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Abstract

Beta-thalassemia is a heterogeneous group of anemic disorders caused by the absence or defective production of beta-globin
chains. Their clinical manifestations vary from asymptomatic to severe symptoms leading to a transfusion-dependent anemic
state. The genes that cause thalassemia are prevalent in Asian and African populations, particularly concentrated in the Middle
East, Mediterranean region, parts of India, and South East Asia. Over time, the disease causes various musculoskeletal abnor-
malities with complex pathophysiology secondary to chronic anemia. The compensatory mechanisms result in diffuse marrow
hyperplasia, yellow to red marrow reconversion, osteopenia, and pathologic fractures. Inability to remove excess iron and
inevitable iron overload as a result of multiple blood transfusions in patients with thalassemia major and intermedia is another
face of the disease. Musculoskeletal manifestations include osteopenia, coarse trabeculae, bone expansion, synovitis, joint
effusion, and metaphyseal dysplasia. These complications have long-lasting effects on the skeletal growth pattern resulting in
bone deformity, short stature, premature closure of physes, and predisposition to infection. Additionally, there are radiologic
features of iron-chelator therapy, which are unique and unrelated to the disease process itself. Familiarity of radiologists with the
imaging features of beta-thalassemia is crucial in both diagnosis and timely management of the disease and its complications.
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Introduction

Beta-thalassemia is a group of hereditary anemia secondary to
reduction or absence of beta-globin chains. Hemoglobin A
(the most common form of adult hemoglobin) is made up of
four globin chains—two alphas and two betas [1, 2]. In con-
trast to the alpha-globin genes with 4 copies on chromosome
16, the beta-globin gene only requires two copies on chromo-
some 11 for beta-chain production. Beta-thalassemia is an
autosomal recessive hereditary disorder that occurs when
beta-globin chains are reduced or absent secondary to one
allele defect (thalassemia minor) or two allele defects (thalas-
semia intermedia and thalassemia major). The imbalance in
alpha and beta chain production leads to deficient hemoglobin
synthesis and accumulation of excess insoluble alpha chains
in red blood cells, which causes early destruction. This results
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in ineffective hematopoiesis, hemolysis, and severe anemia.
The genes that cause thalassemia are prevalent in Asian and
African populations. Beta-thalassemia is the most common
hereditary anemia in the Middle East, Mediterranean region,
parts of India, and South East Asia [2, 3].

Thalassemia minor results in mild anemia, which is only
detectable on laboratory values with no significant clinical
symptoms. On the other end of spectrum, thalassemia
intermedia has mild to moderate clinical manifestations and
thalassemia major has the most severe symptoms, often lead-
ing to chronic transfusion-dependent anemia. Thalassemia
major involves different body parts (Table 1) leading to sig-
nificant morbidity and mortality that reduces life expectancy.

Patients with thalassemia intermedia present with various
clinical manifestations ranging from chronic anemia with mild
symptoms to a transfusion-dependent state identical to thalas-
semia major. The severity of clinical symptoms is related to
the amount of globin chain imbalance. Compared to thalasse-
mia major, patients with thalassemia intermedia usually have a
delayed presentation with mild anemia and infrequent need
for blood transfusions. It is assumed that the maintenance of
hemoglobin level above 10 g/dl can prevent musculoskeletal
manifestations in these patients. Beta thalassemia major leads
to a wide range of musculoskeletal system involvement with
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Table 1 Summary of the most

important skeletal changes and Site Mechanism Radiologic findings
their subsequent radiological
findings Skull - Marrow hyperplasia - Frontal bossing

- Cortical thinning

- Trabecular coarsening

Facial bone

- Cortical thinning
- Trabecular coarsening

Ribs - Marrow hyperplasia
- Cortical thinning
- Trabecular coarsening

- Marrow hyperplasia

- Lamellated skull

- Hair-on-end appearance

- Osteopenia

- Under-pneumatization of the frontal and paranasal sinuses
- Maxillary bone protrusion

- Nasal bridge flattening

- Decreased length of the mandible

- Tooth root shortening

- Reduction in the total posterior facial height
- Osteopenia

- “Rib within rib” appearance

- Posterior mediastinal masses (EMH)

- Rib osteoma

- Osteopenia
Spine - Marrow hyperplasia - Fish-type appearance
- Cortical thinning - Bone-within-bone appearance
- Trabecular coarsening - Kyphosis
- Iron chelator toxicity - Platyspondyly
- Iron deposition - Scoliosis
- Degenerative disk disease
- Osteopenia
Long bones - Marrow hyperplasia - Reticular appearance
- Cortical thinning - “Erlenmeyer flask™ deformity
- Trabecular coarsening - Osteopenia
- Convex shape of the long bones
Pelvis - Marrow hyperplasia - Cob-web appearance
- Cortical thinning - Osteopenia
- Trabecular coarsening
Physis - Early fusion of epiphyses - Growth retardation and subsequent short stature
- Short limb length and limb discrepancy
Joints - Hyper-transfusion - Space narrowing

- Chelation toxicity
- Iron deposition

- Synovitis

- Subchondral cysts

- Osteophytosis and chondrocalcinosis
- Avascular necrosis

- Osteoarthrosis

low back pain and arthralgia as the most common symptoms
and growth retardation, fracture, osteoporosis, and kyphosis
as the most severe presentations (Table 2). The severity of
radiologic manifestations are also affected by the type of thal-
assemia, time of treatment onset, number of transfusions, and
complications related to iron chelating therapy.

