cephalometry,” combined by Boolean 
operators AND and OR. One of the criteria for the selection of articles was the presence of adolescents in 
the sample. This methodology followed the PRISMA recommendations. Seventy-nine articles were found, 
seven of which were included in the review as they met the inclusion criteria and the study goals. Results: 
The prevalence of malocclusion in SCD patients ranged from 62.9% to 100%, which was considered very 
severe in 30.1% to 80.6%. The most common occlusal changes were Angle’s class II malocclusion, increased 
maxillary overjet, and anterior open bite. In addition, class II skeletal pattern was the most prevalent due to 
mandibular retrusion. Conclusion: Malocclusion prevalence in SCD patients is high and considered to be a 
risk factor, with a significant rate of very severe malocclusion when compared to healthy patients.
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INTRODUCTION

Sickle cell disease (SCD), an autosomal recessive genetic 
disorder1 that originated in Africa and was brought to the 
Americas by the forced immigration of slaves, is highly prev-

alent in the black population and in its descendants2. Around 20 to 25 
million individuals worldwide harbor the homozygous allele, 12-15 
million in Sub-Saharan Africa, 5-10 million in India, and approxi-
mately three million in other regions of the world. Approximately 
8% of Afro-Americans carry the mutated gene, and the expected 
incidence of SCD is one in 625 births3,4.

This disease is considered one of most common hereditary 
hemoglobinopathies in the world, and it is regarded as a global 
health problem5. It is caused by a mutation in nucleotides resulting 
from the replacement of glutamic acid with valine at position 6 
in the beta-globin subunit. This amino acid replacement causes 
changes in the physical properties of the globin chain, in such a 
way that during physiological stresses, mainly hypoxia, hemoglobin 
S (HbS) polymerizes into crystals, distorting red blood cells into a 
sickle shape. This event also induces the expression of several cell 
adhesion molecules that facilitate the physical interaction of sick-
le-shaped erythrocytes with leukocytes and endothelium, leading to 
vaso-occlusive events and to hemolytic anemia, which play a key 
role in the clinical complications of SCD6.
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SCD is a generic term that encompasses a group of hereditary 
hemolytic anemias7 with some peculiarities, but with similar clinical 
and hematologic manifestations8. Among genetic disorders, sickle 
cell anemia (SCA) is clinically and hematologically the most severe 
and also the most prevalent9.

It is important to bear in mind that SCD is characterized by 
several acute and chronic complications, including anemia, severe 
infections, hemolytic and vaso-occlusive events, bouts of recurrent 
pain, stroke, acute chest syndrome, pulmonary hypertension, and 
chronic lesions in different organs10,11.

SCD can affect various bodily systems, including the stomatog-
nathic system12. The oral manifestations of SCD are not pathogno-
monic for the disease and can be present in individuals with other 
systemic disorders13. The most common clinical signs are: mucosal 
pallor, delayed tooth eruption, enamel and dentin demineralization, 
hypercementosis, pulp calcifications, changes in tongue surface 
cells, and bone changes, resulting in maxillary protrusion and 
formation of a dense trabecular pattern14.

SCD also seems to be a risk factor for the development of maloc-
clusion because erythrocytes are short-lived and need to be produced 
constantly and thus patients often have hyperplasia and compensatory 
bone marrow hyperplasia, which may cause craniofacial deformi-
ties15. Craniofacial anomalies can be observed as midfacial outgrowth/
protrusion, maxillary expansion, predominantly vertical growth, 
mandibular retrusion, convex profile, and maxillary protrusion16.

Craniofacial anomalies may contribute to malocclusion in any 
individual17. In SCD patients, these anomalies may result from bone 
marrow hyperplasia and expansion as a way to compensate for the 
early destruction of red blood cells18,19.

