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Introduction: Sickle cell disease is caused by a point mutation in the -globin gene, resulting in the production of abnormal hemoglobin.
Various oral radiographic changes have been documented in the literature, though they are less frequently reported in patients with severe
disease. This study aimed to evaluate specific radiographic features in pediatric patients with severe sickle cell disease.

Methods: This retrospective comparative study was conducted at the Dental Department of King Faisal Specialist Hospital and Research
Centre. A total of 72 pediatric patients (aged 6—14 years) with genetically confirmed severe sickle cell disease and 96 age-matched healthy
controls were included. Dental radiographs were evaluated by four calibrated examiners for the presence of radiopaque areas, increased
spacing of bony trabeculae, absence of mandibular canal corticalization, faint lamina dura, spiky roots, taurodontism, and haziness of the
maxillary sinuses. Statistical analysis was performed using Chi-square test, with significance set at p < 0.05.

Results: The sickle cell group showed a significantly higher prevalence of increased trabecular spacing (58.3% vs. 19.8%), absence of
mandibular canal corticalization (68.1% vs. 16.7%), faint lamina dura (19.4% vs. 2.1%), taurodontism (15.3% vs. 9.4%), and haziness
of the maxillary sinuses (69.4% vs. 43.8%) (p < 0.05 for all comparisons).

Conclusion: Pediatric patients with severe sickle cell disease demonstrated a higher prevalence of specific radiographic changes,
particularly increased trabecular spacing, loss of mandibular canal corticalization, and haziness of the maxillary sinuses. This study
highlights the importance of recognizing these imaging features in the assessment of disease severity.
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Introduction

Sickle cell disease (SCD) is an inherited hematologic disorder caused by a mutation in the p-globin gene.'* In affected
individuals, glutamic acid is substituted by valine, which will produce a hemoglobin known as hemoglobin S.> Red blood
cells (RBCs) assume a sickle shape due to the presence of poorly soluble hemoglobin.'** The altered RBCs show
a diminished capacity for oxygen transport, potentially leading to a vaso-occlusive crisis, which reduces the lifespan of
RBCs and subsequently decreases hemoglobin levels in the body.*

Sickle Cell Disease is inherited as an autosomal recessive disorder.” People who carry one copy of the affected HbS
allele and one normal HbA allele are asymptomatic and are classified as having Sickle Cell Trait. Conversely, those who
possess two copies of the affected allele (HbSS) are symptomatic and are diagnosed with the disease.® The condition
becomes apparent after the first six months of life, which is attributable to the protective effect provided by elevated
levels of fetal hemoglobin (HbF) during early life stages.*

Approximately 300,000 infants are born annually worldwide with SCD. Among these populations, individuals from
the Middle Eastern, Mediterranean, and Sub-Saharan regions constitute the largest affected groups. Additionally, males
tend to exhibit a more aggressive disease presentation.” Unfortunately, the number of affected individuals has signifi-

cantly increased in recent years.”
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Symptoms of Sickle Cell Disease vary among individuals.” A classic symptom in all affected patients is episodic
severe pain.'’ Additionally, anemia, infections, and fatigue are prevalent among this population.' Patients with SCD also
face other significant complications, such as acute chest syndrome, avascular necrosis, renal failure, Moya-Moya disease,
ischemic or hemorrhagic stroke, and silent cerebral infarction.'*"’

For two decades, Hydroxyurea was the sole approved therapeutic agent for managing Sickle Cell Disease (SCD),
followed by L-glutamine as a prophylactic measure against SCD-related complications.'® Notably, the curative treatment
option for sickle cell disease is hematopoietic stem cell transplantation (HSCT) especially in severe forms. However, not
all patients are suitable candidates for it.'**° Hematopoietic stem cell transplantation (HSCT) is generally reserved for
individuals suffering from severe complications such as stroke, acute chest syndrome, nephropathy, and osteonecrosis.?’
Clinically, many patients with SCD present with various manifestations, including pallor of the mucosa, periodontitis,
delayed tooth eruption, paresthesia of the mental nerve, necrotic pulps, and hypomineralization.?'** Radiographically,
multiple changes have been reported such as hypercementosis, stepladder appearance of the alveolar bone, and increased
trabecular spacing.”'

