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Abstract This study was conducted to investigate the
relationship among radiographic features observed on pano-
ramic radiographs of sickle cell disease patients and analyze
their relationship with history of systemic severity of the
disease. Panoramic radiographs of 71 subjects with sickle
cell disease were evaluated for the presence of the following
radiographic bony alterations: radiopaque areas, increased
spacing of bony trabeculae, horizontal arrangement of bony
trabeculae and corticalization of mandibular canal. History of
clinical systemic severity was assessed through direct
questioning about the frequency of vaso-occlusive crisis,
history of stroke, clinical jaundice, femur head necrosis, and
leg ulceration. Chi-square or Fisher’s exact test were applied
in order to analyze possible associations between radio-
graphic features and history of complications, with p<0.05
significance level. Increased spacing of bony trabeculae was
statistically associated with absence of corticalization of
mandibular canal (p<0.01) and horizontal arrangement of

bony trabeculae (p=0.04). Statistically significant associa-
tions were demonstrated between history of clinical jaundice
and presence of increased spacing of bony trabeculae (p=
0.02) and between history of stroke and presence of
horizontal arrangement of bony trabeculae (p=0.04). Based
on the results of the current study, maxillofacial radiographic
features may be associated with clinical parameters of
systemic complications in sickle cell disease patients. The
relationship between radiographic features and history of
complications associated with clinical severity of sickle cell
disease has not been demonstrated in the literature. Ac-
knowledgment of such possible association may help
establish prognosis and influence clinical treatment of
systemic and oral complications.
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Introduction

Sickle cell disease (SCD) is a genetic hematologic disorder
in which the polymerization of abnormal hemoglobin
(HbS) leads to morphologic alterations in erythrocytes.
Sickle cell anemia (SCA), the most common and severe
form of SCD, is characterized by homozygosis for HbS
(HbSS genotype) [1]. The SC disease (HbSC genotype) is a
milder clinic presentation of SCD, in which abnormal HbC
induces erythrocyte dehydration, facilitating HbS polymer-
ization [2].

Sickle erythrocytes show less flexibility and higher
adherence to endothelium, causing vaso-occlusion in the
microcirculation that can result in tissue ischemia and
infarction [3]. Premature destruction of altered red blood
cells leads to a chronic hemolytic anemia [4]. SCD exhibits
a wide range of severity in systemic manifestations that
include pulmonary hypertension, priapism, leg ulceration,
stroke, vaso-occlusive pain crisis (VOC), acute chest
syndrome and osteonecrosis [5].

SCD is an important cause of osteonecrosis mainly
affecting hips, shoulders and knee [6]. Symptomatic
patients complain of painful and limited motion of the
affected joint. Magnetic resonance imaging (MRI) is
appropriate for the early diagnosis, while advanced disease
may be diagnosed with plain radiographs, which show
mottled attenuation of the epiphysis, subchondral lucent
areas and flattening or collapse of the articular surfaces [7,
8]. This may be followed by narrowing of the joint space,
articular sclerosis and osteophyte formation [9]. Avascular
necrosis of the mandibular condyle was also reported with
similar radiographic features [10, 11]. MRI confirms that
chronic anaemia, including SCA, may cause bone marrow
alterations that may be associated with the progression to
osteonecrosis of the mandibular condyle [12]. Abnormal
skull radiographic findings in sickle cell anaemia include
widening of the diplopic space, thinning of the outer table,
vertical trabeculation (hair-on-end sign) and granular
appearance of the skull [13].

Considering the maxillofacial area, radiographic fea-
tures frequently associated with SCD patients have been
reported, such as increase radiolucency of the jaws due
to the decreased number of trabeculae, coarse trabeculae
pattern, thin inferior border of mandible, distinct areas of
radiopacity, stepladder appearance created in the inter-
dental alveolar bone by horizontal rows of trabeculation
and osteomyelitis [4, 14–22]. Few studies have analyzed
their prevalence among SCD patient and healthy controls
[23–30]. However, to the best of our knowledge, relation-
ship between the presence of radiographic features and
history of complications associated with clinical severity
of SCD has not been demonstrated. Acknowledgment of
such possible association may help establish prognosis

and influence clinical treatment of systemic and oral
complications.

