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Abstract 
Introduction: Sickle cell disease is a genetic disorder in which one of the mus-
culoskeletal manifestations is osteonecrosis, which preferentially affects the 
femoral head. However, damage to the mandibular bone has been reported in 
the literature. This study aimed to investigate bone changes in the mandible of 
children with SS sickle cell disease. Method: A case-control study was con-
ducted on 100 children aged 5 to 15 years. Cases were children with SS sickle 
cell disease and controls were children without sickle cell disease. Bone 
changes were studied using radiographic variables: radiographic zones, decor-
ticalisation of the mandibular canal, and mandibular cortical index. The Chi2 
and Fisher tests were used to compare the distribution of the variables of in-
terest between the groups. Results: The study population was made up of 55% 
boys and the mean age was 10.01 ± 2.86 years. There was a significant differ-
ence in the distribution of the presence of a radiolucent area of the mandibular 
body (p < 0.001) between the groups (46% versus 2%) and of the apex (p < 
0.001) between the groups (54% versus 4%). In addition, almost 1/3 of the 
children (28%) had a radio-opaque area at the apex (25% versus 3%) and one 
child in 10 in the sickle cell group had a radio-opaque area of the mandibular 
body. The distribution of the presence of decortication of the mandibular ca-
nal was significantly different (p < 0.001) between cases (54%) and controls 
(6%). Conclusion: The study revealed significant radiographic bone changes 
in children with sickle cell disease. Thus, dental radiography may be a diag-
nostic tool of choice for sickle cell disease in children.  
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1. Introduction 

Sickle cell disease is an inherited hemoglobin disorder characterized by chronic 
hemolytic anemia, increased susceptibility to infection, damage to vital organs, 
and intermittent episodes of vascular occlusion, causing both acute and chronic 
pain [1]. According to the WHO, almost 5% of the world’s population carries a 
gene responsible for a hemoglobin anomaly [2]. The majority of people with this 
disease live in black Africa, with prevalence rates ranging from 10% to 40% [3]. It 
poses a major public health problem in developing countries. In Senegal, one per-
son in ten, regardless of ethnicity, geographical origin, or social class, carries the 
sickle cell gene. The majority have inherited the disease from only one parent and 
show no signs of it. These are the carriers of the sickle cell trait (SCT). However, 
their union produces children with homozygous sickle cell disease (SS), with a 
25% risk in each pregnancy. As a result, the prevalence of sickle cell disease is 
rising steadily; around 1700 children are born with sickle cell disease in Senegal 
every year [4]. In the absence of appropriate management of this form of SS, 50% 
of children die before the age of 5. Sickle cell patients are more susceptible to in-
fections, which, along with vaso-occlusive accidents and worsening of chronic 
anemia, are among the complications, sometimes serious, that can affect most or-
gans. Bone tissue damage is widespread in sickle cell disease, with 27% of children 
and 41% of adults affected by osteonecrosis. It is linked to the compensatory ex-
pansion of the bone marrow and is systematically manifested by the expansion of 
bone loss. The remaining trabeculae are then spaced to compensate for the bone 
loss [5]. Although damage to the femoral head is the most common, damage to 
the bones of the face and mandible has also been widely documented [6]. Radio-
graphically, these changes are manifested by a reduction in bone density and the 
spacing of residual trabeculae. Other changes reported in the maxilla include ra-
diopaque and radiolucent areas [6]. Today, with the advent of digital radiography, 
dentists can analyze bone and tooth characteristics to detect early or subtle man-
ifestations of the disease. Digital dental X-rays provide images of basal and alveo-
lar bone at relatively high spatial resolution. In addition, because of the potential 
of panoramic radiography to provide a horseshoe-shaped image of the entire man-
dible and maxilla, unrolled on film from one mandibular condyle to the other, it 
is the examination of the first choice for radiological exploration of the facial mass 
[7]. To the best of our knowledge, several studies published on sickle cell disease 
throughout the world, particularly in Senegal, have focused for the most part on 
infections in general. However, few studies have focused on bone changes in the 
mandible, particularly in children [7]. Since radiology is a widely used diagnostic 
tool in dentistry, it may enable early detection of bone changes that point towards 
a diagnosis of sickle cell disease. 

