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Summary
The skeleton is one of the common places were many tumors metastasize. Skeletal metastases may profoundly affect
the patients’ quality of life by making them unable to move
freely and help themselves, while in some cases impingement
upon the CNS structures can cause neurologic symptoms. Early diagnosis of bone metastases is therefore very important in

Introduction
Skeletal metastases are notoriously known to be
commonplace in cancer patients. Actually nearly 70%
of cancer patients will present with bone metastases at
some stage. Breast, lung, and prostate cancers account
for about 80% of all bone metastases. The skeleton is
the third most common site of metastases of solid tumors, lagging just behind liver and lung metastases. The
axial skeleton i.e. the pelvis, spine and ribs, is usually
affected while the appendicular skeleton may be rarely
affected [1,2].
Early diagnosis of bone metastases is very important in order to determine prognosis and optimize
treatment, especially in patients with prostate or breast
cancer, which tend to have higher survival rates [3-7].
Moreover, it should be stressed that the definitive
diagnosis of skeletal metastases can be a difficult and
challenging task, especially in asymptomatic patients,
because of their variable imaging characteristics.
Bone scintigraphy, plain X-ray films, CT and
MRI are the mainstay for detecting osseous metastases. Additionally PET and PET/CT were recently introduced as very promising modalities. Besides their

order to prevent severe debilitating conditions. We review the
role of different diagnostic methods available for the detection of bone metastases, as well as their response to treatment:
bone scintigraphy, plain films, computed tomography (CT)
and magnetic resonance imaging (MRI). The role of positron
emission tomography (PET) and PET/CT is also discussed.
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unequivocal role for the diagnosis, during the last years
imaging methods play an essential role for the evaluation of treatment response, while image-guided biopsy
and intervention can effectively change for the better
the quality of life in these patients.
The purpose of this review was to present the current status of imaging in the diagnosis and also in the monitoring response to treatment of metastatic bone disease.

Pathophysiology of skeletal metastases
Bone metastases can occur in association with almost all kinds of malignancies. The majority comes from
primary tumors originating in the breast, prostate, lung,
thyroid gland and kidney. These cancers account for almost 80% of the cases of metastatic bone disease causing
significant morbidity. Furthermore, for some tumors, the
skeletal system is by far the commonest secondary involvement (i.e. 80% in prostate cancer) as there is a predilection for the osseous structures [6]. In children, skeletal metastases are usually the result of primary tumors,
like neuroblastoma, retinoblastoma, embryonal rhabdomyosarcoma, hepatoma and Ewing’s sarcoma [8].
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It is well known that bone formation is a finely
programmed and balanced process involving the continuous remodelling of bone, with main contributing
elements being osteoclasts and osteoblasts. This dynamic process, which is controlled by special factors,
may be disrupted by the migration of tumor cells into
bone. Cancer cells may be able to produce zinc-depended proteinases, and therefore degrade extracellular matrix proteins and the basement membrane. They can
subsequently migrate from the primary tumor, invade
surrounding tissues and enter the blood and lymphatic
systems. Hematogeneous spread seems to be the commonest route of dispersion via arterial or venous (i.e.
Batson’s plexus) routes.
Moreover, recent studies suggest that platelets
may protect circulating tumor cells from the immune
system, while special adhesion molecules may play an
important role for the invasion of skeletal system from
cancer cells [9-14].
Once these cells settle themselves within the bone
microenvironment, a series of paracrine interactions takes
place. As a result, an osteolytic or osteoblastic “insult”
occurs. Some key molecular elements for these interactions are parathyroid hormone-related protein (PTHrP),
tumor-produced endothelin 1 (ET-1) and endothelin A receptor (ETAR), bone morphogenetic protein 7 (BMP-7)
and platelet-derived growth factor (PDGF) [15-22].
Targeted therapies that could either block initial cancer cell chemotaxis, invasion and adhesion and
breaking so this “vicious circle”, would contribute to
the treatment of the disease [23].

