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Abstract
Sickle cell disease is a congenital autosomal recessive disease. 

The predominant pathophysiological feature is vaso cclusion, which 
leads to acute and chronic complications. Multifocal and silent 
progressive osteonecrosis over the whole skeleton is one of the 
major complications of this disorder, requiring follow-up, prophylaxis, 
and treatment. Bone scintigraphy scanning is widely used, relatively 
inexpensive, well-tolerated, and has an accuracy of over 90%. MRI 
is the gold standard imaging technique, however, it has a higher 
specificity than bone scintigraphy, but it may require contrast dye, 
which could be nephrotoxic, as sickle cell disease nephropathy is 
a common complication in such patients. For screening purposes 
and follow-up of bone integrity, a bone scan can detect silent and 
multifocal osteonecrosis without the need for contrast dye, which 
makes it a safe and necessary tool for bone complication follow-up 
before the osteonecrotic asymptomatic joints develop to advance 
stages without being noticed by the patient.

Sickle Cell Disease
Sickle cell disease (SCD) is a congenital autosomal recessive 

disease characterized by structural abnormality in the beta-globin 
chain of the hemoglobin molecule. Every year approximately 300,000 
children are born with the disease [1]. SCD mutation is a single 
base change (GAT → GTT) in the sixth codon of exon-1 of the beta 
globin gene on chromosome 11. According to this mutation, the 
normal glutamic acid is substituted with valine acid, resulting in 
the formation of hemoglobin (HbS). This amino acid substitution 
changes the hemoglobin S to a “sickle” shape in the deoxygenated 
state. The ability of these sickled cells to adapt to the surroundings is 
impaired, especially in the microvasculature [2]. SCD is characterized 
by chronic hemolytic anemia with numerous clinical consequences. 
It is a well-recognized cause of progressive osteonecrosis of the 
femoral and humeral heads, which causes potential disability [3,4]. 
The predominant pathophysiological feature of SCD is vaso cclusion 
that leads to acute and chronic complications including severe pain 
episodes with dramatic hemolysis, avascular necrosis, acute chest 
syndrome, and stroke. The complications progress to involve multiple 
organs, including the central nervous system, cardiovascular system, 
lung, liver, bone, skin, and kidneys [5]. Nephropathy is a prominent 
complication in SCD [6-8]. The use of contrast dye could affect renal 
integrity and may lead to renal failure [9].

Bone Scintigraphy
Bone scintigraphy (BSc) in SCD is a diagnostic functional 

imaging technique to evaluate the distribution of active bone 
formation in the body. Since it was applied more than 40 years 
ago, BSc has played a significant role in the detection and diagnosis 
of different bone lesions. Following intravenous administration, 
the radionuclide fixes itself to the bone proportionally with bone 
metabolism [10]. The procedure is performed with technetium-99m-
labeled in diphosphonates (99mTc-MDP). The degree of radiotracer 
uptake depends on two factors: blood flow, and more importantly, 
the rate of new bone formation. BSc is one of the most frequently 
performed of all radionuclide procedures [11]. It is widely used, 
relatively cheap, well tolerated and has an accuracy of more than 90% 
[12]. It is useful in scanning osteonecrosis in SCD patients, one of the 
main complications of this disease. BSc shows abnormalities within a 
few days to 2 weeks before the radiographic changes become obvious. 
The preferred way to perform the test is to use a multiphase (three-
phase) method, which assesses the degree of hyperemia (flow phase), 
increased articular permeability (blood pool phase) and the presence 
of unpaired bone metabolism turnover (bone tissue phase) at different 
times [13,14]. BSc is an established diagnostic modality for a variety 
of pathologies involving the skeleton, such as osteomyelitis, bone 
metastases, osteonecrosis, and occult fractures or occult infection. In 
more recently introduced types of instrumentation, the Single Photon 
Emission Computed Tomography (SPECT) localizes abnormalities 
and changes in three dimensions of the entire skeleton [15-17]. It gives 
a positive criterion for osteonecrosis as a cold defect in the femoral 
head [18]. BSc is a non-invasive tool for detection of osteonecrosis 
anywhere in the whole body, even in uncommon sites due to its high 
sensitivity [19]. It is also useful in clinical situations where physical 
examination and x-ray fail to localize the source of pain [20]. BSc can 
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reliably detect areas of infarction in the acute phase. This approach 
was used to show that infarcts in SCD can occur in every bone in the 
body [21]. A radionuclide bone scan usually shows positive results 
within 48 to 72 hours of onset of symptoms [22]. Nuclear imaging 
indicates regions of increased metabolic activity (hot spots) by an 
increased uptake of a radioactive tracer. It is useful in detecting bone 
metastatic disease, osteomyelitis, osteonecrosis, arthritis, and Paget’s 
disease [23]. BSc can examine multiple bones and joints lesions at 
one time on total body imaging to determining whether multiple 
osteonecrosis develops in other parts in the body [24]. The high 
sensitivity of the bone scan for detection of skeletal lesions and the 
ability to image the entire skeleton were maintained in its role in 
oncology imaging [25]. In SCD also, the high sensitivity of a bone 
scan is required to detect bone involvement. In a multicenter study of 
symptomatic multifocal osteonecrosis, various authors suggested that 
a total body BSc may be the most cost-effective means of screening 
for multifocal involvement [26], when the multifocal lesions are not 
recognizable on plain radiography before localized by BSc technology 
[27]. The SCD osteonecrosis could be completely clinically silent [28].