Children and adolescents with SCD often present with maxil-
lary prognatism, caused by compensatory bone marrow hyperplasia 
and diastemas as a result of growth changes 8,20,21,22. Besides these 
manifestations, most SCD patients have respiratory and mastica-
tory dysfunctions, which contribute to malocclusion23. Thus, SCD 
appears to be a risk factor for moderate to very severe malocclusion, 
especially if related to tooth loss, anterior spacing, overjet, anterior 
crossbite, and open bite15. Note that malocclusion can remarkably 
affect the oral health-related quality of life of these patients, who 
require earlier dental care24.

The aim of this study was to establish an association of SCD 
with occlusal disorders based on a literature review.

MATERIALS AND METHOD
Search strategy

The literature was reviewed through the active search of infor-
mation on Bireme and PubMed websites in the MEDLINE and 
LILACS databases. The following descriptors (DeCs/MeSH) were 
used: “malocclusion,” “sickle cell disease,” and “cephalometry, 
combined with Boolean operators AND and OR. The search and 
analysis processes were conducted by two researchers. Publications 
were accessed for the last time on December 2019.

Eligibility criteria
Original studies on malocclusion in SCD patients were selected, 

and one of the selection criteria was the presence of adolescents in 
the sample. The search was made in English, Portuguese, or Spanish 
between 2010 and 2019 and only included scientific papers. Review 
articles and case reports were excluded.

Selection of publications and data extraction
The assessment and selection of the articles were made by 

two independent researchers with later comparison of the results 
for consensus selection of the texts. In cases of disagreement or 
uncertainty about the inclusion of the articles, a third researcher 
was consulted. Duplicate articles indexed in both databases were 
included only once. The selection of the publications was carried out 
in two stages: (1) selection by titles and abstracts and (2) qualitative 
analysis of full articles (Figure 1). This method followed PRISMA 
(Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses) guidelines25. After the selected articles were critically read, the 
data were analyzed, discussed, and tabulated to describe the preva-
lence, severity, and types of malocclusion in SCD patients.

DISCUSSION
The general manifestations of SCD are widely known and 

well described; however, details about the oral consequences of 
the disease are lacking. There exist different oral manifestations of 
SCD, but most are not pathognomonic for the disease29. Therefore, 
dental surgeons play a crucial role in a multidisciplinary team as 
they can adopt preventive measures and select effective treatments 
with improvements in the quality of life of patients.

The results of the present review show that SCD patients tend 
to develop malocclusion when compared to healthy individuals. 
Basyouni et al 20 demonstrate that 87.5% of Saudi Arabian adoles-
cents with SCD presented with malocclusion compared to 54% in 
the control group. The rate of SCD patients with severe malocclu-
sion was larger than in the control group (37.5% vs. 26.6%). Hence, 
the authors underscore the importance of regular dental assessments 
and early orthodontic treatment for improvement of oral health and, 
consequently, of the quality of life of SCD patients. Al-Hummayani 
and Taibah30 assessed occlusion in healthy Saudi Arabian adoles-
cents and concluded that 24.3% had severe malocclusion, which 
frequently consisted of crowding (48.8%) and increased overjet 
(21.8%). Open bite and posterior crossbite had low prevalence rates 
(4.8% and 3%, respectively). Therefore, when compared to healthy 
individuals, SCD patients had more severe and more frequent 
occlusal disorders such as incisal crowding (72.4%), increased 
overjet (67.3%), open bite (38.4%), and posterior crossbite (67%)20.

Costa et al 15 concluded that SCA is a risk factor for moderate 
to very severe malocclusion. The prevalence of malocclusion was 
76.3% in SCA patients, and among these 30.1% was classified as 
very severe. As for healthy individuals, the prevalence was 52.7%, 
with very severe malocclusion in 2.7%. This corroborates the find-
ings described in the literature. Onyeaso and Da costa31 observed very 
severe malocclusion in 31.3% of SCA patients, whereas Luna, Godoy 
and Menezes22 observed it in 80.6% of their sample. Overjet (67.7%) 
was statistically significant between the groups and was regarded 
as a probable consequence in SCA patients15. Da costa et al.32 noted 
increased overjet in 48.2% of SCA patients. Helaly and Abuaffan27 
also revealed a high prevalence of malocclusion in children and 
adolescents with SCD and they concluded that this disease seems to 
be a risk factor for malocclusion, especially when related to Angle’s 
Class II malocclusion, increased overjet, and anterior open bite. 
These studies are in line with the one conducted by Pashine et al 26,  
in which children with SCD showed a remarkable tendency to Class 
II molar relationship, crowding in the incisal segment, open bite, and 
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Figure 1. Flowchart showing search strategy and selection of articles on Bireme and PubMed websites.

