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Abstract: Sickle cell disease (SCD) is a group of inherited red blood cell disorders characterized by the presence
of abnormal hemoglobin, leading to a cascade of pathophysiological events including vaso-occlusion, chronic
hemolysis, and inflammation. While the systemic effects of SCD are well-documented, the oral and dental
manifestations are often overlooked yet can significantly impact patients' quality of life. This review provides a
comprehensive overview of the dental issues associated with sickle cell anemia (SCA), the most severe form of
SCD. Key manifestations include dental caries, periodontal disease, pulpal necrosis, enamel and dentin
abnormalities, delayed tooth eruption, and orofacial pain. The underlying mechanisms, such as bone marrow
hyperplasia, vaso-occlusive crises in the jaw, and chronic inflammation, are explored. The paper also discusses
diagnostic considerations and management strategies tailored for dental care in patients with SCA, emphasizing
the need for a multidisciplinary approach to improve oral health outcomes in this vulnerable population.
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I. Introduction
Sickle cell disease represents one of the most common and clinically significant monogenic disorders worldwide.
[1] It is caused by a point mutation in the beta-globin gene, resulting in the production of hemoglobin S (HbS).
Under deoxygenated conditions, HbS polymerizes, distorting red blood cells into a rigid, sickle shape. These
abnormal cells can block blood flow in small vessels, leading to tissue ischemia, pain crises, and progressive organ
damage. [2]

The oral cavity is not spared from the systemic complications of SCA. The craniofacial complex undergoes
significant changes due to chronic anemia-induced bone marrow hyperplasia. [3] Furthermore, microvascular
occlusion within the jawbones can lead to ischemic necrosis, pain, and increased susceptibility to infections.
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Despite the high prevalence of oral health problems in this population, they often go under-recognized and
undertreated. This paper aims to synthesize the existing literature on the dental and oral manifestations of SCA
and to provide evidence-based recommendations for clinical management.

II. Pathophysiological Basis of Oral Manifestations
The oral complications of SCA are direct and indirect consequences of the disease's pathophysiology.

Bone Marrow Hyperplasia: Chronic hemolytic anemia stimulates the hematopoietic system to increase red blood
cell production. This leads to the expansion of bone marrow spaces in the craniofacial bones, including the maxilla
and mandible. Radiographically, this presents as a "stepladder" trabecular pattern and generalized osteoporosis,
which can compromise the structural integrity of the jawbones and predispose patients to fractures and
malocclusions. [3]

Vaso-occlusion: Vaso-occlusive crises (VOCs) can occur in the dental pulp and periodontal tissues, leading to
ischemic pain that can mimic a toothache. [4] This pulpal ischemia can progress to necrosis, even in the absence
of dental caries or trauma, making diagnosis challenging. In some cases, VOCs in the mandible can manifest as
neuropathy of the mental nerve, causing numbness or paresthesia in the lower lip and chin. [5]

Inflammation and Immune Dysregulation: Patients with SCA are in a chronic inflammatory state and have
functional asplenia, making them more susceptible to bacterial infections. [6] This heightened risk extends to the
oral cavity, where poor oral hygiene can rapidly lead to severe periodontal disease and an increased incidence of
dental abscesses.

III.  Specific Oral and Dental Manifestations
3.1. Dental Caries and Periodontal Disease
Studies have reported a higher prevalence of dental caries [7] in children and adults with SCA compared to healthy
controls. [7] This may be attributed to factors such as frequent consumption of sugary medications, decreased
salivary flow, and the physical and financial barriers to accessing regular dental care. Similarly, periodontal
disease is more prevalent and often more severe in individuals with SCA, linked to the underlying inflammatory
state and impaired immune response. [4,7]

3.2. Pulpal and Periapical Pathologies
Asymptomatic pulpal necrosis is a notable finding in patients with SCA. Vaso-occlusion in the pulpal
microvasculature can cause ischemia and infarction of the pulp tissue without any external stimuli. [4] This
condition can be difficult to detect clinically and may only be identified through routine radiographic examination
or when a secondary infection develops.

3.3. Enamel and Dentin Hypomineralization

Defects in enamel and dentin formation have been observed in patients with SCA. Enamel hypomineralization
may be related to systemic disruptions during tooth development, such as high fevers and metabolic stress
associated with crises during childhood. [8] These defects can increase the susceptibility of teeth to caries.