The aims of this study were to investigate the relation-
ship among radiographic features observed on panoramic
radiographs of SCD patients and analyze their relationship
with history of systemic severity of the disease.

Materials and methods

The current study was approved by the Research Ethics
Committee of the School of Dentistry—Federal University
of Bahia, and all volunteers signed free informed consent
terms.

Seventy-one Brazilian subjects with SCD (36 HbSS and
35 HbSC subjects) took part in this study. All subjects had
their hemoglobin condition diagnosed by electrophoresis
examination through high performance liquid chromatog-
raphy (HPLC) method. Presence of other systemic diseases
or use of medications that could affect bone metabolism
were considered as exclusion criteria.

Volunteers were screened from the Laboratory of
Genetics of Professor Edgar Santos University Hospital,
the Foundation of Hematology and Hemotherapy of Bahia
or the Laboratory of Specialized Analysis in Hematology
of School of Pharmacy of Federal University of Bahia.
They were asked to attend the School of Dentistry of
Federal University of Bahia, where panoramic radiographs
were taken complementary examinations to their dental
treatment.

All panoramic radiographs were obtained using the
Rotograph Plus® machine (Vila Sistemi Medicali, Bucci-
nasco, Italy), operating in the following conditions: 60–
75 kV, 10 mA, exposure time of 15 s. After the radiographic
exposure, films were processed manually, following the
manufacturer’s recommendations, with new and fresh
chemical solutions (Kodak-Pathé, Paris, France). The
radiographs were digitized with a scanner device with a
transparency reader (HP Scanjet 4890 Photo Scanner) and
exported in TIFF format, without data compression. Images
with acceptable technical quality, allowing good visualiza-
tion of radiographic features assessed were included in the
study. An oral and maxillofacial radiologist, who had more
than 15 years of experience, evaluated the images with
Image J software version 1.34 s (National Institutes of
Health, Bethesda, MD) on a computer (21-in LCD monitor
with 1,280×1,024 resolution) under dim light conditions
and without prior knowledge of hematological diagnosis,
age or gender of subjects. Task specific filters, “zoom” tool
or any image enhancement were not applied. Images were
re-evaluated after a 4-month interval and intra-observer
agreement was calculated, demonstrating high reproduc-
ibility (kappa index=0.81).
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The radiographic parameters evaluated were based on
previously reported features commonly associated with
SCD [28, 29] and β-thalassaemia major [31], categorized
as follows:

1. Radiopaque areas in jaw bones: homogeneous and
well-defined radiopaque areas, located on the course of
blood vessels or on apical region of teeth (Fig. 1a).

2. Increased spacing of bony trabeculae: decreased tra-
becular bone density and enlarged and locular bone
marrow spaces (Fig. 1b).

3. Horizontalarrangementofbonytrabeculae:trabecularbone
inahorizontalpattern,ina“stepladder”aspect(Fig.1c).

4. Absence of mandibular canal corticalization: Inferior
and superior radiopaque lines of mandibular canal were
not clearly seen (Fig. 1d).

History of clinical systemic severity was assessed
through direct questioning regarding history of potential
complications associated with SCD, such as: frequency of
vaso-occlusive crisis (without episodes or more than 3 years
in steady state, once or twice a year and more than twice a
month), history of stroke, clinical jaundice, femur head
necrosis and leg ulceration.

Chi-square or Fisher’s exact test with p<0.05 signifi-
cance level were applied in order to analyze possible
associations between radiographic features and history of
clinical parameters of disease severity.

Results

The studied group consisted of 44 female (62%) and 27
males (38%). Significant statistical difference was observed

according to gender (p=0.04). The mean age was 34.4
(±11.3), ranging between 18 and 61 years. Radiopaque
areas (42%) and increased spacing of bony trabeculae
(41%) were the most common features, followed by
absence of mandibular canal corticalization (34%) and
horizontal arrangement of bony trabeculae (23%).

Increased spacing of bony trabeculae demonstrated
statistically significant association with the absence of
mandibular canal corticalization and horizontal arrange-
ment of bony trabeculae, but association was not demon-
strated when the presence of radiopaque areas was
analyzed. These data are shown in Table 1.

