
main topic

Wien Med Wochenschr (2017) 167:9–17
DOI 10.1007/s10354-016-0517-3

Imaging of Paget’s disease of bone

Naomi Winn · Radhesh Lalam · Victor Cassar-Pullicino

Received: 26 April 2016 / Accepted: 20 September 2016 / Published online: 19 October 2016
© Springer-Verlag Wien 2016

Summary Paget’s disease of bone is a disorder of
bone remodelling, leading to changes in the architec-
ture and overall appearance of the bone. The disorder
may be monostotic or polyostotic and affect any bone
in the body, although most commonly it involves the
spine, pelvis, skull and femur. This article explores
the different imaging modalities used in the assess-
ment of Paget’s disease of bone in its different phases.
The relative merits of each imaging modality is dis-
cussed with illustrative examples, in particular with
respect to radiographs, nuclear medicine bone scan,
computed tomography (CT) and magnetic resonance
imaging (MRI).
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Introduction

Paget’s disease of bone was named after Sir James
Paget who first reported the condition as osteitis de-
formans in 1877 [1]. It is a disease of excessive and
abnormal bone remodelling, leading to changes in the
architecture and appearance of the bone [2]. The inci-
dence of Paget’s disease is changing, namely reducing,
the cause of which is not known [3]. Similarly, the ae-
tiology of Paget’s disease is not fully understood, with
theories ranging from genetic to viral causative agents,
which is discussed more comprehensively elsewhere
in this journal edition. This article discusses the dif-
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ferent imaging modalities and their utility in relation
to Paget’s disease of bone.

Distribution

Paget’s disease may be monostotic or polyostotic, and
the incidence of monostotic disease is increasing.
The disease commonly involves the spine and pelvis
(30–75%) sacrum (30–60%), skull (25–65%) and fe-
mur (25–35%) [4]. The lower extremities tend to be
involved more frequently than the upper extremities,
particularly the humerus and scapula; however, the
disease can involve any bone in the body [5]. It may
be asymptomatic and identified incidentally on imag-
ing performed for unrelated indications. Sometimes
the presenting complaint is pain and imaging is thus
performed for further investigation [6].

The role of imaging is to detect the disease and its
activity, and to determine whether it is the cause of
a patient’s particular symptoms.

Phase of disease

Paget’s disease is initially characterised by bone re-
sorption followed by abnormal, disorganised bone de-
position, resulting in pathological bone remodelling.
Characteristically, the process follows different phases
of activity followed by a quiescent phase [7]. The
initial phase is termed the active one, during which
osteoclastic activity is predominant, thus giving rise
to a lytic appearance of the bones. This is followed
by a mixed phase, in which there is both osteoclastic
and osteoblastic activity, with the osteoblastic activ-
ity being predominant. This is then followed by an
inactive phase during which the osteoblastic activity
declines. A further inactive, sclerotic phase has also
been described, during which there is normal or de-
creased bone activity with persistence of the sclerotic
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Fig. 1 Anteroposterior (AP) radiographof the left femur show-
ing theadvancing lyticphase, shownas the “bladeofgrass” ap-
pearance

architecture [8]. The different phases of activity have
different radiological appearances; however, the hall-
mark is disorganisation of the bone texture.

Radiographs are a first-line modality for investigat-
ing suspected cases of Paget’s disease. In the active
phase, the bones typically appear lytic, with excessive
bone resorption. In the long bones, the disease typi-
cally advances along the diaphysis from a subarticular
location. This has been given the term “blade of grass”
appearance ([9]; Fig. 1). In the skull the osteolysis may
be seen as a zone of lucency, termed osteoporosis cir-
cumscripta (Fig. 2). In the tibia, the lytic phase may

Fig. 2 Lateral radiographof the skull showingawell demar-
cated zoneof radiolucency (arrow) corresponding to the lytic
phaseofPaget’sdisease, termedosteoporosis circumscripta

Fig. 3 Pelvic radiographshowing thequiescentphaseof
Paget’sdiseaseof the right hemipelviswithpersisting thicken-
ingof the trabeculae, boneexpansionandsclerosis.Notehow
the left hemipelvis is spared

begin in the diaphysis, rather than in a subarticular
location.