Sites and types of metastatic skeletal lesions
Hematogeneous spread of skeletal metastases
usually results in multiple lesions of variable size. However, solitary lesions can be seen in patients with carcinoma of the kidney or thyroid. In such cases the radiographic differentiation from a primary bone tumor can
be extremely difficult.
The variability in size may help differentiate metastatic disease from hematologic malignancies, such
as plasma cell myeloma, as the latter exhibits a more
uniform pattern.
Imaging features of skeletal metastases actually
reflect the underlying pathophysiology at the molecular level. Therefore, metastases can be broadly divided
as either osteolytic due to bone resorption, osteosclerotic (or osteoblastic) due to bone formation, or mixed.
The most usual pattern of bone metastases is the
osteolytic type, representing about 50% of skeletal
metastases. These lesions are usually destructive and

are much more likely to be associated with pathological fractures [24].
Unfortunately, regarding the differential diagnosis of bone metastases, there are no strict rules to correlate the type of metastasis and the primary tumor. Purely osteolytic lesions typically arise from carcinoma of
the kidney, thyroid, uterus and gastrointestinal tumors,
although this pattern can also be seen in breast cancer,
multiple myeloma and neuroblastoma in children.
Sclerotic lesions are less common (35% of skeletal metastases), presenting mainly in patients with
prostate cancer, but may also be present in patients with
breast and lung carcinomas, brain primaries, carcinoid,
as well as lymphoma.
Mixed osteolytic-osteoblastic metastases represent 15% of all cases and generally occur in carcinomas
of the lung, breast, cervix, ovaries, testicles, but can be
present in colon, prostate and thyroid cancer as well.
The majority of metastases (80%) are located in
the axial skeleton or the skull. Involvement of hematopoietic active bone marrow can also be seen in the
proximal part of the femur and humerus (Figure 1).
Spinal involvement is more frequent in the lumbar region, followed by the thoracic and cervical segments. Metastases are commonly seen in both the vertebral bodies and in the posterior parts of the vertebrae,
with the latter being a hallmark of metastatic disease.
Destructive lesions of the skull may be associated with
the presence of a soft tissue mass and are often associated with renal or breast cancer.
Metaphyseal localization is predominant in long
bones while diaphyseal or epiphyseal lesions may also
be detected. Medullary bone is initially affected while
involvement of the cortex occurs at a later stage. Less
common sites of metastatic bone involvement (25%)
are the ribs and sternum [25].
Rare sites of osseous involvement have been reported to include the elbows and knees, and even the
hand and foot regions, referred to as “acrometastasis”.
These occur in just 0.007-0.3% of patients with malignancy, with the calcaneus and talus being the most
common bones involved [26].

Imaging methods
Over the last years, diagnosis, follow-up and response to treatment for skeletal metastasis have become more accurate and reliable due to major improvements in imaging methods. Furthermore, the development of image-guided biopsies and interventions (i.e.
radiofrequency ablation, stenting, stomias) have radically changed the quality of life of these patients.
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Figure 1. A: coronal T1-SE image of the femoral bones reveals a low signal area within the bone medulla in the metadiaphysis of the
left femoral bone with minor involvement of the cortex (arrows). B: coronal T1 fat-sat+gadolinium shows abnormal enhancement of
the affected area (arrows).