RESULTS

Author (Year) 
/ Country

Type of 
study

Sample (n)/ age 
range (months 

to years)

Orthodontic diag-
nostic method Results

Pashine et 
al. (2019)26 / 

India

Comparative 
cross-

sectional

50 with SCD

50 healthy

(10–18 years)

Dental Health 
Component of 

Index of Orthodontic 
Treatment Need 

(DHC -IOTN)

Dental Aesthetic 
Index (DAI)

Cephalometric 
analysis

SCD patients: 24% of malocclusion, (p=0.004), (4% regarded 
as severe).

Class II molar relationship (60%), crowding in the incisal 
segment (24%), increased overjet (62%), and open bite (10%) 
(p<0.001). SNB (77.18º) (p= 0.001) and ANB (5.58º) (p = 
0.034).

Control group: 4% of malocclusion (0% regarded as severe)

Class II molar relationship (2%), crowding in the incisal 
segment (14%), increased overjet (4%), and open bite (0%). 
SNB (79.52º) and ANB (4.56º).
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RESULTS

Author (Year) 
/ Country

Type of 
study

Sample (n)/ age 
range (months 

to years)

Orthodontic diag-
nostic method Results

Basyouni et 
al. (2018)20 / 
Saudi Arabia

Comparative 
cross-

sectional

112 with SCD

124 healthy

(12–18 years)

DAI

Cephalometric 
analysis

SCD patients: 87.5% of malocclusion, (p = 0.0001), (37.5% 
regarded as severe).

Crowding in the incisal segment (72.4%) (p= 0.016), overjet 
(67.3%) (p = < 0.0001), and upper jaw misalignment in the 
anterior segment (56%) (p = < 0.0001).

Open bite (38.4%) (p= 0.001). Posterior crossbite (67%) 
(p<0.0001).

Cephalometric analysis: SNA (86.7º) and ANB (9.9º) (p< 0.05).

Control group: 54% of malocclusion (26.6% regarded as 
severe).

Crowding in the incisal segment (56.7%), overjet (32.8%), and 
upper jaw misalignment in the anterior segment (30%). Open 
bite (19.3%). Posterior crossbite (37.1%).

Cephalometric analysis: SNA (81.5º) and ANB (2º).

Helaly and 
Abuaffan 
(2016)27 / 

Sudan

Retrospective 
cohort

212 with SCD

212 healthy

(4–14 years)

Clinical assessment 
(Angle’s 

classification)

SCD patients: 4–6 years: crowding (1.3%) (p= 0.000), overjet 
(7.9%) (p= 0.002), increased overbite (2.6%), and anterior open 
bite (5.3%) (p= 0.063; RR= 6.1);

7–11 years: Angle’s Class II (19.7%) (p=0.002), overjet (30.3%) 
(p= 0.000), increased overbite (10.6%), and anterior open bite 
(24.2%) (p= 0.000).

12–14 years: Angle’s Class II (22.9%) (p= 0.000), overjet 
(42.9%) (p= 0.000), increased overbite (21.4%), and anterior 
open bite (15.7%) (p= 0.000).

Control group: 4-6 years: crowding (0%), overjet (0%), 
increased overbite (0%), and anterior open bite (1.3%);

7–11 years: Angle’s Class II (3%), overjet (0%), increased 
overbite (0%), and anterior open bite (4.5%).

12–14 years: Angle’s Class II (0%), overjet (0%) increased 
overbite (0%), and anterior open bite (4.3%).