The aim of this study is to assess oral and maxillofacial radiographic changes in pediatric patients with severe sickle
cell disease. Recognition of these radiographic features may facilitate early identification of disease-related skeletal
involvement, support dental treatment planning, and contribute to the overall medical assessment and multidisciplinary

management of affected patients, particularly in those with advanced disease.

Materials and Methods

This study was designed as a retrospective comparative study. It was conducted in the Dental Department at King Faisal
Specialist Hospital and Research Centre (KFSHRC), Riyadh, Saudi Arabia. This study was conducted in accordance with
the ethical standards of the institutional research committee and with the Declaration of Helsinki and its later amend-
ments. Ethical approval was obtained from the Office of Research Affairs at KFSHRC. The requirement for informed
consent was waived as the study involved a retrospective review of anonymized data without direct patient contact or
intervention. Furthermore, no identifiable information was collected.

The study population recruited pediatric patients aged between 6 and 14 years. A total of 168 patients were included.
The diagnosis of sickle cell disease was confirmed based on documented clinical and hematological criteria in the
patients’ medical records, as established by specialist physicians.

Two groups were included in the study. Group A consisted of medically healthy children with no history of systemic
illness.

Group B was made of patients with confirmed genetic diagnoses of severe SCD who had undergone hematopoietic
stem cell transplantation. Severe SCD was defined as patients requiring hematopoietic stem cell transplantation due to
recurrent vaso-occlusive crises, acute chest syndrome, stroke, or other life-threatening complications.

Inclusion criteria for group A consisted of being medically healthy, aged between six and fourteen years, and
possessing diagnostic radiographs. Exclusion criteria for group A were: Having a confirmed diagnosis of any medical
illness, falling outside the specified age range or not having diagnostic radiographs possibly due to unfavorable behavior
of the child. 96 healthy individuals were recruited for group A.

Inclusion criteria for group B were an age range between six to fourteen years, a confirmed diagnosis of severe form
Sickle Cell Disease (SCD) necessitating bone marrow transplantation, and the availability of diagnostic radiographs.
Patients were excluded if they lacked confirmed diagnoses, fell outside the specified age range, did not undergo bone
marrow transplantation or did not have diagnostic radiographs due to unfavorable behavior of the child.

A total of 93 medical records of SCD patients were reviewed. Of which, 72 met the inclusion criteria. The remaining
21 charts were excluded due to the unavailability of x-rays or the presence of non-diagnostic radiographs.

Radiographic changes were assessed according to predefined criteria adapted from previous literature on SCD-related
maxillofacial changes, including evaluation of trabecular spacing, root morphology, taurodontism, mandibular canal
corticalization, lamina dura, the presence of radiopaque areas and maxillary sinus appearance.

Radiographs were obtained using digital imaging units within the same institution. Patients with sickle cell disease
were imaged in a dedicated clinical setting for medically compromised patients, while healthy controls were imaged in
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a separate clinic. Panoramic radiographs were acquired using Carestream CS 8200 3D and Carestream CS 9300 digital
imaging systems (Carestream Dental, Atlanta, GA, USA) with standardized exposure parameters of approximately 70-75
kV, 8.0 mA, and an exposure time of 11.3 seconds. Periapical radiographs were obtained using a CS 2200 intraoral
imaging unit (Carestream Dental, Atlanta, GA, USA) with exposure settings ranging from 60-70 kV, 7 mA, and
approximately 0.119 seconds exposure time. Comparable digital imaging systems and standardized acquisition protocols
were used across both groups to minimize inter-clinic variability.

Panoramic radiographs were the primary imaging modality used for analysis. When available, supplementary
intraoral radiographs (bitewing and periapical images) were reviewed to provide a more detailed assessment of specific
features, particularly the lamina dura.

All radiographs were evaluated for the following features: presence of radiopaque areas; increased spacing of bony
trabeculae; absence of mandibular canal corticalization; spiky roots; faint lamina dura; taurodontism; and obliteration
(haziness) of the maxillary sinuses. Four examiners performed the radiographic assessment; two were consultant dentists
and the other were senior dental residents. Only images of acceptable diagnostic quality were incorporated into the final
analysis. Radiographs containing artifacts, low resolution, or incomplete anatomical coverage were excluded.