The imaging methods used for osseous metastases
include plain film radiography, bone scintigraphy (BS),
single slice CT and multi detector computed tomography (MDCT), MRI, PET and PET/CT, as well as single
photon emission computed tomography (SPECT).
Plain radiography
Although plain radiography is cost-effective and
easily applicable, it appears to be relatively insensitive,
especially for lesions less than 2 cm in diameter. Moreover, it is well known that osteolytic changes are apparent on plain x-rays after several months from disease
onset. This is due to the fact that at least 30-50% of the
cancerous bone has to be resorbed before the lesion can
be obvious on the X-ray films. It should also be stressed
that, if there is no cortical bone involvement or no reactive new bone formation, lesions may not be apparent,
even if they are extensively destructive [27].
Currently, plain radiography is being used to narrow down the differential diagnosis of a lesion that is
detected using skeletal scintigraphy and is a helpful adjunct to bone scintigraphy.
There are three patterns of osteolytic lesions on
plain X-Rays. These lesions could be either well defined (geographic bone destruction) or poorly defined,
with an aggressive pattern, which can be either motheaten or permeative.
Geographic bone destruction represents the least
severe form. It usually reflects the presence of a slowly growing lesion. An irregular or smooth margin may
be present, sometimes with a sclerotic rim of variable
thickness. On the other hand the moth-eaten bone de-

struction is a pattern indicating a more aggressive process. The margins of the lesion are poorly defined and
the transitional zone from normal to abnormal bone is
larger than in the geographic pattern. The permeative
pattern of bone destruction represents the most aggressive among the three types of bone destruction seen in
cases of bone metastases. Its characteristic feature is
poor demarcation from the surrounding normal bone.
Osteoblastic lesions may be nodular or diffuse.
Typically, nodular osteosclerotic lesions lack the spiculated appearance of a bone island.
Concerning spinal involvement, which is the commonest form, there may be variable radiologic findings.
Pedicle destruction is the most common plain film finding. It usually occurs as a result of further extension of
the metastatic deposit within the posterior part of the
vertebral body. On plain anteroposterior radiographs
it is seen as absence of one or both “eyes” of the vertebral body [28].
Indistinct posterior vertebral body margin may
also be a subtle but useful plain film clue, to indicate
bone destruction.
Another feature of metastatic disease that may
differentiate it from infection is the preservation of
disk height. In cases of collapsed vertebral bodies, differentiation from osteoporotic disease can be assumed
because of the location of the lesions, as metastatic disease includes involvement of the upper thoracic spine.
Presence of a soft tissue mass, pedicle destruction and
angular or irregular deformity of the vertebral endplates are indicative of metastatic disease.
Osteolytic metastases may have the same radiogra
phic appearance with subchondral cysts and Schmorl’s
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nodes in the spine and are therefore difficult to be differentiated [29]. Differential diagnosis of sclerotic lesions could be more difficult. An entirely radio opaque
vertebral body (the ivory vertebra) should be differentiated from the so-called corduroy vertebral body (which
shows accentuated vertical striations) seen in hemangiomas, or the rugger-jersey vertebral body (radiodense
stripes at the top and bottom) characteristic of renal osteodystrophy etc.
Bone scintigraphy
Since its introduction in the 1970s, technetium
(T)-99m bone scintigraphy has been the method of
choice for establishing the presence of skeletal metas-

tases. Because it is very sensitive (95%), cost-effective and can image the whole skeleton, it was used as
a screening examination method, especially in asymptomatic patients with known primary tumors [30].
In general, T-99m diphosphonate radionuclide
imaging depicts metastatic deposits as hot spots, as a
result of their increased osteoblastic activity (Figure 2).
As opposed to plain X-ray films, only a 5-10% change
in the ratio of the lesion to that of normal bone is required for an abnormal focus to be detected.
Lack of specificity is the major limitation of the
method. Differential diagnosis includes inflammatory
(osteomyelitis) or degenerative lesions (arthritis), various metabolic disorders (osteoporosis, osteomalacia),
as well as benign bone tumors [25,31].