In the mixed phase the bones may show features
of both the initial lytic and late osteoblastic phase,
with the bones displaying osteolysis, coarsening and
thickening of the trabeculae; cortical thickening and
widening. In the pelvis, this may be seen as thickening
of the iliopectineal and ischiopubic lines, a very clas-
sic manifestation of Paget’s disease (Fig. 3). Acetabular
protrusion is also a common finding. In the spine the
vertebral bodies may be expanded, often also involv-
ing the posterior elements [10]. In the skull, there may
be a “cotton wool appearance” [11, 12].
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Fig. 4 Paget’sdiseaseof
thedistal right femur. Note
theactiveosteoblastic in-
creased radiotracer on the
bonescan (a) and remod-
elling shownonCT (b). The
activity isdifficult to appre-
ciateon theconcurrentMRI
scan (c)

In the late quiescent phase of Paget’s disease, the
previous osteoblastic activity is manifest as osteoscle-
rosis. The coarsened trabecula pattern persists, as
does the bony expansion. In the skull, the en-
largement of the diploic space is termed a “Tam-O-
Shanter” cap, named after the Scottish cap; whereas
in the spine, it is labelled as a “picture frame vertebra”.

The different phases may coexist in one bone at
any one time and display an array of radiographic
features. Identification of Paget’s disease may depend
on the activity of the disease, for example, if a pa-
tient is asymptomatic during a quiescent phase of dis-
ease, this particular area of the body may not be im-
aged and, therefore, the status of disease in this bone
will not be identified. This is relevant in determin-
ing whether a patient has monostotic or polyostotic
disease. A whole-body radiographic survey in con-
junction with a bone scan may be used to determine
the activity and distribution of disease [13].

Imaging modalities—strengths and weaknesses

Nuclear medicine scintigraphy (“bone scan”) is an
important radiological modality for assessment of
Paget’s disease, providing functional imaging as op-
posed to anatomical imaging. The ability to image the

whole skeleton enables assessment of the extent and
distribution of active disease. To undertake the study,
the patient is injected intravenously with radioactive
technetium-99 m which is labelled to hydroxymethy-
lene diphosphonate (Tc99m-HDP). The radioisotope,
being a diphosphonate, targets osteoblasts and is
a marker of osteoblastic activity. This therefore al-
lows excellent assessment of the phases of Paget’s
disease where there is osteoblastic activity. Thus, the
initial lytic phase, where osteoclastic activity predom-
inates, can be underestimated in extent on a bone
scan [14]. Bone scans are sensitive in Paget’s disease
but not specific, as any process causing increased
osteoblastic activity will be identified with increased
radioisotope uptake. Conversely, although sometimes
the pathology is very apparent on a bone scan owing
to the intense osteoblastic activity, it is difficult to
appreciate on other modalities, as there may not yet
be any major structural changes (Fig. 4).

Computed tomography (CT) is complementary to
radiographs in assessing Paget’s disease. It provides
anatomical detail and gives a three-dimensional as-
sessment of the bone structure. This can be partic-
ularly important in assessing the spine, where bony
detail can be obscured by overlapping abdominal or
thoracic structures (Fig. 5). CT gives excellent detail
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Fig. 5 Monostotic sacral
disease shownon thenu-
clearmedicinebonescan (a)
with theclassic featureson
obliquecoronal (b)andsagit-
tal (c) CT reformats

of the cortical and trabecular bone and is particularly
suited to showing the trabecular and cortical thick-
ening, osseous expansion and osteolysis (Fig. 6). In
the spine, Paget’s disease may manifest as vertebral
sclerosis, which may be termed an “ivory vertebra.”
Differentiating Paget’s disease involving the vertebra
from malignant conditions may depend on identify-
ing expansion of the posterior elements and trabec-
ular thickening [15]. CT may also be very helpful in
assessing the base of skull and facial bones, where ra-
diographs provide limited detail owing to the complex
bony anatomy.