Chronic tissue hypoxemia secondary to anemia and com-
pensatory marrow hyperplasia results in bone marrow expan-
sion and extra-medullary hematopoiesis. Iron overload and
inability to remove excess iron secondary to multiple transfu-
sions is another cause of musculoskeletal manifestations
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(Table 1) [12, 13]. While the sequelae of recurrent transfu-
sions has decreased due to optimal treatment regimens and
iron chelation therapy, new skeletal findings secondary to iron
chelation therapy have become noticeable.

In this review, we will illustrate musculoskeletal imaging
manifestations of beta-thalassemia and its treatment-related
findings using a multi-modality approach (Table 3). After
reading this article, the reader will be able to describe the
musculoskeletal manifestations of beta-thalassemia, recognize
treatment-related imaging findings, and discuss the role of
imaging in diagnosis and management of this disease.
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Table2 Summary of common radiologic findings, their relative incidence, and disease course timeline of beta-thalassemia

Radiographic findings Approximate reported incidence

Disease course timeline

Early fusion of epiphyses 10-23% [4]
Severe facial bone deformities 17% [4]

Skull hair-on-end appearance  8.3% [5]
Osteoporosis 26-89% [6-9]
Long bone Fractures 38-41% [10]

Extramedullary hematopoiesis 20-24% in thalassemia intermedia [11]
<1% in thalassemia major [11]

>6 months of age, often present by age 10

>6 months of age

>6 months of age

Increased incidence later in the disease course

Increased incidence later in the disease course due to worsening osteoporosis
Occurs later in the disease course

Intra-medullary marrow hyperplasia

As previously described, beta-thalassemia major and
intermedia can lead to chronic anemia due to inadequate
production of the beta-globin chains. Chronic anemia stim-
ulates intra-medullary bone marrow hyperplasia and ex-
pansion. Normally, red marrow is diffusely distributed
throughout the fetal skeleton. Over lifetime, the red mar-
row is gradually replaced by yellow or fatty marrow. The
fatty marrow exists within the appendicular skeleton and
then advances to involve the axial skeleton. By adulthood,
the red marrow is only seen within the axial skeleton, pel-
vis, sternum, and spine. As a response to chronic anemia,
reconversion of yellow to red marrow takes place. In pa-
tients with uncontrolled thalassemia, this long-lasting ane-
mia results in marrow expansion with widening of medul-
lary spaces and thinning of the cortical bone. This compen-
satory mechanism leads to fragile bones and subsequent
pathologic fractures involving different parts of the skele-
ton (Fig. 1).

Skull

In thalassemia patients, the compensatory bone marrow hy-
perplasia in the skull bone medullary space results in marked
widening of the diploe, trabecular coarsening, osteopenia, and
enlargement of the middle meningeal vessel impression on the
cranial vault [13]. Another feature includes the thinning of the
cortices, especially the outer table, which may be completely
obliterated. These changes are detectable on skull radiographs
and are more severe in patients with thalassemia major, spe-
cifically in those under 9 years of age. Nonetheless, these
changes do not correlate with the severity of the disease nor
do they signify involvement of other parts of the skeleton. In
addition, it is not obvious whether these changes are reversible
even after proper disease management [4, 5].

The widening of the diploic space mainly occurs in the
frontal bone resulting in the characteristic skull shape known
as frontal bossing or “tower skull” in advanced disease stages.
The extreme skull bone expansion in children with uncon-
trolled thalassemia major can resemble the shape of a “hot

Table 3 Summary of the most ] -
common imaging diagnostic Imaging Modality

Diagnostic Clues

clues of thalassemia with ]
recommended imaging modality Radiographs/CT

MRI

-Reticular appearance of the bones

-Hair-on-end appearance on skull radiographs
-Bone-in-bone appearance of the ribs and spine
-Osteopenia

-Early fusion of physis resulting in short limbs
-“Erlenmeyer flask” deformity of the long bones
-Bone marrow expansion with cortical thinning
-Under-pneumatization of the frontal and paranasal sinuses
-Rib osteoma

-Red marrow reconversion

-Extramedullary hematopoiesis

-Avascular necrosis

-Insufficiency fractures
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Fig. 1 A 15-year-old girl with (3-thalassemia major. a Axial skull CT
shows skull thickening, thinning of the cortices, trabecular coarsening,
and bone demineralization. b Lateral skull radiograph shows “frontal
bossing” (arrow). ¢ AP pelvis radiograph shows marrow expansion, cor-
tical thinning, and coarsening of the trabeculae (arrow)

cross bun” or “caput quadratum”. Due to lack of hematopoi-
etic marrow within the occipital bone, this area is spared and
the extent of bone marrow hyperplasia and diploic space wid-
ening is less pronounced [14].