Figure 2. Bone scintigraphy of the skeleton reveals abnormal uptake in the right iliac and pubic bones, the right sacroiliac joint, as well
as the L5 vertebra, in a patient with breast carcinoma.
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CT has become a valuable tool for the evaluation
of possible metastatic skeletal involvement.
The high resolution images provided by CT can
visualize bones without overlap; so even marginal differences in bone density in small lesions can be detected [34].
CT can easily demonstrate the extent and pattern
of bone destruction and can depict the presence of cortical involvement or a soft tissue mass extending from
the metastatic lesion, especially in areas with complex
anatomy like the spine and pelvis (Figure 3).
Furthermore, CT not only provides an excellent
survey of the axial skeleton, but it can also contribute
to the evaluation of the stability of skeletal metasta-

ses, as well as help in surgical planning with the use
of MDCT with multiplanar and three-dimensional reconstructions [35,36] (Figure 4). All these findings can
be obtained at the same time while staging cancer patients with CT.
CT is now available almost in every hospital and
therefore is an easily applicable method.
The CT patterns of metastases share similarities
to those seen in plain film radiography.
The diagnosis of an osteolytic lesion on CT is
based by the detection of destructive changes of the trabecular bone or the cortex, which are usually replaced
by a soft tissue mass.
The osteoblastic lesions can be more difficult to
diagnose. An indicative finding of malignancy includes
an ill-defined area of increased bone density, with loss
of definition of the trabecular pattern. Osteoblastic
metastases may become densely sclerotic and may occasionally have sharply defined margins. In this case,
differentiation between malignant lesions and benign
processes may be impossible. Multiplicity of the hyperdense lesions is helpful in diagnosing metastases [36].
Other imaging findings of bone reaction to the
presence of metastatic deposits seen on CT include
periosteal reaction, expansile bone remodeling, pathologic fractures and the presence of a soft tissue density
mass.
Periosteal reaction is limited or even absent in
metastatic lesions, in contrast to the extensive periosteal reaction commonly seen in primary malignant bone

Figure 3. Axial CT of the cervical - upper thoracic spine at the level of T1 vertebra (bone windows) shows a lytic lesion of the posterior parts of T1 vertebra, on the left.

Figure 4. Volume rendering (VRT) algorithm reconstructions with
the ability to have 3D images which can be rotated in different
planes, in order to better detect bony abnormalities.

It is well known that bone scintigraphy can also
be false-negative, especially in cases of very aggressive metastases, when there is extensive bone destruction without any reactive new bone formation [24], or
in patients with multiple myeloma as well as in other
osteolytic lesions, because they do not take up the radioisotope as osteoblastic lesions do [32,33].
Another drawback of bone scintigraphy is that
is less capable of depicting lesions located in the bone
marrow and cannot depict soft tissue involvement. Anatomic detail provided by bone scintigraphy is also limited, so it is often essential that abnormal scans are interpreted in conjunction with other imaging techniques.
Multi-detector computed tomography (MDCT)
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tumors. However, severe periosteal reaction leading to
bone spiculation and a sunburst appearance is evident in
some cases of metastases, especially in those arising from
prostate carcinoma or gastrointestinal tumors [36,37].
Expansile bone remodeling can be seen in patients
with carcinomas of the kidney, thyroid as well as in hepatocellular carcinoma. In some of these cases, a distinctive
septated appearance accompanies the osseous expansion.
It should be stressed that large expansile osteoblastic lesions may mimic Paget’s disease or even osteosarcoma.
The measurement of Hounsfield Units is considered to be helpful in the differentiation between benign
and malignant marrow lesions. An attenuation difference of more than 20HU between the two extremities
has been reported to be abnormal [37].
Because these findings are subtle, they may be
overlooked, as they are far less apparent than the marrow changes seen on MRI, and extra caution is required
when looking for metastatic disease.
As thoracic, abdominal, and pelvic CT examinations are often carried out for oncological staging, it is
important to check the examination on bone windows
settings as well. In this way skeletal metastases may be
detected during routine CT examinations in asymptomatic patients (Figure 5).
On the other hand CT may be also be useful in
the localization of a primary tumor in the chest, abdomen and pelvis, in patients who present with bone pain
and bone lesions compatible with metastatic disease,
but without any history of known primary malignancy.
Continuous hardware improvements for CT im-
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aging from single-slice scanners to 64 or 128-slice multidetector scanners have resulted in larger field of view
(FOV) and faster acquisition times with higher image
resolution.
In addition, fused SPECT/CT images can increase
the diagnostic confidence compared with separate sets
of scintigraphic and CT images, when it comes to differentiating malignant from benign bone lesions, as shown
by Utsunomiya et al. [38].
Modern CT scanners result in reduction of ionizing
radiation exposure as high as 70%, depending on the anatomical region, without limitations on image quality [35].
Additionally, CT enables the performance of biopsies in a minimally invasive manner. CT guidance
is very important, in order to determine the safest and
shortest route to the lesion for the precise placement of
the needle, particularly when dealing with small and
deep located lesions. New therapeutic possibilities,
including ablative techniques for palliation have been
developed. Radiofrequency (RF) ablation under CT
guidance has been widely used in the last years for palliation in patients with bone metastases. Several studies have concluded so far that RF ablation provides an
effective and safe alternative method of pain palliation
in patients with osteolytic metastases [39].
The response to treatment is another important
contribution of the modern CT scanners, helping the
management of cancer patients. Recent studies have
shown that CT is sensitive for the detection of changes
within the bones, indicative of treatment response. The
healing response to chemotherapy or radiation therapy