Magnetic resonance imaging (MRI) may also be
used in assessment of Paget’s disease; however, the
pathology may be subtle and vary depending on the
phase of disease. MRI gives a good depiction of bone
marrow and soft tissues; however, it is less useful for
imaging trabecular bone. Commonly in Paget’s dis-
ease, the normal fatty marrow persists and the main
clue to the diagnosis on MRI is alteration of the ex-
pected contour of the bone (Fig. 7). The spine is com-
monly imaged with MRI for back pain and changes

of Paget’s disease may be overlooked if correlation
is not performed with other imaging, such as radio-
graphs [10]. During active remodelling of the long
bones, there may be regions of high short tau in-
version recovery (STIR) signal within the cortex. In
a more quiescent phase, the cortex typically shows
low signal on all sequences [16]. The medullary cav-
ity generally shows a seemingly normal fatty marrow
signal, like in unaffected bones, spuriously suggesting
it is not involved. There may be regions of hetero-
geneous T1 and T2 signal, corresponding to hyper-
vascular marrow. There may also be regions showing
low signal on both T1 and T2 images, representing
fibrous tissue or mineralised areas. Following con-
trast, there may be greater enhancement compared
with uninvolved bone, suggesting hyperaemia in the
Pagetic bone [17, 18]. Sometimes the manifestation of
Paget’s disease can be subtle and overlap with other
conditions, namely sclerotic metastatic disease. In
cases where definitive diagnosis of Paget’s disease is
not possible on imaging grounds alone, biopsy may
be required.
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Fig. 6 T8vertebral Paget’s
disease. Sagittal T1andT2
MRI images (a) showsub-
tle vertebral expansionand
heterogeneity in themarrow
signal (arrows) compared
with thenormaladjacent lev-
els. OnCT (b) the vertebral
expansion, sclerosis and
change in trabecular pattern
ismore readily appreciated
(arrows)

Fig. 7 L2Paget’sdiseasewithanormalmarrowpattern. SagittalMRI showingexpansionof the vertebra as theonlydiagnostic fea-
tureonMRI (arrows) comparedwith theCT

The above imaging modalities are used to assess
initial status of disease, but also treatment response.
Dynamic contrast-enhanced MRI has been used to
assess the response of Pagetic bone to bisphospho-
nate therapy, with patients showing reduced bone en-
hancement, and therefore reduced vascularity, follow-
ing treatment [19]. Bone scans can also be used to
assess any changes in osteoblastic activity following
treatment.

Ultrasound is of limited use in Paget’s disease as
the sound waves in the diagnostic spectrum do not
penetrate bone and therefore the modality does not
give an adequate assessment. However, in Paget’s sar-

coma, there may sometimes also be a soft tissue mass
which potentially can be assessed with ultrasound.

Fluorine-18 fluorodeoxyglucose positron-emission
computed tomography (F-18 FDG-PET-CT) is a func-
tional imaging technique in which positron emitting
fluorine-18 is labelled to glucose and data from this
component are fused with anatomical imaging from
CT. In uncomplicated cases of Paget’s disease, the
uptake of F-18 FDG-PET is modest, as this radiotracer
is a marker of glycolysis rather than osteoblastic ac-
tivity [20–22]. This is in contrast with a conventional
Tc99m-HDP bone scan, which is a marker of os-
teoblastic activity and shows increased uptake in the
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Fig. 8 L5Paget’sdis-
easewithpars interartic-
ularis fracture (arrow) and
resultant anterolisthesis
shownon thesemidline and
parasagittal CT images

active phase of disease. F-18 FDG-PET can be used as
a problem-solving tool if the diagnosis of Paget’s dis-
ease remains in question on other imaging modalities,
as it would not typically be expected to show intense
uptake. It may also have some utility in assessment
of metastatic disease in cases of Paget’s sarcoma, as
malignancy generally has increased F18 FDG-PET up-
take; however, this would be performed in a specialist
centre. F-18 FDG-PET is not currently in general clin-
ical use in imaging Paget’s disease of bone, as it is
not the optimal radiotracer to show increased bone
turnover, carries a high radiation dose, represents a
high cost and has relatively limited availability.