3.4. Delayed Tooth Eruption and Malocclusion

Delayed eruption of both primary and permanent teeth is a common developmental anomaly in children with
SCA. [9] This is often associated with the systemic effects of chronic illness, including growth retardation and
endocrine dysfunction. The expansion of the maxillary bone due to marrow hyperplasia can also lead to maxillary
protrusion and anterior open bite. [3]

3.5. Epidemiology and Clinical Spectrum
Dental caries, periodontitis, enamel hypoplasia, pulp necrosis, and osteomyelitis are all significantly more
prevalent in SCD than in controls.
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Figure 1. Prevalence of selected dental conditions in SCD vs controls.

Prevalence estimates vary across settings but consistently show higher burden in SCD than age-matched
controls. Common presentations include:

Dental caries and pulp necrosis: Often multifactorial enamel defects, diet, and ischemic pulp vulnerability.Dental
caries and pulp necrosis are common oral health issues in sickle cell disease (SCD) due to increased enamel
hypoplasia making teeth more susceptible to decay, as well as potential vaso-occlusion in the dental pulp that
restricts blood flow and causes tissue death. Infections from dental caries can also trigger painful vaso-occlusive
crises, highlighting the need for preventive dental care in SCD patients to avoid serious general health
complications.

Periodontitis and gingivitis: Inflammation aggravated by altered host response, plaque retention, and systemic
inflammation.The link between sickle cell anemia (SCA) and periodontal disease (gingivitis and periodontitis) is
not definitively established and is a subject of ongoing research, with some studies showing increased risk and
others finding no significant association. While some research suggests a link to systemic inflammation in SCA
potentially worsening periodontal disease, findings are inconsistent, potentially due to factors like patient age,
disease severity, and oral hygiene practices.

Enamel hypoplasia/erosion: Developmental or acquired, with sensitivity and esthetic concerns.

Enamel hypoplasia and erosion can affect individuals with sickle cell anemia (SCD), often appearing as localized
defects in the tooth's outer layer. These developmental enamel defects may occur due to chronic illness during
tooth development, potentially increasing susceptibility to dental caries. Managing these issues involves excellent
oral hygiene, regular dental visits, and treatments like topical fluoride and dental sealants to protect the
compromised enamel and prevent decay.

Osteomyelitis of the mandible: Classically in posterior mandible; may follow dental infection or extraction.
Osteomyelitis of the mandible in sickle cell anemia (SCA) is a rare but serious infection of the jawbone, arising
from compromised blood flow and immune function in SCA patients. This increased susceptibility stems from
sickled red blood cells causing vascular occlusion, reducing oxygen to the bone and creating an environment ripe
for bacterial infection, often caused by Staphylococcus aureus or mixed organisms.

Temporomandibular disorders and orofacial pain: Occasionally triggered by vaso-occlusive crises.

Sickle cell disease (SCD) can contribute to temporomandibular disorders (TMD) and orofacial pain through
various complications, such as micro infarcts, ischemia affecting the mandible, and vaso-occlusive crises. Patients
with SCD frequently experience orofacial pain and are more prone to joint complications, including the
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temporomandibular joint (TMJ), which can lead to pain, arthritis, and other issues like mandibular neuropathy or
osteomyelitis. Diagnosis requires differentiating SCD-related complications from typical TMD, and treatment
should involve a multidisciplinary approach considering the patient's overall systemic condition.

3.6. Radiographic Features

Step-ladder trabeculae, marrow space widening, taurodontism, and lamina dura loss are typical radiographic
signs. Osteomyelitis may appear with sequestra formation. Figures[2] and[3] show panoramic and periapical
radiographs illustrating these features.

Figure 2. Panoramic radiograph showing generalized bone loss and taurodontism.

Osteomyelitis sequestrum

Step-ladder trabeculae
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Figure 3. Periapical radiograph with step-ladder trabeculae and osteomyelitis sequestrum.
Radiologic examination is indispensable for diagnosing marrow expansion and complications:

Step-ladder trabeculation: Coarse vertical striations within mandibular molar region due to marrow hyperplasia.
The bone marrow responds to the increased red blood cell destruction by expanding and widening the medullary
spaces. This leads to fewer, but coarser and more prominent trabeculae that align in a stepladder-like arrangement.

