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Sickle cell disease results from a 
single gene mutation that causes 
an amino acid substitution on the 

β globin chain of hemoglobin A. This 
abnormal form of hemoglobin, called 
Hb S, aggregates into long chains when 
deoxygenated.1 These aggregated he-
moglobin chains irreversibly deform 
erythrocytes into a sickle shape. Sick-
led red cells can cause microvascular 
occlusion, leading to tissue ischemia 
and infarction. Additionally, hemolytic 
anemia results from the breakdown of 
the abnormal sickle cells by the retic-
uloendothelial system. The sickle cell 
gene mutation is inherited in an autoso-
mal recessive pattern. Patients who are 
homozygous for Hb S have the most 
severe disease manifestation, termed 
sickle cell anemia. Patients who are 
heterozygous, with one Hb S gene and 
one normal Hb A gene, termed sickle 
cell trait, usually do not have signifi-
cant disease. Sickle cell anemia occurs 
most commonly in patients of African 
origin and affects approximately 0.2% 
of African Americans. The multiple 
complications of sickle cell anemia that 
involve the skeletal system are related 
to both microvascular occlusion and 

the consequences of prolonged anemia. 
This article reviews the presentation of 
these complications on radiographs and 
magnetic resonance imaging (MRI).

Bone Infarction
Bone infarction results from micro-

vascular stasis or occlusion by sickled 
red blood cells, with subsequent isch-
emic and hypoxia. The tissue hypoxia 
then induces further erythrocyte sick-
ling. Bone infarctions are typically 
seen in the medullary cavities and 
epiphyses of the long bones.2 They are 
usually painful but may be silent and 
discovered incidentally. Radiographs 
are initially negative, but eventually a 
centrally lucent, peripherally sclerotic 
area with serpiginous borders becomes 
evident. On MRI, the signal in the cen-
ter of the infarction usually resembles 
that of normal marrow (Figure 1).3 
Acutely, an ill-defined area of high sig-
nal may be present, and the peripheral 
borders may enhance. Over time, a low 
T1 serpiginous rim develops. The “dou-
ble-line sign” represents T2 hyperin-
tense granulation tissue adjacent to dark 
T2 signal reflecting sclerosis (Figure 1).

Osteonecrosis
Osteonecrosis, or avascular necro-

sis, refers to infarction and necrosis of 
subchondral bone. This occurs through 
the same microvascular occlusion 

mechanism as marrow infarction, but 
the subchondral location can result in 
greater morbidity owing to its effect on 
the adjacent joint. Osteonecrosis is most 
common in the femoral head, likely a 
result of increased mechanical pressure 
related to weight bearing.4 On MRI, the 
early findings are related to bone mar-
row edema. The “double-line sign” may 
develop as necrosis progresses (Figure 
2). Early radiographic signs include 
lucency or sclerosis within the epiph-
ysis. Subsequently, a crescent-shaped 
lucency develops deep to the necrotic 
bone, and then depression of the artic-
ular surface with collapse and fragmen-
tation can occur (Figure 2). Secondary 
osteoarthritis usually develops follow-
ing subchondral bone collapse.

Vertebral Changes
Vertebral endplate infarction causes 

cortical thinning and softening of the 
bone. The intervertebral disks can 
then compress the weakened end-
plates, giving the vertebral bodies a 
biconcave or H-shaped appearance 
(Figure 3).5 Bone marrow expansion 
secondary to increased production 
of red cells also contributes to thin-
ning of cortical bone and osteopenia, 
owing to thinning of the trabeculae.6  

This weakening of the bone can result 
in vertebral body compression or col-
lapse, with resultant kyphosis.
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Dactylitis
Infarction of small tubular bones of 

the hands and feet in children causes 
dactylitis, also referred to as hand-
foot syndrome. This is most common 
between 6 months and 6 years of age, 
when red marrow is most abundant in 
the small bones.7 Dactylitis is rare in 
patients over 6 years, secondary to re-
gression of red marrow in these areas. 
This syndrome occurs in half of chil-

dren with sickle cell anemia. The child 
will present with tender and swollen 
hands or feet and fever. On radio-
graphs, there is patchy lucency with 
periosteal reaction early in the process 
(Figure 4), followed by sclerosis with 
possible bone destruction and defor-
mity over time. MRI will show osse-
ous and soft-tissue edema and contrast 
enhancement (Figure 4), along with 
periosteal reaction.