On skull radiographs and CT in patients with beta-
thalassemia major, multiple horizontally oriented radiolucent,
and radiopaque lines (particularly within the frontal and pari-
etal bones) are observed, which can be attributed to new bone
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formation. The combination of diploe sinusoidal revasculari-
zation and marrow hyperplasia is the main reason for this
radiologic appearance, which was first named the “lamellated
skull.” It seems that the “lamellated skull” occurs before the
more typical “hair-on-end” appearance. The “hair-on-end” ap-
pearance is observed as vertical striations projecting from the
outer aspect of the skull. These striations are the thickened
trabeculae projecting perpendicular to the cortex of the wid-
ened diploic space. This can be identified on lateral skull ra-
diograph, CT, and MRI [14]. Vertical elongated trabeculae
within the radiolucent marrow resemble a hair stranded on
end. On MRI, as a consequence of red marrow reconversion
and reduction in the fat component, the signal intensity of the
diploe decreases and becomes hypointense to gray matter on
T1-weighted, T2-weighted, and proton density-weighted im-
ages. The thickened trabeculae appear as hypointense bands
within the expanded marrow space, which causes the “hair-
on-end” appearance (Fig. 2). These imaging findings are un-
usual after 9 years of age, especially in adequately treated
patients [15]. While the “hair-on-end” appearance of the skull
is often seen with thalassemia, other etiologies of severe ane-
mia including sickle cell disease, iron deficiency anemia, or
hemolytic anemia can cause a similar appearance and should
be included in the differential diagnosis.

Facial bones

Intra-medullary bone marrow expansion in facial bones re-
sults in under-pneumatization of the frontal and paranasal si-
nuses, maxillary bone hypertrophy, nasal bridge flattening,
and various other orofacial and dental deformities.
Radiograph and CT are useful in identifying these changes.
The main imaging findings include wall thickening of the
frontal bone and paranasal sinuses, obliteration of the
paranasal sinuses and nasal cavities, thinning of the cortices,
trabecular coarsening, and osteopenia. The ethmoid sinus is
usually preserved due to absence of hematopoietic marrow
within its walls. The mastoid sinuses are involved in varying
degrees depending on the marrow activity in this region
(Fig. 3) [16].

CT is the modality of choice for evaluation of facial bone
involvement in patients with beta-thalassemia major who need
reconstructive surgery for treatment of facial deformities. CT
provides vital information for pre-operative mapping and ex-
tent of osseous involvement. Key facial bone deformities in-
clude reduction in the height of the mandibular ramus, short-
ening of tooth roots, and reduction in the total posterior facial
height with concomitant increase in anterior facial height.
Lateral displacement of the orbits (hypertelorism) associated
with maxillary protrusion and ventral displacement of the in-
cisors leads to the pathognomonic “chipmunk face” appear-
ance in patients with beta-thalassemia. This is rarely seen in



Skeletal Radiol (2021) 50:1749-1762

1753

Fig.2 A 19-year-old boy with f3-
thalassemia major. a Sagittal
FLAIR, b axial T2W, and C axial
T1W+ Gadolinium show
hypointense marrow in compari-
son to the gray matter in both
T2W and T1W sequences con-
sistent with red marrow recon-
version and decreased fatty mar-
row. d Frontal skull radiograph
shows marked thickening of the
skull bone, thinning of the corti-
ces, trabecular coarsening, and
bone demineralization

today’s practice due to early diagnosis and more robust treat-
ment protocols [17-19].

Ribs

Like other parts of the body, red marrow hyperplasia is the
main reason for changes and deformities in the ribs, which are
detectable on chest radiographs. The first and most common
finding is the expansion of the ribs, specifically at the
costovertebral junctions (Figs. 4 and 5). Other common find-
ings include osteoporosis, which causes a trabeculated appear-
ance of the ribs. Another reported thoracic finding is the “rib
within a rib”” appearance due to subperiosteal extension of the
red marrow through the cortex. This is usually seen in the
anterior and middle segments of the ribs. New bone formation
superimposed on underlying extensive subperiosteal marrow
proliferation can result in a rib osteoma, which is a rare loca-
tion for this entity [13].

In some patients, the red marrow breaks the inner cortex
and infiltrates outward to cause extra-medullary hematopoie-
sis (EMH). EMH appears as prominent lobulated masses cov-
ering the anterior or posterior segments of the ribs on chest

radiographs (Figs. 6, 7, and 8). The severity of rib changes and
deformities depends on the transfusion history of patients.
EMH is most frequently seen in the posterior mediastinum
in comparison to the anterior mediastinum and pelvic cavity.
Intra-canal extension of EMH can cause cord compression,
resulting in neurologic findings [20, 21]. These changes are
rarely seen in children who start blood transfusion at an early
age. Regression of the changes may take place in most cases
after proper transfusion [13].