Demographic and radiographic data were extracted, coded, and anonymized prior to performing statistical analysis.
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 26.0 (IBM Corp., Armonk, NY,
USA). Categorical variables were expressed as frequencies and percentages, and comparisons between groups were
conducted using the Chi-square test (x°). A p-value of less than 0.05 was considered statistically significant.

Results
A total of 168 pediatric patients were included in the study: 96 in group A (healthy controls) and 72 in group B (patients
with severe sickle cell disease).

The four examiners re-established intra-examiner reliability after one month. Following that, inter- and intra-examiner
reliability were evaluated using Cohen’s kappa statistics, yielding a kappa value of 0.712, indicating substantial
agreement.

In relation to sex, 57% of patients in group B were females, while 51% of group A were males. The mean age was
10.38 4+ 2.77 years in group B and 10.23 + 2.17 years in group A. Overall, no significant differences in age or sex were
observed between the two groups.

Collectively, analysis of radiographs demonstrated that several radiographic changes were significantly more pre-
valent in patients with SCD compared to controls. (Table 1).

Increased spacing of bony trabeculae was observed in 58.3% of group B compared to 19.8% of group A (x*> = 26.428,
p <0.001). Similarly, absence of mandibular canal corticalization was present in 68.1% of patients in group B compared
to 16.7% of patients in group A (x> = 45.804, p < 0.001). Additionally, obliteration (haziness) of the maxillary sinuses
was also significantly more frequent in group B (69.4%) than in group A (43.8%) (x2 = 10.965, p < 0.001).
Representative radiographic changes are illustrated in Figure 1.

In addition, faint lamina dura was observed in periapical and bitewing x-rays and found to be more frequent among
patients in group B (19.4%) in comparison to group A (2.1%) with a statistical significance (x> = 14.391, p < 0.001).
A representing periapical radiograph demonstrating faint lamina dura is presented in Figure 2.

Moreover, spiky roots were more prevalent in group B (38.9%) when compared to group A (21.9%) with this difference
reaching statistical significance (3> = 5.765, p = 0.016). In contrast, certain findings showed no substantial differences
between the two groups. In this regard, despite the fact that taurodontism was more frequent in group B (15.3%) when
compared to group A (9.4%), the difference was statistically insignificant (x2 =1.367, p = 0.242). Similarly, radiopaque
areas were assessed using panoramic x-rays and were observed in 9.7% of group B and 4.2% of group A without
a significant difference (3> = 2.075, p = 0.150). Additional representative radiographic changes are presented in Figure 3.
Finally, it is worth mentioning that no other changes considered to be related to this disease were observed.
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Table | Distribution of Radiographic Findings in Group A and Group B

Assessment of Radiographic Findings | Group A (Healthy) (n=96) | Group B (SCD) (n=72) | 42 p-value
No % No %

Increased spacing of bony trabeculae

Yes 19 19.8 42 583 26.428

No 77 80.2 30 41.7 p < 0.001

Absence of mandibular canal corticalization

Yes 16 16.7 49 68.1 45.804

No 80 83.3 23 31.9 p < 0.001

Obliteration (haziness) of maxillary sinuses

Yes 42 43.8 50 69.4 10.965

No 54 56.2 22 30.6 p < 0.001

Faint lamina dura

Yes 2 2.1 14 19.4 14.391

No 94 97.9 58 80.6 p <0.001

Spiky roots

Yes 21 21.9 28 38.9 5.765

No 75 87.1 44 6l.1 0.016

Taurodontism

Yes 9 9.4 I 15.3 1.367

No 87 90.6 6l 84.7 0.242

Radiopaque areas

Yes 4 4.2 7 9.7 2.075

No 92 95.8 65 90.3 0.150

Discussion

Sickle cell disease (SCD) encompasses a group of inherited disorders caused by mutations in the HBB gene, which
encodes the p-globin subunit of hemoglobin.?* Every year, an estimated 300,000 infants are born worldwide with SCD.
While approximately 100,000 individuals with SCD reside in the United States, the majority are in sub-Saharan Africa,
India, the Mediterranean region, and the Middle East.” Although the incidence of SCD is not associated with sex
differences, morbidity and mortality rates may differ between males and females.’