FIGURE 1. Bone infarction. (A) Coronal T1 image of the knee demonstrates a bone infarction 
in the lateral femoral condyle. Signal intensity is similar to normal marrow in the center of the 
infarct, with a peripheral rim of low signal reactive tissue and sclerosis (arrow). (B) Sagittal 
proton density, fat-suppressed image of the same knee demonstrates a rim of hyperintense 
granulation tissue along the periphery of the infarct (arrow).
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FIGURE 2. Osteonecrosis. (A) Coronal proton density, fat-suppressed image of the hip shows 
a large area of femoral head osteonecrosis. The necrotic bone is low in signal intensity, with 
hyperintense granulation tissue along the periphery (arrow). (B) Frog-leg lateral radiograph 
of the same hip shows femoral head sclerosis, with a crescentic lucency underlying the sub-
chondral bone of the superior femoral head (arrow).

FIGURE 3. Vertebral changes. (A) Sagittal 
CT image of the lumbar spine demonstrates 
diffuse bony sclerosis, with biconcave (red 
arrows) and H-shaped (yellow arrow) verte-
bral bodies. (B) Coronal CT image shows a 
classic H-shaped vertebral body (arrow).
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Salmonella Osteomyelitis
Osteomyelitis due to salmonella oc-

curs with high frequency in sickle cell 
patients, with an estimated relative risk 
of at least 200 times the general popu-
lation.8 This is thought to be secondary 
to a combination of hyposplenism from 
splenic autoinfarction, a more favor-
able culture medium owing to bone in-
farction/necrosis and multiple hospital 
admissions with subsequent exposure 
to more pathogens. Salmonella osteo-
myelitis usually affects the long bones, 

with clinical features similar to acute 
bone infarction. Multiple serotypes of 
Salmonella have been implicated, and 
blood cultures will be positive for Sal-
monella species in approximately 50% 
of patients. The radiographic features are 
nonspecific and may be normal initially. 
Potential radiographic findings include 
periosteal reaction, regional osteopenia, 
sclerosis, and cortical destruction (Fig-
ure 5). MRI can show changes before 
they are evident on radiographs, includ-
ing marrow edema, fluid collection/

abscess, and abnormal marrow contrast 
enhancement (Figure 5). 

Vertebral Osteomyelitis/Discitis
Vertebral osteomyelitis and discitis 

also occur with increased frequency in 
sickle cell patients. The most common 
causative agents are Staphylococcus and 
Salmonella species.9 Radiographs are 
often negative, particularly in the early 
stage of the infection. Osteopenia of the 
affected vertebrae may be present, possi-
bly with disc space narrowing. On MRI, 
edema of the affected vertebra may be 
evident, along with low T1 marrow sig-
nal  and contrast enhancement (Figure 
6). Contrast administration and fat supr-
ression will also highlight paraspinal and 
epidural abscesses (Figure 6).

Red Marrow Reconversion
Hemolytic anemia increases demand 

for red blood cell production, which 
leads to recruitment of hematopoietic 
red marrow.10 Constant stimulation of 
red blood cell production also leads to 
widening of medullary spaces and thin-
ning of the cortical bone. This marrow 
expansion can contribute to osteopenia. 
On MRI, red marrow signal intensity is 
lower than yellow marrow on T1 (Fig-
ure 7) and mildly hyperintense on T2. 
Red marrow reconversion is seen where 
there is usually fatty yellow marrow in 
an adult, including the axial skeleton 
and the epiphyses of the long bones.  
Red marrow is usually hyperintense 

FIGURE 4. Dactylitis. (A) Radiograph of the foot shows sclerosis of the first metatarsal and periosteal reaction along the fifth metatarsal (arrow). 
(B) Sagittal T1 fat-suppressed image with contrast of the same foot demonstrates extensive osseous and periosteal enhancement involving the 
first metatarsal (arrow).
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FIGURE 5. Salmonella osteomyelitis. (A) Radiograph of the left femur demonstrates patchy 
sclerosis in the distal metaphysis (arrow). (B) Coronal STIR image of the same femur shows 
marked marrow edema (arrow) in the distal metaphysis, with surrounding soft-tissue edema.
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to skeletal muscle on T1, due to in-
terspersed yellow marrow, but iron 
deposition from hemolysis and blood 
transfusions can result in T1 signal lower 
than that of skeletal muscle.