Spine

Various spinal abnormalities may occur following marrow
hyperplasia, iron deposition, and chelation therapy.
Common findings on radiographs and CT of the spine include
osteopenia, cortical thinning, and increase in the height to
width ratio of the vertebral bodies, secondary to medullary
expansion (Fig. 9). Severe medullary expansion can cause
cord compression, most commonly seen in the thoracic spine.
These changes result in several characteristic appearances that
are pathognomonic for thalassemia. The first common appear-
ance is the “fish-mouth” vertebral body, which is defined as
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Fig. 3 A 17-year-old boy with (3-thalassemia major. a Axial face CT
shows wall thickening of the maxillary bone, thinning of the cortices,
trabecular coarsening, and bone demineralization. Note the under-
pneumatization of the maxillary sinuses. b Coronal face CT in another
patient shows the same findings. Additionally, there is obliteration of the
right maxillary sinus, widening of the ostium, and obliteration of the right
nasal cavity secondary to antrochoanal polyp

the biconcavity of the superior and inferior vertebral body end
plates as a result of compression microfractures and
subchondral bone thinning (similar to findings in sickle cell
disease). These changes contribute to spinal kyphosis and
scoliosis in these patients [3]. The ground glass appearance
of the vertebrae is attributed to coarsening of vertical trabecu-
lae, which appears as high-density vertical stripes positioned
perpendicular to horizontal trabeculae [13]. Lastly, the “bone-
within-bone” appearance may be observed in lateral spinal
radiographs because of end plate depression [22]. These im-
aging manifestations are usually not seen in well-controlled
thalassemia with adequate transfusion.

Paraspinal EMH is mainly seen in patients with thalasse-
mia intermedia and its neurological complications usually
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Fig. 4 A 17-year male with 3-thalassemia. a Contrast-enhanced CT
shows cardiomegaly and b extramedullary hematopoiesis. ¢ There is
medullary expansion, especially at the costovertebral junction (arrows),
leading to cortical thinning, trabecular coarsening, and decreased bone
density of the ribs secondary to bone marrow hyperplasia. Incidentally
noted bilateral axillary lymphadenopathy was felt to be reactive in this
patient with no history of infection or malignancy

manifest in the third and fourth decades of life because com-
pensatory marrow hyperplasia needs time to develop. In pa-
tients with thalassemia intermedia, the prevalence is approxi-
mately 20% to 24%. This entity is rare in the first decade of
life and in thalassemia major patients due to regular blood
transfusions [11, 23]. EMH may cause cord compression lead-
ing to complications including low back pain, lower extremity
pain, paresthesia, proprioception disorders, paraplegia, uri-
nary or bowel incontinence, spastic gate, paraparesis, exagger-
ated deep tendon reflexes, and cauda equina syndrome. With
that said, most patients stay asymptomatic and the masses are
incidentally discovered on radiographs, CT, or MRI [24].
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Fig. 5 A 21-year-old male with poorly controlled 3-thalassemia major a
PA chest radiograph shows cardiomegaly, osteopenia, expansion of the
costovertebral junction, thinning of the cortex, and trabecular thickening.
b AP chest radiograph in another patient shows similar findings of rib
osteopenia, cortical thinning, and costovertebral junction expansion (*)

It is worth noting that when paraspinal masses are
encountered on imaging, a broad differential diagnosis
should be considered. These can include neurogenic tu-
mors (schwannoma, neurofibroma, etc.), lymphoma,
esophageal neoplasms, metastasis, paraspinal phlegmon/
abscess, hematoma, or lymphangioma. Radiography and
CT are usually sufficient for diagnosis of EMH in the
appropriate clinical context, but MRI is the modality of
choice in patients with neurologic symptoms or when
there is doubt about these findings (Figs. 6, 7, and 8).
MRI accurately characterizes the extent of the lesions
and localizes the exact site of involvement for radiother-
apy or surgery [21]. On MRI, inactive old lesions have
high signal intensity on both T1- and T2-weighted se-
quences due to internal fat content. Meanwhile, active