Given the possible bone changes in the mandible during sickle cell disease, what 
is the possible role of dental radiology in assessing these changes for the early di-
agnosis of SS sickle cell disease in children? 

This study aimed to investigate bone changes in the mandible associated with 
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SS sickle cell disease in a Senegalese juvenile population. 

2. Materials and Methods 

This was a comparative study, with the study population consisting of “healthy” 
sickle cell and non-sickle cell children aged between 5 and 15 years. 

Two groups were set up: a case group made up of subjects with SS sickle cell 
disease and a control group made up of non-sickle cell disease or "healthy" sub-
jects. The study took place at the pediatric odontology department of the Albert 
Royer National Children’s hospital and at the pediatric odontology clinic of the 
Institut d’Odontostomatologie. 

The following eligibility criteria were defined for the selection of the two 
groups. 
• Case group 

The following subjects have been selected: 
– sickle cell disease with the SS form; 
– with usable panoramic radiographs; 
– who agreed to take part in the study through parental consent. 

• Control group 
The subjects are selected from patients: 
– who came to the pediatric odontology department of the Albert Royer Na-

tional Children’s hospital and the IOS Paediatric Odontology Clinic for oral 
care and who required a panoramic radiograph to complement the clinical 
examination; 

– who had no sickle cell gene; 
– who had agreed to participate in the study through informed parental con-

sent; 
– who did not suffer from general or bone diseases? 
Subjects who did not meet these criteria were not included. 
The control group was matched on age. 
Sampling was systematic and non-probabilistic. All subjects attending the pe-

diatric odontology department of the Albert Royer National Children’s Hospital 
and the IOS pediatric odontology clinic, and who met the previously established 
selection criteria, were selected. 

The size was calculated according to the Schwartz formula: n = (εα)2pq/I2 which 
is used in cross-sectional studies where εα = reduced deviation = 1.96; p = pro-
portion prevalence of SS sickle cell children is = 10%; q = the complement = 90%; 
I = precision = 8%. These parameters gave a sample size of 35. To increase power, 
we increased the sample size to 50, bringing it to 100 for the 2 groups. 

– The variables studied were sociodemographic and radiographic characteris-
tics: 
o The socio-demographic variables were age, expressed as several years, 

and sex, which is a dichotomous variable (girl/boy). 
o The radiographic variables were radiographic changes to the mandible 
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and bone density. The radiographic changes concerned radiolucent ar-
eas, radiopaque areas and decorticalisation of the mandibular canal 
(Figure 1). 

They are classified as follows: 
– Radiolucent areas: homogeneous, well-defined dark areas located along the 

body of the mandible or in the apical region of the teeth (Figure 2). 
– Radiopaque areas: well-defined, homogeneous areas located along the body 

of the mandible or in the apical region of the teeth. 
– Decorticalisation or absence of corticalisation of the mandibular canal: the 

upper and lower radiopaque lines bordering the mandibular canal are not 
visible. 

 

 
Figure 1. Cropped panoramic radiograph showing bone changes in sickle cell patients [13]. 
a. Radiopaque area; b. Spacing of bone trabeculae; c. Horizontal arrangement of bone tra-
beculae; d. Absence of corticalization of the mandibular canal. 

 

 

Figure 2. Panoramic radiograph of a sickle cell patient showing radiolucent areas. A pan-
oramic radiograph of a 12-year-old child with sickle cell disease. The red arrows represent 
radiolucent images at the apical level of the teeth. 
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Data were collected from radiographs taken on the selected patients. The ex-
amination was carried out using a Carestream CS 9600 radiography machine. X-
rays were taken by an experienced radiology technician to reduce image distortion 
to as much as possible, by the manufacturer’s protocol. The images were viewed 
directly on the computer screen using the image-reading software, CS 3D imag-
ing®, version 8. 