Extramedullary Hematopoiesis
Demand for erythrocyte production 

due to chronic anemia can result in he-
matopoietic tissue growth outside of the 
skeleton, termed extramedullary hema-
topoiesis. Extramedullary hematopoi-
esis is actually more common in other 
hemolytic anemias and sickle cell vari-
ants (sickle-β thalassemia, hemoglobin 
SC disease) than in sickle cell anemia. 
The extramedullary hematopoietic tissue 
has signal characteristics similar to that 
of normal intramedullary hematopoietic 
marrow.11 Extramedullary hematopoiesis 
that involves an organ results in enlarge-
ment of that organ, most often seen in the 
spleen and liver. Soft-tissue masses of 
hematopoietic tissue may develop in the 
thorax or paraspinal soft tissues (Figure 
8). Technetium 99m-labeled sulfur col-
loid can be used to confirm extramedul-
lary hematopoietic tissue.

“Hair-on-End” Appearance
The “hair-on-end” appearance of the 

skull is secondary to marrow hyperpla-
sia in response to anemia.12 This mar-
row hyperplasia results in enlargement 
of the diploic space of the skull.

The  perpendicular proliferation of 
trabeculae look like hair standing on 
end on radiographs and CT (Figure 
9). This appearance is not specific for 
sickle cell disease, and may be seen in 
other hemolytic anemias

Iron Overload
Iron overload due to multiple blood 

transfusions can cause iron deposition 
within the reticuloendothelial system, 
primarily the liver, spleen, and bone 
marrow (Figure 10). MRI findings are 
diffuse low T1 and T2 signal within the 
bone marrow owing to the susceptibil-
ity effects of iron (Figure 10).13 Iron 
deposition in bone marrow also results 
in chronic inflammation, inhibition of  
osteoblast function, and increased  
osteoclast activity leading to decreased 
bone mineralization. Additionally, iron 
deposition within endocrine organs leads 
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FIGURE 6. Vertebral osteomyelitis. (A) Sagittal STIR image demonstrates marked edema in 
the L4 vertebral body (arrow) in this patient with Staphylococcus aureus infection. (B) Sagittal 
T1 contrast-enhanced, fat-suppressed image in the same patient shows patchy enhancement 
of the L4 vertebral body, with peripherally-enhancing epidural abscesses (arrows).

FIGURE 7. Red marrow reconversion. Cor-
onal T1 images shows diffuse low signal 
in the bone marrow due to recruitment of 
hematopoietic marrow.

FIGURE 8. Extramedullary hematopoie-
sis. Coronal T2 image of the thoracic spine 
demonstrates low-to-intermediate signal 
intensity paraspinal masses of extramed-
ullary hematopoietic tissue (arrows) in a 
patient with sickle-thalassemia disease.
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to hypogonadism and hypopituitarism, 
which also decrease bone mineralization.

Conclusion
Sickle cell disease may result in a 

variety of imaging findings in the skel-
etal system. Many of these findings are 

the result of microvascular occlusion. 
Others are due to the marrow response 
to anemia and effects of treatment. 
Knowledge of these osseous manifes-
tations will aid in the interpretation of 
radiologic exams in patients with sickle 
cell anemia and related disorders.
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FIGURE 10. Iron overload. (A) Coronal T2 image of the abdomen shows low signal in the 
bone marrow due to iron overload (red arrow). The liver is enlarged, with diffuse low signal 
due to iron overload (yellow arrow). The spleen is small due to autoinfarction (blue arrow). (B) 
Coronal T1 image of the knee demonstrates diffuse low signal in the marrow due to iron over-
load. Only small areas of normal yellow marrow are seen in the epiphyses (arrow).

FIGURE 9. “Hair-on-end” appearance. (A) Lateral radiograph of the skull shows prominent trabeculae of the diploid space of the calvarium 
(arrow), resembling hair standing on end. (B) Axial CT image of the calvarium in the same patient demonstrates the prominent calvarial trabecu-
lar bone growth (arrow).
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