Association between history of clinical severity and
radiographic features are presented in Table 2. Statistically
significant associations were demonstrated only between
history of jaundice and presence of increased spacing of
bony trabeculae (p=0.02) and between history of stroke
and presence of horizontal arrangement of bony trabeculae
(p=0.04).

Discussion

Although increased spacing of bony trabeculae is not
considered a pathognomonic sign of SCD [14, 23, 25], this
radiographic feature has been frequently described in sickle
subjects [4, 19, 22–24, 32], and may produce bony
expansion of maxilla, increased overjet and spacing of
maxillary incisors [16].

In a previous study, evaluation of intraoral radiographs
of 16 SCA children under 10 years of age demonstrated
occurrence of increased radiolucency of bone and a coarse
trabecular pattern in 100% of the sample, while none of the

Fig. 1 Cropped panoramic radiographs displaying radiographic
features observed in sickle cell disease patients: a. Radiopaque areas
in jaw bones. b. Increased trabecular bone spacing. c. Significant

horizontal arrangement of bony trabeculae. d Absence of mandibular
canal corticalization
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healthy controls presented bony changes [24]. The same
radiographic features were observed in 85% of 80 SCD
individuals (5–40 years), with lower occurrence (50%) in
younger children (5–10 years) and higher (100%) in
adolescents (17–21 years) [23]. Visual examination of
panoramic and periapical radiographs showed decreased
trabecular bone density in 66.7% of SCA patients (16–
40 years) and in none of healthy control subjects [28].

In anterior area of jaws, Fourier and strut analysis of
periapical radiographs revealed increased trabecular spacing
in SCA patients when compared to control individuals [26,
27]. Fractal analysis of panoramic radiographs revealed a
scarcity of trabecular bone of posterior mandible in HbSS
subjects under 20 years old and a high variability of fractal
dimension among SCD subjects when compared to healthy
control individuals. It was suggested that radiographic
differences among SCD patients could be influenced by
disease severity [30]. Furthermore, younger SCD individ-
uals may present significant bony changes when compared
to adults because of their lower adaption to the disease,
higher incidence of crises and higher amounts of red bone
marrow [24].

Increased spacing of bony trabeculae was also a frequent
finding in the present study (41%). This feature was
statistically associated with absence of mandibular canal
corticalization (p<0.01) and horizontal arrangement of
bony trabeculae (p=0.04), pointing to a possible similar
etiology. In SCD patients, premature destruction of eryth-
rocytes and chronic anemia result in increased erythropoi-
esis, causing a compensatory marrow hyperplasia and
thinning of bony trabeculae [22]. Consequently, enlarged
bone marrow spaces are noted, usually as radiolucent areas
between apexes of posterior teeth and inferior margin of the
mandible [19].

According to Mourshed and Tuckson [23], increased
spacing of bone trabeculae is not a specific sign of SCD. In
fact, decrease in bone density may be related to many
different conditions, including loss of teeth, which was not
evaluated in the present study. However, studies have
demonstrated that although such feature may be also found
in healthy patients or in other systemic conditions,
occurrence of increased spacing of bone trabeculae is
significantly more common among SCD patients; thus, it

may be considered a strong indication of the disease [26–
28, 30, 33].

A horizontal trabecular pattern creating “stepladder”
effect between the roots of mandibular molars is frequently
described for SCD patients, mainly in periapical radio-
graphs [19, 21, 23, 32]. Sixteen patients (22.5%) presented
this radiographic feature. Frequencies vary among studies,
ranging from 27.8% to 70% of patients [23, 25, 28].
Different age groups evaluated among studies could
account for the observed divergences in the occurrence of
this feature. Moreover, in the current study, additional
evaluation using periapical radiographs could reveal the
incidence of this radiographic feature with more accuracy.

Bone resorption with enlargement of the marrow spaces
may impair the visualization of two parallel radiopaque
lines adjacent to teeth roots corresponding to the mandib-
ular canal. Although less frequently reported in SCD and in
other hereditary hemolytic anemias, such as β-thalassemia
major [31], impaired visualization of the mandibular canal
is a relevant feature to be considered prior to surgical
intervention in posterior mandible in order to avoid injury
to the inferior dental nerve.