B

Figure 5. A: abdominal axial CT scan of the patient shown on Figure 3 (standard soft tissue windows) shows an inhomogeneous soft
tissue mass destructing the left iliac bone, with extension to the adjacent muscles (arrows). B: the bone destruction is better detected on
the bone windows, where cortical disruption and aggressive-type periosteal reaction can be seen (arrows).
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of a purely osteolytic lesion follows a specific course,
ranging from a subtle sclerotic rim in its periphery, to
the progressive bone sclerosis. CT is a very sensitive
method that may reveal even minor bony changes, indicating disease progression or response to treatment
[27].
Furthermore, radiation therapy itself is also associated with a number of osseous alterations, such as
osteopenia, trabecular coarsening, insufficiency fractures, ischemic bone necrosis and secondary neoplasia.
These changes may sometimes complicate the accurate assessment of the metastatic process. Quantitative
methods to evaluate bone response to treatment have
been elusive. CT density can be used to evaluate response to treatment. Differences in attenuation values
between pre and post treatment scans in patients with
bone metastases can be measured giving thus an objective indicator of osseous response to treatment [40,41].
SPECT, PET-PET/CT
The implementation of PET has started to overcome the limitation of low specificity of bone scintigraphy. During the last years, PET has been established
as a modern nuclear medicine method.
Because of the high rate of glycolysis, seen in
high-grade malignancies, PET can depict early malignant bone marrow. The tracer used is 2-[18F] fluoro2-deoxy-D-glucose (FDG) because it is a marker of
enhanced glucose uptake, which is characteristic of
malignant cells.
Another nuclear imaging method is planar
SPECT. Although there are differences between FDG
and 99mTc-diphosphonate, it is possible that the uptake
mechanism in bones is the same.
Recent advances in CT scanners, as well as the
clinical application of SPECT and PET fusion images
have the potential to positively influence cancer patients’ care. The development of SPECT-PET/CT scanners has introduced many new clinical applications in
oncologic imaging. CT can be very useful for the anatomic localization of a lesion detected with SPECT
and thus to clarify the nature of an abnormality with increased radiotracer uptake. Fused SPECT/CT images
increased the diagnostic confidence, when compared
with separated sets of scintigraphic and CT images for
the differentiation of malignant from benign bone lesions [38].
MRI
MRI is reported to be the most sensitive imaging
technique available for the detection of bone metasta-