The radiographs were analyzed by two examiners, a dental surgeon specializing 
in dentomaxillofacial radiology and a pediatric dentist. This study was approved 
by the university’s local study committee. Anonymity and personal data protec-
tion rules were respected. 

Data Analysis and Processing 

Data collection and statistical analysis were carried out using Jamovi 2.3.28. Re-
sults for categorical variables are expressed as percentages and quantitative varia-
bles as means ± standard deviation. The Chi2 test or the Fischer test was used to 
estimate the association between the qualitative variables. The significance level 
was set at a p-value of less than 0.05. 

3. Results 

The study population is 55% boys and 45% girls. The average age of the study 
population was 10.01 ± 2.86 years. 

A quarter of the children had a clear radiolucent area of the body of the man-
dible. In children with sickle cell disease, this represented 46% (n = 24) and 2% (n 
= 1) in children without sickle cell disease, with a statistically significant difference 
(p < 0.001) (Table 1). There was no significant difference according to sex (p= 
0.966). 

 
Table 1. Radioclar zones of the mandibular body. 

Sickle cell disease 
Radioclar zones of the mandibular body 

p 
yes n (%) no n (%) 

yes n (%) 24 (48) 26 (52) 

<0.001 no n (%) 1 (2) 49 (98) 

total n (%) 25 (25) 75 (75) 

Difference table showing an association with the fisher test between ss sickle cell disease 
and radiolucent images of the mandibular body. 

 

Less than 1/3 (29%) of the children had a clear radiolucent area at the apex. Of 
these, 54% were sickle cell patients compared with 4% of non-sickle cell patients, 
with a significant difference (p < 0.001) (Table 2). There was no significant dif-
ference according to sex (p = 0.744). One in 10 children with sickle cell disease 
had a radio-opaque area of the mandibular body, compared with none in children 
without sickle cell disease, with no significant difference (p = 0.052) (Table 3). 
Almost 1/3 of children (28%) had a radio-opaque area at the apex, with a statisti-
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cally significant difference (p < 0.001). There was no significant difference accord-
ing to sex. Decortication of the mandibular canal was observed in almost one child 
in three (30%). In children with sickle cell disease, more than one child in two (56%) 
had this condition, compared with 6% in children without sickle cell disease, with 
a significant difference (p < 0.001) (Table 4). 

 
Table 2. Radiopaque area. 

Sickle cell disease 
Radiopaque area 

Total 
yes no 

yes n 5 45 50 
 % 10 90 100 

no n - 50 50 
 % - 100 100 

Total n 5 95 100 
 % 5 95 100 

p <  0.001 difference table showing an association with the fisher test between ss sickle cell 
disease and radiopaque images of the mandibular body. 

 
Table 3. Distribution of radiolucent areas in the dental apexes. 

Sickle cell disease 
Radiolucent areas in the dental apexes 

Total 
yes no 

yes 27 23 50 

no 2 48 50 

Total 29 71 100 

p <  0.001 difference table showing an association with the fisher test between ss sickle cell 
disease and radiolucent images of the dental apexes. 

 
Table 4. Absence of corticalization of the mandibular canal. 

Sickle cell disease 
Absence of verticalization 

Total 
yes no 

yes n 27 23 50 
 % 54 46 100 

no n 3 47 50 
 % 6 94 100 

Total n 30 70 100 
 % 30 70 100 

p <  0.001. 

4. Discussion 

Changes in bone microarchitecture and bone development were assessed using 
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digital panoramic radiography. The results indicate that sickle cell disease causes 
bone loss and anatomical changes irrespective of the sex of the child. The mean 
age of the entire study population was 10.01 ± 2.86 years. Apart from systematic 
neonatal screening, sickle cell disease is rarely diagnosed before the age of 2 years. 
In our setting, the early discovery of sickle cell disease depends on how early the 
warning signs are 

The results compiled showed that a quarter of children had a radiolucent area 
of the body of the mandible (representing 46% in children with sickle cell anemia 
compared with 2% in children without sickle cell anemia) and less than 1/3 (29%) 
of children had a radiolucent area at the apex (with 54% in children with sickle 
cell anemia compared with 4% in children without sickle cell anemia). 