A previous retrospective study examined the clinical records of 39 children diagnosed with SCD to investigate sex
disparities across various clinical features, including acute manifestations and long-term complications. They reported
higher morbidity rates among male patients.” Similarly, another study with comparable findings was undertaken among
patients aged 14 years and older has revealed that males were more frequently admitted to stabilization units for pain
management. Notably, older males appeared to experience less severe symptoms.>> However, contrasting results have
been reported in a study at a Yemeni hospital. The study recruited 102 children under the age of 16, of whom 56 were
males. Interestingly, the prevalence of severe symptoms was higher in females and increased with older ages.?®
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Figure | Panoramic radiograph of a pediatric patient with severe sickle cell disease demonstrating haziness of the maxillary sinuses, increased spacing of bony trabeculae,
and absence of mandibular canal corticalization. White arrows indicate representative areas of interest.

In our study, all patients exhibited a severe clinical course that ultimately necessitated bone marrow transplantation.
Among them, females represented a slightly higher proportion (57%). Additionally, two-thirds of the participants fell
within the 10—14-year age group. For the radiographic findings, sex and age, no significant difference was found between
age in years and the findings of interest in groups A and B. Similarly, no significant difference was found between sex
and radiographic findings in both groups.

This study demonstrated a greater prevalence of widened bony trabecular spacing in 58.3% of the affected group
(group B), compared to only 19.8% within the control group (group A). Similarly, a prior study reported that 70% of
patients diagnosed with sickle cell anemia displayed a “stepladder” trabecular pattern, characterized by widened marrow
spaces.”’ Furthermore, another study involving 71 patients with sickle cell disease found a significantly higher incidence
of increased spacing of bony trabeculae in the affected group compared to the control group.>® This observation may be
attributed to erythroblastic hyperplasia and medullary hypertrophy, which result in the loss of trabeculac and the
expansion of marrow spaces.””*®

Furthermore, our study found that 68.1% of subjects within the affected group (group B) exhibited the absence of
mandibular canal corticalization, in contrast to 16.7% within the control group (group A).

Similarly, a study conducted by Neves and coworkers evaluated panoramic radiographs of patients with sickle cell
disease, reported a significantly higher prevalence of absent mandibular canal corticalization in the affected group.”
Further analysis by Neves and colleagues suggested a correlation between the severity of sickle cell disease and the
absence of corticalization of the mandibular canal.>® This observation was consistent with our study as all the subjects
presented with severe forms of sickle cell disease, which ultimately required bone marrow transplantation. It is
noteworthy that absent corticalization of the mandibular canal may reflect marrow hyperplasia and cortical bone
remodeling associated with chronic anemia.*®

Of particular relevance in numerous studies was the presence of radiopaque areas.®' In a study conducted by Neves
and coworkers, an increased incidence of radiopaque areas within the jaws of SCD patients was reported.”

This finding was of particular importance because the presence of radiopaque regions has been attributed to bony
infarctions due to less blood supply.>? However, in our study most of the affected individuals in group B did not exhibit
this finding (90.3%). Furthermore, there was no statistically significant difference between the two groups.
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Figure 3 Panoramic radiograph of a pediatric patient with severe sickle cell disease demonstrating taurodontism, spiky roots and radiopaque areas. White arrows indicate
representative areas of interest.
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This lack of statistical significance may be explained by variability in disease expression and the possibility that such
radiographic changes occur intermittently or at different stages of the disease, which may limit their detection in
retrospective radiographic assessments.

In a related vein, changes in tooth formation have also been documented in patients suffering from SCD.** Enamel,
dentin, and cementum formation generally follow analogous processes. Any disruptions at any stage of odontogenesis
may result in permanent tooth defects, whether it was systemic or localized.** Notably, reports have documented
occurrences of hypomineralization and hypomaturation in both enamel and dentin among patients with SCD.*> In our
study, spiky roots were slightly more prevalent in group B (38.9%) than in group A (21.9%). In this context, another
study compared dental and bony changes in the jaws of patients with sickle cell anemia and those with sickle cell trait.
The study found that the most common dental changes in the sickle cell anemia group included pulp calcification, partial
or complete loss of lamina dura, and external root resorption. In contrast, the sickle cell trait group exhibited more
frequent changes in root size, shape, and periapical areas, including spiky roots. However, both homozygous and
heterozygous patients showed alterations in their jawbones.>®