Fig. 6 A 42-year-old woman with (3-thalassemia major presented with
progressive dyspnea. a Axial contrast enhanced CT shows a lobulated
right paravertebral mass with septations. There is a smaller hypodense
mass near the left costovertebral junction (arrow). b Axial CT demon-
strates surgical clips from prior splenectomy. ¢ Coronal image shows the
craniocaudal extent of the mass. Biopsy confirmed the diagnosis of EMH

lesions manifest as intermediate T1 and T2 signal inten-
sity with subtle or no enhancement. Iron deposition
makes for low signal intensity on both T1- and T2-
weighted MR images compared to the paraspinal mus-
cles [25]. If findings are inconclusive, heat damaged
99m-Tc red blood cell scan or 99m-Tc-sulfur colloid
scan can be used to confirm the diagnosis. Tissue sam-
pling can be performed as a last resort in patients with
high suspicion for metastatic diseases and indeterminate
radiologic findings [26]. Management of spinal EMH
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Fig.7 A 29-year-old man with poorly controlled (3-thalassemia major. a
Axial contrast enhanced CT of the chest shows bilateral, well-defined,
lobulated, and mildly enhancing paravertebral soft tissue masses without
internal calcification (*), representing EMH. There is a large left pleural
effusion. b Radiographic appearance of the bilateral lobulated paraspinal
masses on PA chest radiograph (different patient with same pathology)

differs based on the size and location of the mass, pa-
tient comorbidities, and prior treatments. Therapeutic
options include increased frequency of blood transfu-
sions, surgical decompression, radiotherapy, and fetal

Fig. 8 A 45-year-old man with a
history of 3-thalassemia major
and a mass seen on chest radio-
graph. a Coronal T2W image of
the thorax demonstrates bilateral
paravertebral masses, which ap-
pear lobulated with heterogenous
iso and hyperintense signal (ar-
rows). b Sagittal T1W image
demonstrates the right
paravertebral mass (*) which is
isointense to muscle. ¢ Sagittal
STIR image shows the right
paravertebral mass (*) with het-
erogenous iso and hyperintense
STIR signal
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hemoglobin induction with Hydroxy-Carbamide or a
combination of these treatments [24].

Appendicular skeleton

Tubular bone abnormalities include medullary expan-
sion, cortical thinning, trabecular coarsening, decreased
bone density, and pathologic fractures [27]. These
changes are not seen in the first 6 months of life due
to the presence of fetal hemoglobin but generally be-
come apparent during the second year of life. The pri-
mary manifestations become notable in the metacarpal,
metatarsal, and phalangeal bones where the medullary
expansion results in squared or sausage-shaped appear-
ance of the bones. Since this hyper-proliferated marrow
needs more blood supply, the nutrient foramina dimen-
sions increase, creating round or oval lucencies about
the mid-diaphysis of these bones on radiographs [28].

The long bones lose their normal concave shape and
become convex as a result of marrow expansion. This
mostly occurs at the humerus and femur. In addition,
the medullary space becomes more reticular in appear-
ance secondary to trabecular thickening. Trabecular
coarsening is accompanied by multiple cyst-like lu-
cencies within the bone, making a characteristic appear-
ance called the “worm eaten” bone [27]. Severely wid-
ened metaphysis and epiphysis cause the so-called
Erlenmeyer flask deformity (Fig. 10) [3], which can be
seen in other hemoglobinopathies and deposition dis-
eases such as Gaucher disease, sickle cell disease, and
bone dysplasia. Irregular hyperdense transverse lines
within the metaphysis can be seen on radiographs.
These are referred to as “Harris lines”, implying epi-
sodes of growth arrest which are not necessarily patho-
gnomonic for thalassemia. In the pelvis, the main
changes include marrow expansion, cortical thinning,
and coarsening of the remaining trabeculae, which re-
sults in a “cob-web” appearance [4].




Skeletal Radiol (2021) 50:1749-1762

Fig. 9 A 31-year-old woman
with (3-thalassemia major. a
Sagittal CT demonstrates cortical
thinning and an increase in the
width/height ratio of the vertebral
bodies secondary to medullary
expansion. b Sagittal TIW and ¢
T2W images reveal diffusely de-
creased marrow signal intensity as
a consequence of red marrow re-
conversion and reduction in the
fat component. The thickened
trabeculae appear as hypointense
bands within the expanded mar-
row space. The iron deposition
within the bone marrow as a result
of iron overload also contributes
to signal decay on T2-weighted
images

As patients become older, the marrow proliferation mi-
grates to the axial skeleton so the appendicular skeleton man-
ifestations regress or completely disappear in most of the
cases. Some degree of trabecular blurring and medullary canal
expansion can remain, especially if the treatment regimen is
sub-optimal. For instance, the first metacarpal bone can stay
squared in adult patients despite treatment [3].

Early fusion of epiphysis

Another common musculoskeletal finding affecting tubular
bones is early fusion of the epiphysis, especially in patients
who started blood transfusions at a later age. This finding was
initially reported in 1964 by Currarino and Elrandson on ra-
diographs of thalassemia patients [29]. This abnormality is
mainly seen in children older than 10 years of age. The overall

Fig. 10 A 14-year-old male with
[3-thalassemia major. a AP radio-
graph of the right knee in a shows
early fusion of the physis with
widening of epiphysis and
metaphysis resulting in an early
“Erlenmeyer” deformity. b AP
hand radiograph in another pa-
tient shows decreased bone min-
eralization and a squared first
metacarpal (arrow). ¢ Elbow ra-
diograph shows cortical thinning,
decreased bone density, and
epiphyseal widening

prevalence is thought to be 10-15% in patients with thalasse-
mia major and approximately 23% in patients greater than
10 years old. The most common site for premature fusion of
epiphysis is the proximal humeral physis. Distal femur, tibia,
fibula, and proximal femur are the next common sites of early
fusion [4, 13].