Costa et al. 
(2015)15 / 

Brazil

Retrospective 
cohort

93 with sickle cell 
anemia (SCA)

186 healthy 
patients

(16–60 years)

DAI SCA patients: 76.3% of malocclusion (30.1% regarded as very 
severe) (p< 0.001).

SCA is correlated with loss of anterior teeth (41.9%) (RR = 
1.94), anterior spacing (60.2%) (RR = 1.66), overjet (67.7%) 
(RR = 1.87), anterior crossbite (12.9%) (RR = 1.94), and open 
bite (12.9%) (RR = 1.94).

Control group: 52.7% of malocclusion (2.7% regarded as very 
severe).

Loss of anterior teeth (37.1%), anterior spacing (36%), overjet 
(36%), anterior crossbite (3.2%), and open bite (0.5%).

Pithon et al. 
(2014)28 / 

Brazil

Cross-
sectional

15 SCA patients

15 healthy 
patients

(18–29 years)

Cephalometric 
analysis

SCA patients: The mean SNA was 83.0º, indicating proper 
positioning of the mandible from the skull base. A high ANB 
mean was observed (5.47º) (p < 0.001), indicating a tendency 
to Class II skeletal malocclusion due to mandibular retrusion.

Control group: The mean SNA was 79.7º, indicating proper 
positioning of the mandible from the skull base. The mean ANB 
was 1.80º.

Luna, Godoy 
and Menezes 

(2014)22 / 
Brazil

Cross-
sectional

35 children with 
SCD (5 years)

36 adolescents 
with SCD (12–18 

years)

DAI Children with SCD: The prevalence of malocclusion was 
62.9%. The main types of malocclusion were Class II (37.1%), 
increased overjet (28.6%), poor overbite reduction (28.6%), 
and open bite (17.1%).

Adolescents with SCD: The prevalence of malocclusion was 
100%, and 80.6% was regarded as very severe. The most 
prevalent types of malocclusion were maxillary overjet (63.9%) 
and upper jaw misalignment (58.3%).
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increased overjet when compared to healthy children. A possible 
explanation for this increased overjet could be the higher bone marrow 
activity and maxillary growth dysplasia observed in SCD patients33. 
Moreover, the larger number of malocclusions in these patients could 
be related to muscle imbalance, lip incompetence, or changes in bone 
base, which indicates the need for orthodontic intervention34.

Pithon et al 28 performed a cephalometric analysis of SCD 
patients and noted a class II skeletal pattern due to mandibular retru-
sion. However, in this sample, most patients did not exhibit compen-
satory upper jaw expansion, determined by normal mandibular 
length and absence of maxillary protrusion, which is at odds with 
studies that describe this compensatory maxillary expansion as one 
of the possible causes of malocclusion in these patients. Likewise, 
Maia et al.16 concluded that most patients did not have compensa-
tory maxillary expansion determined by the prevalence of shorter 
maxillary length and by the absence of maxillary protrusion in SCA 
patients. This study also indicated a slight increase in the ANB angle 
(anteroposterior relationship between the maxilla and the mandible) 
in these patients, suggesting a tendency towards a class II pattern16. 
Basyouni et al 20 demonstrated a tendency towards class II maloc-
clusion in SCD patients as the ANB angle was significantly larger 
than in the control group. Conversely, this study20 is at odds with 
that carried out by Pithon et al 28 concerning the SNA angle, which 
represents the anteroposterior positioning of the maxilla relative to 
the skull base, since the mean angle observed by Basyouni et al20 
was enlarged (86.7º) and that resulted in maxillary prognathism 
when compared to the former study (83.0º), which indicates absence 
of maxillary protrusion in SCD patients28.

Likewise, in the study conducted by Pashine et al 26, SCD patients 
had severe malocclusion that tended towards class II skeletal type, 
as the ANB was significantly higher in this group. In addition, SNB, 
used to assess the position of the mandible relative to the skull base, 
was significantly lower in children with SCD than in healthy ones, 
indicating mandibular retrusion26.