ses, with a reported sensitivity of up to 100% in some
studies [42-49].
The major advantage of MRI is that it does not
involve ionizing radiation, is a non-invasive technique
and presents great tissue contrast compared to other
modalities already used. This technique can depict
metastases at an early stage, while it can also help in
tumor staging, screening, follow-up and response to
treatment.
Especially for the spine, MRI, apart from the excellent sensitivity, is extremely helpful for the identification of threatening complications of metastatic
disease (constriction of the spinal canal with/without
compression of spinal cord), by visualizing with high
clarification the vertebral body, as well as the paraspinal and intraspinal soft tissues.
Furthermore, it is useful in discriminating between benign and malignant vertebral collapse, as well
as in the differential diagnosis of metastatic from degenerative changes of the vertebrae. For this reason it
is frequently used to clarify equivocal findings in scintigraphy or radiography [43, 46, 50-53].
There are, nonetheless, a number of limitations
and drawbacks in its application like the relatively long
examination time, motion artefacts, reduced spatial resolution, limited availability and high cost. In particular,
long acquisition times may not be tolerated by patients
in poor condition [54-57]. In addition, there are some
patients who cannot tolerate MRI due to claustrophobia
or in whom MRI is contraindicated i.e. patients with
cardiac pacemakers, metallic implants, etc [24].
A standard MRI protocol would include a T1
weighted spin-echo sequence in addition to either a T2
weighted turbo spin echo image or a short tau inversion recovery (STIR) /Fast STIR pulse sequence. T1
weighted images with fat suppression and gadolinium
enhancement should also be used. Sagittal images are
mostly useful for the examination of the spine, whereas
complementary axial planes are useful if compression
of the spinal cord is suspected. Coronal slices are used
for imaging the pelvis and upper femora. Coil selection
and slice thickness is decided according to the anatomic region of interest [24].
MRI of bone metastases also depends on the relationship between the degree of bone resorption or deposition. Metastases initially infiltrate the medullary
cavity, destroying the cortex at the end [58].
On T1 weighted images, focal or diffuse areas
of low signal intensity are considered to be metastases, due to replacement of the normal fatty marrow by
the tumor. T1 weighted images before and after contrast administration must be evaluated in conjunction.
Metastatic lesions in fatty bone marrow that are hy-
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Figure 6. A: sagittal T1-SE image shows low signal intensity in the bodies of T11 and T12 vertebrae with posterior angulation of the
T11 vertebra body and small compression of the anterior subarachnoid space (arrows). B: sagittal T1 fat-sat+gadolinium image shows
enhancement of the affected vertebrae (arrows).

pointense on T1 images, exhibit contrast administration (Figure 6).
On the T2 weighted images metastases may have
high, intermediate or low signal, depending on tumor
morphology [31] (Figure 7).
On STIR images hyperintense areas, due to an increased content of water within tumor cells, may represent metastatic lesions, which are easily detected because
of the contrast which is created by the dark background
of the suppressed normal fatty marrow signal [28] (Figure 8). Osteoblastic metastases show a low signal intensity on both T1 and T2 weighted images, whereas their
signal intensity on the STIR images is versatile, ranging
from no changes in sclerotic metastases, to elevation of
the signal in tumors with high cellular component.
It’s not uncommon to identify edema surrounding
bone metastases. Schweitzer et al. examined the sensitivity of the “halo sign” as a predictor of metastatic dis-

ease. This was defined as a rim of high signal surrounding an intraosseous lesion on T2-weighted images. This
sign provided a sensitivity of 75% and specificity of
99% as a predictor of a metastatic focus. They found
however that different metastatic lesions often demonstrated a variety of appearances, though halos were most
commonly identified in prostatic cancer metastases [59].
Dynamic studies of signal enhancement after
gadolinium chelate contrast injection may be helpful
in differentiating between osseous metastases and benign bone marrow changes, such as hyperplastic bone
marrow formation.
New technical advances have been developed
in order to overcome field of view restrictions and increase patient comfort, but compromised spatial resolution, especially in peripheral body regions like the
head/neck and lower extremities [60].
The introduction of multi-channel MR scanners,
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Figure 7. Sagittal T2-TSE image shows low signal intensity of the
affected vertebrae without compression of the spinal cord (arrow).