Bone Marrow Scintigraphy in SCD
It is a diagnostic tool for staging several hematological bone 

marrow disorders. It can also be indicated to detect sepsis in bone 

marrow. Bone marrow imaging using radionuclides may be divided 
into three categories: imaging the reticuloendothelial system, imaging 
the erythroid precursor cells, and imaging the myeloid compartment 
in the bone marrow. Two other pathways for imaging the bone 
marrow have recently been developed in research, and applications 
of positron emission tomography (PET) include scans for metabolic 
activity and proliferative activity [29]. The combination of bone 
marrow scintigraphy and immediately sequential skeletal scintigraphy 
has been shown to accurately identify sites of osteomyelitis, location 
and distribution of osteonecrosis, as well as the healing patterns of 
bone marrow infarcts, which may be valuable in SCD treatment and 
management [30]. The overall accuracy of combined leukocyte and 
marrow imaging is approximately 90% [31].

MRI versus BSc 
Magnetic resonance imaging (MRI) in SCD is the gold standard 

to diagnose osteonecrosis [32], but although BSc is less specific it is 
more sensitive than MRI [33]. Osteonecrosis in SCD can be silent 
and multifocal, and will therefore be missed if only MRI was done 
[31]. BSc is safe and requires a small irradiation dose compared 
to other irradiation procedures (Table 1). After injection with 
the radiopharmaceutical material the patient becomes slightly 
radioactive for a short time (Table 2). The BSc irradiation dose is 
4.2 mSv, which is less than what is required for tumors, infections 
and heart scintigraphy. The irradiation exposure becomes hazardous 
after it exceeds 100 mSv per year, which is far from BSc requirements 
[34-36]. One of the most important advantages of BSc is that it does 
not need contrast dye while MRI sometimes requires contrast dye 
to visualize the lesions [37,38]. The contrasts dye is not preferable 
in SCD patients as the renal function is potentially under threat of 
SCD nephropathy [39,40]. If in local radiographs only MRI is applied 
to detect osteonecrosis, there will be a risk of underestimating the 
multifocal osteonecrosis since these patients has silent, painless 
lesions, where the osteonecrosis does not occur at the same time, and 

Exam Effective Dose mSv

Chest (LAT) 0.04

Chest (AP) 0.02

Skull (AP) 0.03

Skull (Lat) 0.01

Pelvis (AP 0.7

Thoracic Spine (AP) 0.4

Lumber (AP) 0.7

Exam Effective Dose mSv

Mammogram (four views) 0.7

Dental (lateral) 0.02

Dental (panoramic) 0.09

DEXA (whole body)  0.0004

Hip   0.8

Hand or Foot  0.005

Abdomen 1.2

Exam Effective Dose mSv

Intravenous Pyelogram (kidneys, six films)  2.5

Barium Swallow (24 images, 106 sec. fluoroscopy)  1.5

Barium Enema (10 images, 137 sec. fluoroscopy) 7

CT Head  2

CT Chest  8

CT Abdomen  10

CT Pelvis  10

Angioplasty (heart study)  7.5  - 57.0

Coronary Angiogram 4.6  - 15.8

 Table 1: Typical effective radiation doses [46].

Effective

Medicine Scan Radiopharmaceutical Dose mSv

Brain (PET) 15 O water 1

Brain (perfusion)                    99m Tc  HMPAO 6.9

Hepatobiliary  (liver flow) 99mTc Sulfur Colloid 2.8

Bone 99m TC MPD 4.2

Lung Perfusion/Ventilation 99m Tc MAA &133Xe 2

Kidney (filtration rate) 99m Tc DTPA 3.6

Kidney (tubular function) 99m Tc MAG3 5.2

Tumor/Infection 67Ga 18.5

Heart (rest) 99mTc sestimibi 6.7

Heart (Stress) 99mTc sestamibi 5.85

Heart Tl chloride  201 11.8

Heart (rest) 99m Tc-tetrofosmin  (Myoview 5.6

Heart (stress) 99m Tctetrofosmin  (Myoview) 5.6

Various PET Studies 18 F FDG  14.0 (1,400) 14

Table 2: Typical effective nuclear medicine doses [46].
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all joints do not become symptomatic at the same time (Figure 1) 
[41,42]. The silent onset of osteonecrosis in SCD, present with mild 
or with non-specific symptoms, could be followed by joint bilateral 
collapsed fractures and lead to the need for total joint replacement 
(Figure 2) [43]. The vast majority of osteonecrotic lesions remain 
silent at follow-up, although collapse can occur many years after 
detection of the lesions [44]. BSc has the advantage of detecting 
abnormalities at multiple sites, but it is unable to quantify the lesions 
for the purpose of prognosis [45].

Conclusion
Sickle cell disease is characterized by multifocal osteonecrosis, 

which leads to many complications as the shoulder and hip joints 
collapse. Osteonecrosis can be entirely asymptomatic. BSc is a 
generalized imaging for the entire skeleton with relatively low 
irradiation. Although MRI is the gold standard for osteonecrosis 
but the total body MRI is rarely available nowadays and the contrast 
dye if required is not preferable to use in sickle cell disease because 
nephropathy is a common complication in these patients. The bone 
scintigraphy advantages make it safe and necessary for sickle cell 
disease bone integrity to localize the osteonecrosis, for more detailed 
study with MRI after locating the lesion. A randomized multicentral 
research study in using BSc in comparison to MRI as screening and 
flow up measures in sickle cell disease could proof the superiority of 
BSc in avoiding the catastrophic bone complications in such patients 
by early diagnosis and treatment of silent osteonecrosis.
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