Luna, Godoy and Menezes22 also verified a high prevalence of 
malocclusion in SCD patients, which affected 62.9% of the chil-
dren. Similarly, in the latest epidemiological survey on oral health 
conducted by the Brazilian Ministry of Health, the prevalence of 
malocclusion was 66.7% in 5-year-old healthy children35. On the 
other hand, the major types of malocclusion observed by Luna, 
Godoy and Menezes22 in children with SCD were Class II molar 
relationship (37.1%), increased overjet (28.6%), poor overbite 
reduction (28.6%), and anterior open bite (17.1%), with higher rates 
than those obtained for healthy Brazilian children, who showed 
class II molar relationship in 16.6% of the sample, increased overjet 
in 22%, poor overbite reduction in 11.9%, and anterior open bite in 
12.1%35. However, posterior crossbite was more prevalent (21.9%) 

in healthy children according to SB Brasil35 compared to 8.6% in 
children with SCD22. Helaly and Abuaffan27 observed increased 
overjet in 7.9% and open bite in 5.3% of children with SCD, 
showing lower rates than those described in the aforementioned 
studies. Nevertheless, when compared to the control group, patients 
with SCD had higher and more significant rates of malocclusion 
than did healthy children27.

The prevalence of malocclusion in adolescents with SCD was 
100% in the study by Luna, Godoy and Menezes22, and most adoles-
cents had very severe or incapacitating malocclusion (80.6%). 
These findings do not concur with those of the study carried out by 
SB Brasil35 with healthy adolescents, in which prevalence rates were 
38.8% for malocclusion at the age of 12 years, 6.5% for very severe 
occlusal disorders, and 35.6% for adolescents aged 15 to 19 years, 
with 9.1% of very severe malocclusion. The most common types of 
malocclusion among adolescents with SCD were maxillary overjet 
(63.9%) and maxillary anterior misalignment (58.3%)22. Martins et 
al 36 observed a significant prevalence of 31.3% for malocclusion in 
healthy adolescents, 5.2% for increased maxillary overjet, and 7.4% 
for upper jaw misalignment. The most frequent types of maloc-
clusion were dental crowding in 51.9% of adolescents, spacing in 
32.1%, and diastema in 23.7%36. In adolescents with SCD, these 
types of malocclusion had lower prevalence rates (22.2%, 16.7%, 
and 13.9%, respectively)22.

This demonstrates that SCD patients tend to develop certain 
types of malocclusion when compared to healthy individuals, which 
could be explained by increased bone marrow activity, possibly 
leading to changes in the trabecular bone associated with bone 
expansion and with increased overjet between the arches due to 
maxillary protrusion8,18-22.

However, owing to the paucity of studies on oral manifestations 
in SCD patients, further longitudinal studies are needed to confirm 
this association between malocclusion and SCD. Public policies 
targeted at SCD patients are of paramount importance for assess-
ment of malocclusion and, if necessary, for early treatment, given 
the impact of malocclusion on the quality of life of these patients.

CONCLUSION
Studies have revealed a high prevalence of malocclusion in 

SCD patients, showing a high rate for very severe malocclusion 
when compared to that observed in healthy individuals. The most 
common types of malocclusion were class II molar relationship, 
increased overjet, and anterior open bite. Class II skeletal pattern 
was the most prevalent due to mandibular retrusion. Therefore, SCD 
patients should be followed up by dentists as well in order to initiate 
orthodontic treatment as soon as possible, preventing severe impact 
on the dentition and thus contributing to improving quality of life.

RESULTS

Author (Year) 
/ Country

Type of 
study

Sample (n)/ age 
range (months 

to years)

Orthodontic diag-
nostic method Results

Maia et al. 
(2011)16 / 
Brazil

Cross-sec-
tional

50 SCA patients 
(18–43 years)

Cephalometric 
analysis

SCD patients: The mean SNA was 84.56º, indicating proper 
positioning of the maxilla from the skull base. The prevalence of 
Class II was 32% and 31% had maxillary protrusion; the effec-
tive maxillary length decreased by 64%. Mandibular retrusion 
was observed in 30% and 76% revealed shorter mandibular 
length. The mean ANB was 4.44º.
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