As a further point, our study documented a 19.4% incidence of lamina dura loss in group B in comparison to 2% in
the group A. Significantly, this could be attributed to local factors associated with periodontal disease in patients with
inherited blood disorder.’” It was found that poor oral hygiene, malocclusion, and drying of the gingival tissues due to lip
incompetence may contribute to the higher prevalence of periodontal disease in individuals with blood disorders.
Additionally, chronic anemia has been shown to further complicate the condition.*”

From a related perspective, taurodontism was observed more commonly in patients with SCD when compared to
control groups.®® It is generally believed that taurodontism arises from the failure of Hertwig’s epithelial root sheath to
invaginate at the appropriate horizontal level.* In this regard, individuals presenting with more severe forms of
taurodontism have been found to exhibit chromosomal changes more frequently.*” However, in our study the incidence
of taurodontism was 15.3% in group B and 9.4% in group A which was not statistically significant.

This finding may be attributed to the multifactorial nature of taurodontism, which is not specific to sickle cell disease
and may also occur in the general population. Additionally, the relatively limited sample size and variability in its
expression may have reduced the ability to detect a statistically significant difference.

Of particular relevance is another observation of maxillary sinus obliteration which could be attributed to bone
marrow hyperplasia.*' It was found that greater sino-nasal morbidity and a broader spectrum of dysfunction have been
associated with hemoglobinopathies.** With respect to these findings, affected patients are generally more susceptible to
infections such as chronic sinusitis.*> Moreover, an increased incidence of sinus infections has been observed following
bone marrow transplantation due to treatment-induced immunosuppression.** Consistent with previous information, our
study has reported 69.4% maxillary sinus obliteration in the affected group.

In conclusion, the oral radiographic changes associated with SCD are often underappreciated. Furthermore, there is
limited evidence in the literature linking oral radiographic characteristics to the severity of SCD. Recognizing such
a potential connection could improve prognostic assessment and clinical management of both oral and systemic
complications in SCD patients.

This study is a well-characterized pediatric cohort which has assessed a range of variables providing valuable insights
into these changes. All the findings were observed in patients with severe forms of SCD who ultimately required bone
marrow transplantation. Additionally, the comparative nature of the present study, as opposed to descriptive ones, adds
strength to the results.

Collectively, the radiographic alterations observed in this study appear to reflect the cumulative skeletal effects of
severe sickle cell disease. Chronic anemia, marrow hyperplasia, and recurrent vaso-occlusive events may contribute to
trabecular remodeling, cortical alterations, and changes in bone density within the craniofacial region. These underlying
processes likely account for the spectrum of radiographic findings identified in the affected group.

Notably, the findings of the present study have important implications for oral prognosis and clinical management in pediatric
patients with SCD. The observed radiographic features, including increased trabeculation and spiky root morphology, likely
reflect underlying bone marrow hyperplasia and may indicate altered bone quality, which could influence dental procedures such
as extractions and healing capacity. Taurodontism may pose challenges during endodontic treatment, while maxillary sinus
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haziness may suggest underlying inflammatory changes requiring careful assessment. Furthermore, loss of mandibular canal
corticalization may increase the risk of neurovascular complications during surgical interventions. The presence of radiopaque
areas may indicate regions of sclerosis or previous bone infarction, reflecting chronic or severe disease involvement, whereas
their absence may suggest less advanced osseous changes. Collectively, these findings highlight the importance of careful
radiographic evaluation and emphasize the need for a cautious, individualized approach to dental treatment and follow-up in this
patient population. Early recognition of these features may contribute to improved treatment planning and better long-term oral
outcomes. As a limitation, detailed clinical dental parameters, such as tooth loss, restorative status, and occlusal characteristics,
were not included in the analysis, as the primary objective of this study was to assess radiographic features on imaging.

Conclusion

This study demonstrated a significantly higher prevalence of specific oral and maxillofacial radiographic changes in
pediatric patients with severe sickle cell disease compared to healthy controls. These findings included increased
trabecular spacing, absence of mandibular canal corticalization, faint lamina dura, and haziness of the maxillary sinuses,
with taurodontism and radiopaque areas observed to a lesser extent.

These radiographic alterations likely reflect underlying hematologic changes and marrow hyperplasia associated with
severe disease. The findings highlight the importance of dental radiographic evaluation in the early identification and
clinical management of oral manifestations in pediatric patients with severe sickle cell disease. Further studies are
recommended to evaluate these findings across different disease severities and broader populations.
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