Unilateral or bilateral epiphyseal fusion leads to growth
retardation and subsequent short stature, short limb length,
and limb discrepancy (Fig. 11). It also results in skeletal
deformity secondary to irregular fusion of growth plates
and subsequent angulation and deviation of the epiphyses.
The most common deformity is the varus deformity of the
humerus [20]. In patients with thalassemia major and open
growth plates, irregularity across the physis is a marker of
early fusion followed by bony bridges across the physis

[4].
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Fig. 11 A 12-year-old male with [3-thalassemia major. a Lateral leg ra-
diograph shows early fusion of the epiphysis at the distal tibia. b Lateral
knee radiograph in the same patient demonstrates epiphyseal fusion of the
distal femur and proximal tibia. Note the diffuse demineralization and
thinning of the cortices

Skeletal changes secondary to hyper-transfusion

High serum iron and uric acid levels secondary to hyper-
transfusion cause synovial and articular cartilage abnormali-
ties in thalassemic patients. Iron deposition and secondary
hemochromatosis in these patients cause articular disorders,
which usually affect the big joints, though not as commonly
seen in comparison to patients with primary hemochromatosis
[30]. Symmetric articular space narrowing, synovitis,
subchondral cysts, osteophyte formation, and
chondrocalcinosis are the main radiologic manifestations seen
in patients with thalassemia major [31]. Uncommonly, gouty
arthritis occurs in thalassemic patients due to high red blood
cell turnover and hyperuricemia. Involvement of uncommon
articular spaces such as the sacroiliac joint has been reported.
Sacroiliac arthritis manifests as articular subchondral erosions
and reactive sclerosis [6].

Blood transfusions substantially increase the life expectan-
cy of patients suffering from thalassemia; however, this life-
saving therapy could be associated with numerous complica-
tions that make close follow up vital in these patients.
According to the thalassemia longitudinal cohort study guide-
lines [32], annual bone mineral densitometry should be per-
formed in these patients after 10 years of age. Additionally,
iron deposition is toxic to the heart, liver, and endocrine organ
parenchyma which are affected in over 90% of patients with
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thalassemia. This iron overload occurs 1-2 years after initia-
tion of regular blood transfusions. Iron overload monitoring is
feasible by usage of T2*-based MRI sequences. The presence
of growth retardation, osteoporosis, kyphosis, and fracture
indicate the late and severe stages of the disease. According
to treatment guidelines, routine radiological workups are not
recommended except for MRI for monitoring of iron deposi-
tion and annual bone densitometry. Imaging is particularly
helpful in evaluation of treatment related complications such
as avascular necrosis, skeletal changes secondary to hyper-
transfusion, and secondary complications due to decreased
bone density such as fractures, and to detect other related
musculoskeletal manifestations including myopathy and spi-
nal cord compression due to extra-medullary hematopoiesis.
Knowledge of musculoskeletal manifestations of thalassemia
is crucial for clinicians to guide treatment and initiate support-
ive strategies to address these specific manifestations.

Skeletal changes secondary to iron-chelation therapy
Deferoxamine-induced bone dysplasia

The first use of iron chelators for management of patients with
thalassemia major dates back to the late 1970s [4]. Since then,
specific skeletal abnormalities have come to notice in patients
using iron-chelator drugs such as deferoxamine (DFX). It is
believed that DFX impedes fibroblast proliferation, collagen
synthesis, and osteoblast activity in the metaphyseal region of
the bones, particularly in fast-growing long bones and spine.
This results in decreased growth rate, growth arrest, pain, and
skeletal deformities [3, 33]. The dysplastic changes are usual-
ly bilateral and are mainly seen in the distal femur, proximal
tibia, and distal ulna. Other affected sites include the proximal
femur, proximal humerus, distal radius, and distal tibia [3].
These changes commonly occur in patients receiving high
therapeutic doses (50 mg/kg/day) of iron-chelators initiated
below the age of three [34].