An increased number of radiolucent areas due to alterations in the trabecular 
bone of SS sickle cell patients has been reported in the literature [5] [8]-[13]. 
Erythroid hyperplasia in sickle cell disease causes trabecular destruction leading 
to low bone density. Fourier digital analysis of dental radiographs is an effective 
method of identifying individuals with sickle cell disease [14]. Radiographically, 
these changes appear as radiolucent areas usually seen between the apices of pos-
terior teeth and the lower mandibular margin [15]. 

The results of the study also revealed that one in 10 children with sickle cell 
disease had a radio-opaque area of the body of the mandible, compared with none 
in children without sickle cell disease, and almost 1/3 of children (28%) had a 
radio-opaque area at the apex, with a statistically significant difference (p < 0.001). 

Bone changes in the acute phase are not usually seen on conventional radio-
graphs. After a few months, as a result of decalcification, well-defined radiolucent 
areas may appear, which may be surrounded by an osteocondensing border [15]. 
Subsequently, radio opacities linked to the formation of sclerotic bone may also 
be observed [15]. The mandible is the site most affected, with a preferential loca-
tion along the vascular canals or dental apices [15]. Dental and facial pain, with a 
wider range of severity, is frequently associated with the process of bone infarct 
formation. A panoramic radiograph cannot confirm the diagnosis of a bone in-
farction during the acute phase. However, in a study of 71 subjects with sickle cell 
disease and 52 control subjects, radiopaque areas were observed in 30 subjects 
with sickle cell disease compared with 7 control subjects, with statistically signifi-
cant differences between the sickle cell disease subjects and the control group [13]. 
The posterior region of the mandible was the most frequent location, corroborat-
ing the results of previous studies [13] [14]. However, this finding should be in-
terpreted with caution because, when using panoramic radiographs, it is difficult 
to distinguish between different radiopaque changes, such as dense bone islands 
and salivary lithiasis of the submandibular and sublingual glands [13]. Further 
investigations may be necessary to establish a differential diagnosis, such as pulp 
vitality tests to exclude condensed osteitis and occlusal radiographs. Changes in 
the periosteum and adjacent soft tissues may also be present, making it difficult 
to make a differential diagnosis from osteomyelitis [3] [5] [7]. 
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The results showed that decortication of the mandibular canal was observed in 
almost one child in 3 (30%) and that children with sickle cell disease had more 
damage to the upper (54% compared with 16%) and lower (50% compared with 
12%) walls of the mandibular canal than children without sickle cell disease. 

The mandibular canal is usually observed on panoramic radiographs as a radi-
olucent band defined by two parallel radiopaque lines corresponding to its upper 
and lower cortical limits. Hazza et al. [15], in a study of 54 panoramic radiographs 
of subjects with sickle cell disease, found no mandibular canal cortex in 82% of 
these subjects compared with 8% of their controls. The work of Neves et al. [6] 
[13] showed the absence of mandibular canal corticalisation to be more prevalent 
in SS sickle cell patients. Although considerable variation in mandibular canal 
corticalization would be expected, the differences may be related to decreased 
bone mineral mass and increased bone trabecular spacing in SS patients. 

5. Conclusion 

Analysis of the results opens up definite prospects, particularly for the early de-
tection of osteoporotic changes in subjects with SS sickle cell disease and better 
management of the latter. In countries south of the Sahara, including Senegal, 
where the disease is a major public health problem, radiological diagnosis, in par-
ticular panoramic radiography, must be integrated, especially in the current mul-
tidisciplinary context of management of sickle cell disease patients. A study of 
bone density by fractal dimension would provide further confirmation of the ra-
diographic changes in the mandible associated with sickle cell disease. 
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