Generalized rarefaction and enlarged marrow spaces: Reflect chronic anemia; lamina dura may be attenuated. A
diffuse loss of bone mineral density, making the bones appear more transparent or less dense on X-rays. This
indicates a general thinning of the trabecular (spongy) bone structure.

Taurodontism: Apical displacement of pulpal floor in molars has been reported more frequently in SCD.
Taurodontism is a tooth developmental anomaly where the pulp chamber is enlarged and the root furcation is
displaced apically, resulting in a "bull tooth" shape. It most often affects multi-rooted teeth, especially molars,
and is characterized by a lack of normal constriction at the cemento-enamel junction (CEJ). Taurodontism can
appear as an isolated condition or be associated with various genetic syndromes

Periapical pathology and osteomyelitis: Periapical pathology refers to inflammatory and infectious processes, such
as abscesses or granulomas, at the tip of a tooth's root, which can progress to osteomyelitis, an infection of the
jawbone. Osteomyelitis involves the bone itself and is a more severe condition than periapical lesions,
characterized by bone destruction and often appearing on X-rays as a larger lesion or the presence of dead bone
fragments called sequestra. Both conditions are typically caused by bacterial spread from a tooth infection, but
osteomyelitis involves a more diffuse infection within the bone's medullary spaces. Sequestra and involucrum can
be seen in advanced cases; CBCT delineates extent.

Sinus hypoplasia: Reduced pneumatization in maxillary antra in severe disease.

Representative Images: Panoramic radiograph showing generalized bone loss and taurodontism (Figure[2]);
periapical radiograph with step-ladder trabeculae and osteomyelitis sequestrum (Figure[3]). These are illustrative
teaching images; replace with patient images per ethics approvals.

IV.  Diagnostic and Management Considerations

4.1. Diagnosis

A thorough medical history is paramount. Dental practitioners must be aware of the patient's SCD status,
genotype, history of crises, and current medications. Orofacial pain in a patient with SCA should be carefully
evaluated, considering both odontogenic sources and the possibility of a vaso-occlusive event. [5,6] Radiographic
imaging, including panoramic radiographs and cone-beam computed tomography (CBCT), is essential for
assessing bone patterns, identifying periapical lesions, and evaluating developmental anomalies.

4.2. Clinical Management

Preventive care is the cornerstone of dental management in SCA. This includes rigorous oral hygiene instruction,
dietary counseling, and regular professional cleanings. The use of prophylactic antibiotics should be considered
for invasive dental procedures to mitigate the risk of infection, particularly in patients with a history of bacteremia
or splenic dysfunction. [6]

During a vaso-occlusive crisis, elective dental treatment should be deferred. For emergencies, treatment should
be conservative, focusing on pain management and infection control. Collaboration with the patient's hematologist
is crucial to coordinate care, especially when planning major oral surgery, to minimize the risk of precipitating a
crisis. [2]
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4.3. Impact of Systemic Therapy on Oral Health

Hydroxyurea: Increases HbF and reduces crises; indirect oral benefits include fewer hospitalizations and
infections. Mild mucocutaneous adverse effects are possible; routine dental care is generally safe.

Transfusion programs: Improve oxygen delivery; watch for iron overload (metallic taste, mucosal pigmentation
rarely). Pre-procedure transfusion decisions should be individualized with hematology.

Antibiotics/vaccines: SCD guidelines emphasize pneumococcal and influenza vaccination [10]; dentists should
align prophylaxis with hematology advice and avoid unnecessary antibiotic courses.

AYU-HM Premium : In clinical observations suggest reduced systemic inflammation and better hemoglobin
levels, particularly the significant induction of fetal hemoglobin (HbF) and reduction in HbS, likely contribute to
improved oral microcirculation, reducing the risk of osteomyelitis and periodontal degeneration, which are
prevalent complications in SCD patients.[11]

V. Conclusion

The oral and dental health of individuals with sickle cell anemia is intrinsically linked to the systemic nature of
the disease. Manifestations ranging from developmental anomalies to ischemic events and heightened infection
risk necessitate vigilant and specialized care. A greater awareness among healthcare providers and a
multidisciplinary approach involving dentists, hematologists, and other specialists are essential for improving oral
health and overall quality of life for patients with SCA. Future research should focus on developing targeted
preventive strategies and refining treatment protocols to address the unique dental challenges faced by this
population.
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