with parallel imaging acquisition techniques (PAT) allows for the evaluation of the entire skeleton in shorter
time with no spatial resolution compromise even when
time-consuming but indispensable sequences are used
(e.g., STIR sequences).
The new concept for whole body MRI i.e. continuously moving table technique with the use of PAT is
very promising. Recently, a special reconstruction algorithm (SENSE) has been successfully applied on stationary receiver coils with arbitrary coil dimensions for
continuous 3D-gradient echo imaging of the complete
body without significant constraints in image quality.
Several authors have reported promising initial results
for 3D whole-body continuous data acquisition using
this technique [61-64].

Discussion
The major advances in modern imaging techniques have radically changed the scenery regarding ear-

Figure 8. Sagittal stir image depicts abnormally high signal intensity within the T11 and T12 vertebral bodies, consistent with the
presence of marrow edema (arrows).

ly and accurate detection of metastatic skeletal disease.
The main reason for that is the development of
MDCT scanners that offered the opportunity for detailed fused images with PET scanning, along with the
great advances in whole body MRI. Those two imaging
techniques are currently the mainstay in accurate and
detailed detection of bone metastases. They also contribute a lot to the follow-up and response to treatment
of osseous metastases.
Skeletal scintigraphy has been being used for
more than 30 years for the diagnosis of bone abnormalities. The combination of a high sensitivity rate and a
low effective dose (about 4mSv) [24] standardized this
technique as a reasonable screening examination method for oncological patients [65-70].
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Nevertheless, during the last few years, the importance of skeletal scintigraphy has been reviewed,
since studies have shown that detection of skeletal metastases in the bone marrow can be detected with MRI
before scintigraphic evidence is present [71-74].
Radiography is commonly used to evaluate symptomatic sites and to confirm findings seen on bone scin
tigraphy. It has also been used to assess the risk of pathologic fracture, which seems to be high if 50% of the cortex is destroyed by a lesion.
When combined with skeletal scintigraphy, plain
radiography is reported to be adequate in about 95% of
diagnoses. Thus, negative or equivocal X-ray findings,
or lesions in anatomically complex regions must be further investigated.
Radiographs have also been used for assessing response to treatment. The appearance of a sclerotic reactive rim in an osteolytic metastasis is the initial sign of
response to treatment, whereas increasing sclerosis in
the center of the lesion means progression of the healing process.
The development of imaging methods in radiology and nuclear medicine has offered new horizons
in diagnosis, follow-up, and response to treatment,
reflecting changes in cancer patient’s management.
Moreover, new interventional techniques have added
to the same perspective.
The implementation of CT and especially MDCT,
has greatly improved imaging of skeletal metastases.
The method provides the ability of multiplanar reconstruction which offers a quick and reliable method for
the detection of bone abnormalities with high resolution
images. The rest of the diagnostic work-up for these patients can be done at the same time. This complete diagnostic evaluation in a single examination without having to reposition the patients - a procedure that is necessary in conventional studies- is very important when
scanning patients in pain and in poor general condition.
MDCT is reported to be superior to radiography
in depicting bone metastases. It is helpful when scintigraphic findings have no apparent radiographic correlation i.e. in cases difficult to image due to their topography.
Krahe et al. compared radiography and CT examinations in 112 patients with metastases of the spine.
Plain radiography depicted 88% of the lesions identified with MDCT when the vertebral body was involved
and only 66% when other parts of the vertebrae were
affected. Intraspinal and paravertebral tumor extension
was correctly assessed in only 23% and 33% of cases,
respectively [75].
A recent study [35] has shown good correlation
in the detection of bone metastases between bone scin-