Fluorine-18 sodium fluoride positron-emission
computed tomography (18 F-NaF PET-CT) is an
emerging nuclear medicine technique, where the
F-18 positron emitter is labelled to sodium fluoride
which is taken up by the skeleton. Blood clearance is
faster and uptake in bone is greater for 18 F-sodium
fluoride compared to Tc99m-HDP, and 18 F-NaF PET-
CT has the potential to be more sensitive to skeletal
pathology compared to Tc99m-HDP bone scanning.
However, currently there is insufficient evidence to
recommend the routine use of 18 F-NaF PET-CT in
Paget’s disease of bone. 18 F-NaF PET-CT is used
in imaging skeletal metastases in specialist centres
[23] and may replace Tc99m-HDP bone scans in the
future, once it becomes more widely available and at
a reduced cost.

Complications

Fracture: Pagetic bone is abnormal bone, classified by
the World Health Organisation alongside metabolic
bone disease. The remodelling of the bone and its
disorganisation makes it structurally weaker and more
prone to fracture, and, once fractured, it responds dif-
ferently compared to unaffected bone. Bowing of the
tibia and femur may occur, and also in the spine, giv-
ing rise to kyphosis [24]. Insufficiency fractures typi-
cally are seen on the convexity of long bones and are
colloquially termed “banana fractures.” The femur is
a common fracture site, often in a subtrochanteric
location. In the spine, the weakened pars interarticu-
laris may fracture, resulting in an olisthesis (Fig. 8).
Fractures may also involve the vertebral body ow-

ing to the weakened bone. Pathological fracture has
also been described as a complication of Pagetic bone
treated with bisphosphonates secondary to induced
osteomalacia [25]. Radiographs are the most appro-
priate first-line imaging modality for assessing any
suspected fracture, with CT reserved for further clari-
fication with equivocal radiographs.

Arthropathy: Osteoarthritis secondary to the al-
tered bone structure and mechanical loading across
a joint is a recognised complication of Paget’s dis-
ease. One of the commonest sites for arthropathy is
the hip, owing to frequent involvement of the pelvis.
Protrusio of the acetabulum may be seen secondary
to the softening of the bones. Osteoarthritic knee
and facet joints are well-known sites of arthropathy
complicating Paget’s disease. Similar to suspected
fractures, radiographs are the first-line modality for
investigating arthropathy. Owing to its greater cost
and more limited availability compared to radiogra-
phy, MRI is typically reserved for cases where more
detailed assessment of cartilage and associated inter-
nal structures of the joint is needed.

Nerve entrapment: The expansion of the skull which
accompanies Paget’s disease may give rise to entrap-
ment of the cranial nerves, with CT being the opti-
mal imaging technique for assessing the skull base.
Optic atrophy and papilloedema may arise secondary
to skull base enlargement [26]. Deafness may arise
secondary to involvement of the middle ear ossicles.
Other rare complications include anosmia, trigeminal
neuralgia, and facial and bulbar palsy [27]. Expan-
sion of the vertebral bodies may cause spinal steno-
sis and consequent entrapment of the cauda equina
nerve roots, or cord compression. CT and MRI are
often used in a complementary manner for investi-
gating this complication, with CT better showing the
osseous expansion and MRI detailing the nerve en-
trapment. Peripheral nerves may also be entrapped,
such as the sciatic nerve between the ischium and
lesser trochanter, best imaged with MRI.