In the present study, SCD patients with increased spacing
of bony trabeculae were significantly associated with
history of clinical jaundice (p=0.02). In SCD, jaundiced
skin and eyes frequently result from hemolytic process due
to release of bilirubin during hemoglobin degradation,
commonly associated with hepatic dysfunction [34, 35].
Since clinical jaundice can be a direct consequence of
hemolysis, it is reasonable to assume that these individuals
develop bone marrow hyperplasia observed in radiographs
as increased spacing of bony trabeculae.

Two distinct subphenotypes are suggested for clinical
systemic complications of SCD. A vasculopathy subphe-
notype related to hemolysis comprises pulmonary hyper-
tension, priapism, leg ulceration and stroke, while a
viscosity-vaso-occlusive subphenotype involves vaso-
occlusive pain crisis, acute chest syndrome and osteonec-
rosis [5]. Despite the small number of evaluated patients,
SCD individuals with horizontal arrangement of bony
trabeculae were significantly associated with history of
stroke (p=0.04), which suggests that these individuals can
be classified in the hemolytic subphenotype.

Table 1 Statistical analysis between increased trabecular spacing and other radiographic features

No increased spacing of bony
trabeculae n=42 (%)

Increased spacing of bony
trabeculae n=29 (%)

p

Radiopaque areas 14 (33.3) 15 (51.7) 0.18

Absence of mandibular canal corticalization 12 (28.6) 17 (58.6) <0.001*

Horizontal arrangement of bony trabeculae 19 (45.2) 10 (34.5) 0.04*

*Statistical significant value
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Radiopacities in the bone are reported in SCD patients,
occurring more commonly in posterior mandible along
vascular canals or apical region of teeth, and reflect a
previous history of bone infarcts [21]. During generalized
sickle cell crises, vaso-occlusive involvement of mandible
of ischemic and aseptic nature can occur, displaying
odontogenic pain or neuropathy [17, 29] and contributing
for dental pulp death [36]. Literature reports few cases of
mandibular infarction [14, 15, 17, 37], probably due to
significant collateral circulation and difficulty in document-
ing infarction in this bone [9]. Kavadia-Tsatala et al. [29]
found 14% of 42 SCA patients with radiopaque areas on
panoramic radiographs that were considered of vaso-
occlusive origin considering symptomatology and absence
of dental lesions or acute infection. In a radiographic
analysis of 80 SCD subjects, Mourshed and Tuckson [23]
referred to the radiopaque areas observed in SCD patients
as reaction to chronic infection and healed infarcts were not
considered. However, the criteria used for this diagnosis
were not presented. In the current study, 42% of the 71
SCD subjects presented radiopaque areas. Specific history
of jaw pain was not registered; thus, definite association of
such radiopaque areas with previous infarcted areas is not
possible. This feature did not show significant association
with higher frequency of vaso-occlusive crises (Table 2) or
any other clinical parameters of systemic severity. Since
infarctions are less common in facial bones [15], it is likely
that in these patients vaso-occlusive crises with major
systemic symptomatology did not affect the mandible. It
may be suggested that radiopaque areas in jaws could be a
consequence of subclinical vaso-occlusions, causing bony
microinfarctions [14]. Identification of infarcted areas is
important, since it is believed that these areas are prone to
develop osteomyelitis due to the lower vascularization [38].

Although maxillofacial bony manifestations are not
uncommon in SCD, they are not well studied in the
literature. Acknowledgment of these radiologic manifesta-
tions, understanding its pathophysiology and relationship
with systemic complications, can expand the contribution
of dentistry in the approach of SCD patients. Based on the
results of the current study, maxillofacial radiographic
features may be associated with clinical parameters of
systemic complications. Large prospective studies involv-
ing clinical and laboratory diagnosis of systemic complica-
tions should be conducted to confirm these results.
Additionally, in order to confirm bony jaw alterations as
radiographic predictors of the disease severity other
imaging techniques, such as MRI, should be evaluated.
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