The most common findings on imaging are irregularly
splayed epiphyseal/metaphyseal junction and physeal widen-
ing. Additionally, progressive changes include coarsening of
the metaphysis associated with cystic-like lucencies, cupping
and fraying appearance, which can resemble rickets dysplasia.
Metaphyseal defects have low signal intensity on T1-
weighted images and intermediate-high signal intensity on
T2-weighted MR images [35]. Genu-varus or -valgus defor-
mities and gait abnormalities due to severe epiphyseal dyspla-
sia of the lower extremities can also be seen [36]. Spinal in-
volvement may cause platyspondyly, kyphosis, scoliosis, de-
generative disc disease, and disproportionate short trunk.
Platyspondyly is the most noticeable spinal finding and man-
ifests as anterior elongation and flattening of the vertebral
bodies. Its severity depends on the age at which iron-
chelator therapy was started. The H-shaped vertebrae is rarely
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seen in thalassemia patients [4]. Patients with thalassemia ma-
jor are at higher risk for degenerative disc disease [37]. This is
mainly caused by iron deposition or DFX therapy [1].
Scoliosis may present following DFX therapy or iron deposi-
tion. Its incidence correlates with duration of DFX therapy,
hematocrit, and ferritin levels. Scoliosis is typically S-shaped
(right-sided thoracic and left-sided lumbar). Most cases do not
require interventional procedures and may even resolve spon-
taneously [38].

Early diagnosis of DFX-induced osseous dysplasia is es-
sential as dose reduction is proved to ameliorate skeletal dys-
plasia and improve growth. Annual hand radiography is help-
ful in monitoring for early diagnosis of DFX-induced dyspla-
sia [39].

Deferiprone-induced arthropathy

Deferiprone (DFP) is an oral iron-chelator medication, which
can cause arthropathy, especially at high doses. It mainly af-
fects the knee joints, but other appendicular joints can be
involved. DFP-induced arthropathy manifests as cartilage
and synovial thickening and subchondral flattening of the
femoral and tibia condyles. Severe changes are not usually
reversible even after DFP termination; however, the symp-
toms usually resolve. Muscle stiffness, arthralgia, joint swell-
ing, effusion, and reduced range of motion are other common
complications [4, 40]. MRI may reveal various degrees of
effusion, irregular thickening of the cartilage, and subchondral
erosions. Intense synovial enhancement after injection of
gadolinium-based intravenous contrast can be observed in
some cases, indicating severe synovitis [40].

Deferasirox-induced myopathy

Deferasirox is a new iron-chelating agent known to increase
bone mineral density. It is believed that deferasirox can cause
muscular weakness and atrophy. The increase in muscle
echogenicity and atrophy can be detected by ultrasound.
These findings are more prominent in proximal muscles of
the lower limbs. MRI reveals muscle atrophy. Findings sug-
gesting myositis including intramuscular contrast enhance-
ment and edema are typically absent [41, 42].

Other musculoskeletal manifestations of beta-
thalassemia

Osteoarthrosis

In patients with thalassemia major, early osteoarthritis may
occur. This is attributed to multiple factors such as bone mar-
row expansion, iron deposition, iron-chelation therapy, hyper-
metabolic state, and endocrine abnormalities (i.e., hypopara-
thyroidism). The most common site for osteoarthritis in

thalassemia major patients is the ankle joint. Nowadays, early
osteoarthrosis is not prevalent in thalassemia patients due to
early treatment with new effective iron chelating agents [0,
12].

Avascular necrosis

There are rare cases of avascular necrosis (AVN) of the fem-
oral head reported in literature in patients with thalassemia
major [43, 44]. This occurs secondary to multiple
microfractures, osteonecrosis, medullary expansion, and sub-
sequent arterial compression. Radiography reveals manifesta-
tions of AVN including subchondral lucency, sclerosis, and
subarticular plate collapse and flattening. MRI plays an im-
portant role in detecting AVN at an early stage when radio-
graphic examination is unremarkable. MRI reveals character-
istic findings of marrow infarction including a serpentine low-
intermediate signal intensity line on T1-weighted images and
a high signal intensity line on fluid-sensitive sequences
resulting in the subarticular double-line pattern [44].

Bone demineralization

Despite optimal transfusion, initiation of iron-chelation thera-
py, and hormonal and mineral replacement, osteoporosis re-
mains a common skeletal finding in thalassemia patients.
Osteoporosis is a major health concern in patients with thal-
assemia major and is one of the most common causes of mor-
bidity. The prevalence is reported at approximately 26% to
89% in various studies [6—9]. Delayed diagnosis and manage-
ment of this debilitating problem results in various complica-
tions such as pain, fractures (Figs. 12 and 13), disability, and
spinal deformities [45].

The etiology is multifactorial and includes bone turn over
imbalance, iron deposition, iron-chelator toxicity, and endo-
crine diseases (i.e., hypogonadism, thyroid or parathyroid dis-
orders, diabetes, vitamin and mineral deficiency), resulting in
generalized demineralization of both cancellous and tubular
bones [46]. Osteoporosis predisposes thalassemia patients to
insufficiency fractures. Prevalence of fractures has been re-
ported at 15 to 50% in different studies [47, 48]. The most
common site of fracture is the thoracolumbar junction where
multiple microfractures cause short stature and kyphosis [10].