Malignancy: Pagetic bone may undergo malignant
transformation, with cases of osteosarcoma, chon-
drosarcoma and giant cell tumour reported [5, 24,
28–35]. In Avellino, a town in Italy, four members
of one family have been identified as having Paget’s
disease of bone complicated by giant cell tumour.
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Fig. 9 Paget’ssarcomaintheleft inferiorpubicramus. Frontal radiographofthepelvis(a)showingdestructionoftheleft inferiorpubic
ramus. MRIimages(b,c)showmoreclearlythelargesofttissuemass. Ultrasoundcanbeuseful intheassessmentofPaget’ssarcoma,
showingasoft tissuemasswithabnormal vasculature, asdemonstratedoncolourDoppler (d)

This suggests that there may be both a genetic and
environmental aetiology to both diseases [36]. Cases
of lymphoma arising in Pagetic bone and metastatic
disease have also been reported; however, it is not
clear whether this is related to the Paget’s disease or
coincidental [37, 38].

The greater the disease burden of Paget’s disease,
the higher the chance of malignant transformation,
with some estimates at between 5–10% in polyostotic
disease [35]. Cases of multifocal sarcomatous degen-
eration in patients with Paget’s disease have also been
reported [39]. The commonest sites of sarcomatous
degeneration reflect the typical distribution of disease,
with the femur, pelvis (Fig. 9) and humerus compris-
ing the majority of disease locations. Radiographic
signs of malignant degeneration are similar to non-
Pagetic bone and include osteolysis, cortical destruc-
tion, pathological fracture, periosteal reaction and soft
tissue mass. On MRI the replacement of normal fatty
marrow by tumour can easily be identified [34]. Ap-
pearances of sarcomatous degeneration on bone scan
may be variable and could be seen as a focal region
of relatively decreased radioisotope uptake in the tu-
mour cells against a background of increased isotope
uptake in Pagetic bone. This limits the utility of bone
scans in identifying malignant degeneration and their

use is superseded by MRI. CT may also be used to
show any bone destruction associated with the ma-
lignancy and any associated soft tissue mass (Fig. 10).
Occasionally, ultrasound can be used to assess a soft
tissue mass associated with the bone pathology.

Pseudotumour: This is a rare complication of
Paget’s disease and is manifest as a large soft tis-
sue mass with extreme bony expansion secondary
to the severe bone proliferation and disorganisation,
sometimes with haemorrhagic components. This may
be mistaken for a malignancy and biopsy is often war-
ranted for histological confirmation [32, 40]. A case
of subperiosteal ganglion has also been associated
with Paget’s disease of the bone, occurring in the
acetabulum [41].

Conclusion

Imaging plays an important role in the diagnosis and
follow-up of Paget’s disease. The imaging modalities
are complementary, with radiographs remaining vital
for disease characterisation and assessing complica-
tions. CT provides further detail of bony architecture
when needed, particularly in the spine. Functional
imaging, namely nuclear medicine bone scanning, is
useful for demonstrating the metabolic activity of the
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Fig. 10 Paget’s sarcoma
right proximal femur pre-
senting asapathological
fracture (a) througha lu-
cent areaof bonedestruc-
tion. Thebonedestruction
wasnot initially appreci-
atedand the fracturewas
managedwithan internal
fixation (b). Subsequent
imaging showed further
bonedestructionwitha large
soft tissuemasswhich re-
quired resection. Specimen
radiograph (c) andgross
specimen (d)

disease and providing a broad overview of the whole
skeleton. MRI predominantly images the marrow and
can therefore underestimate the presence of disease;
however, it is invaluable for assessment of complica-
tions, such as spinal stenosis and sarcomatous de-
generation. With the incidence of Paget’s disease de-
clining, it is useful to review the characteristic imag-
ing features to ensure that the medical community
remains aware of its appearance.
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