Differential diagnosis of beta-thalassemia

The radiological appearance of thalassemia may be detectable
in other hemoglobinopathies or storage diseases. Although,
the imaging features can help with the proper diagnosis, addi-
tional clinical data and laboratory findings are crucial for de-
finitive diagnosis. Many systemic diseases can involve the
craniofacial bones.
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Fig. 12 A 23-year-old female with poorly controlled 3-thalassemia. AP
(a) and lateral (b) radiographs of the thoracolumbar spine demonstrate
diffuse demineralization of the bones secondary to osteoporosis.
Additionally, there is cortical thinning and trabecular coarsening of the
thoracolumbar spine. There is a compression fracture of the T9 and L1
vertebral bodies with anterior wedging and height loss, resulting in a
kyphotic alignment

Bone marrow expansion and cortical thinning occur sec-
ondary to severe anemia from hematologic disorders such as
thalassemia, sickle cell disease, or even from heavy smoking.
The hair-on-end appearance is a well-documented but rarely
seen radiologic appearance that is secondary to skull bone
marrow expansion with an abrupt stop at the occipital bone.

It is usually found in later stages of thalassemia major and less
frequently in patients with thalassemia intermedia. It is also
seen in patients with sickle cell disease, hereditary
spherocytosis, and severe iron deficiency anemia.

Lymphoma can affect the skeletal system with or without
nodal involvement. Extensive marrow infiltration with mild
cortical bone destruction and “floating tooth appearance” can
be seen when lymphoma affects the maxillofacial bones.
Lower T2 signal intensity with marrow infiltration and adja-
cent soft tissue expansion on MRI suggests the diagnosis of
lymphoma over other differential diagnoses such as
thalassemia.

Paget disease manifests with coarsened trabecula, cortical
thickening, and extensive bone formation. It affects skull
bones in 25-65% of cases. Imaging appearance varies with
the stage of the disease. The early stage is typically the de-
structive phase and commonly manifests with the “osteoporo-
sis circumscripta” appearance. In the intermediate phase, there
is mixed osteoblastic and osteolytic activity leading to the
“cotton-wool” appearance. The last stage is the sclerotic phase
which shows increased cortical and trabecular thickening and
enlargement of affected the bones. Early in the disease, large
areas of radiolucency are detectable within the frontal and
occipital bones unlike thalassemia which spares the occipital
bone.

The “bone within bone” appearance of spine occurs in
various conditions including chronic diseases or sever sys-
temic illnesses such as osteogenesis imperfecta, which
could have similar musculoskeletal manifestations to thal-
assemia. The main radiographic appearance of osteogene-
sis imperfecta are bone deformities, osteopenia, and bone
fractures. “Bone within bone” appearance is seen in these
patients as a result of bisphosphonate therapy. The “bone

Fig. 13 A 12-year-old male with (3-thalassemia major. a AP radiograph
shows epiphyseal irregularity and sclerosis of the distal humerus (arrow).
There is pseudo-arthrosis as a result of pathologic fracture due to de-
creased bone density. b AP foot radiograph in a different patient shows
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within bone” is also seen in other conditions such as met-
astatic disease or leukemia as a result of subchondral
osteopenia, which is in contrast to thalassemia where oste-
oporosis or generalized decreased in bone mass is detected.

Fibrous dysplasia is pathologic fibro-osseous tissue re-
placement of normal bone that can be monostotic or
polyostotic. In the axial skeleton, it typically appears as
areas of homogenous ground glass matrix with no perios-
teal reaction. Expansile endosteal scalloping can also be
seen with cortical contour preservation and a thick layer
of sclerotic margin. Progressive bowing and coxa varus
deformity of the proximal femur secondary to fibrous dys-
plasia shape the shepherd’s crook deformity which is dis-
tinct from the Erlenmeyer deformity of thalassemia.
Erlenmeyer deformity is defined as abnormal cortical thin-
ning, lack of remodeling, and concavity of dia-metaphysis
of long bones that occurs in various disorders that lead to
marrow infiltration including Gaucher disease, hemoglo-
binopathies, and skeletal dysplasia. Presence of other mus-
culoskeletal manifestations and clinical data help in differ-
entiating these entities.

Conclusion

Beta-thalassemia is an inherited multisystem disease that
leads to various musculoskeletal abnormalities. The main
underlying reason for these abnormalities is bone marrow
hyperplasia. Radiography is the most commonly used mo-
dality for diagnosis of these musculoskeletal manifesta-
tions but CT and MRI can provide additional value to
help troubleshoot indeterminate findings. While MSK
manifestations of thalassemia do not directly guide man-
agement (primarily done via monitoring hemoglobin
levels, serum ferritin, liver iron concentration, or cardiac
T2%), they are most helpful in early detection of compli-
cations (myopathy, avascular necrosis, spinal cord com-
pression due to extra-medullary hematopoiesis) and surgi-
cal planning. Familiarity of radiologists with the imaging
features of beta-thalassemia is crucial in diagnosis and
timely management of thalassemia and its complications.
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