tigraphy and MDCT of the thorax-abdomen and pelvis
in metastatic breast cancer patients. MDCT was very
accurate in determining the presence of bone metastases. The authors of this paper suggest that, according
to their findings, routine bone scintigraphy of patients
presenting with metastatic breast cancer is not required
if a CT of the thorax, abdomen and pelvis is performed.
These results were similar with those of another study
[76] which recommend whole body MDCT (vertex to
knee) in replacement of bone scintigraphy in patients
investigated for bone metastases.
However, it is not yet clear whether MDCT is e
qual to MRI for the assessment of bony metastases.
First results have demonstrated a superior detection rate
in favor of MRI. In addition, CT is not appropriate for
bone metastases screening, as the radiation dose is high.
A disadvantage of the CT scanning is that advanced destructive lesions of the bone, particularly in the
absence of reactive new bone or cortical involvement,
may not be visible on CT scans. Additionally, its ability
to detect early deposits in bone marrow is limited [25].
A great development in nuclear medicine imaging was the implementation of FDG-PET in the evaluation and management of patients with malignancy.
With the use of this specific tracer, the enhanced glucose uptake by malignant cells can be depicted. However, this tracer is not specific for tumors and accumulates in infected cells as well.
FDG-PET scans are superior to bone scan in the
detection of purely osteolytic bone metastasis, in terms
of sensitivity [77].
Shie et al. performed a meta-analysis in order to
compare FDG-PET and bone scintigraphy for the detection of osseous metastases in patients with breast
cancer. FDG-PET appeared to have a higher specificity and thus may be better as a confirmatory examination than bone scintigraphy. However, it remains inconclusive whether FDG-PET or bone scintigraphy is
superior in detecting osseous metastases from breast
cancer [78].
Besides, FDG-PET has a high rate of false-positive results which makes additional examination with
other modalities necessary. That is because 18F is too
sensitive and one has to learn again how to read a “bone
scan”, as there are often many lesions present.
In some studies, FDG-PET was found to have a
higher sensitivity (90%) in comparison to other modalities, such as whole body MRI and T-99m scintigraphy [79].
On the other hand, the sensitivity of the method
for the evaluation of osteoblastic lesions is low, because of the acellular nature of these metastases [80].
To overcome the diagnostic “Achilles heels” of
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both FDG-PET and CT scans over the last years, the
combination of these methods has been implemented,
as the two in one PET/CT has become a reality with the
use of MDCT scanners.
In the study of Nakamoto et al. CT images obtained as part of PET/CT scanning were useful for
yielding the precise location of bone lesions and this
helped avoid the misdiagnosis of bone metastasis;
However, CT revealed morphologic changes in only
half of the lesions assigned as definitely or possible definitely positive as bone metastases on PET [81].
A study by Even-Sapir et al. showed that the specificity of PET/CT was significantly higher than that of
PET alone (97 vs. 72%, respectively). Based on patient
analysis, the sensitivity of PET and PET/CT was calculated to be 88% and 100%, respectively, whereas the
specificity was 56% and 88%, respectively [82].
Furthermore, in another study PET/CT proved
to have a very high positive predictive value (PPV) for
bone metastases (98%) when the findings on PET and
CT were concordant; however, in lesions with discordant PET and CT findings on the integrated examination, PPV was markedly diminished [83].
Modern MR images are reported to be superior to
bone marrow and skeletal scintigraphy in terms of accuracy for the detection of bone metastasis and this has
been verified by many studies [46,48,49,52,71,73,74,
84-87].
For example, Layer et al. compared the findings
of MRI and bone marrow scintigraphy in the screening
of skeletal metastases in breast cancer patients. They
found that MRI was superior to bone marrow scintigraphy with respect to sensitivity (92 vs. 58%, respectively) and specificity (97 vs. 85%, respectively) [87]. Furthermore, MRI has a reported sensitivity in the literature of up to 100% for the detection of metastases [46].
Whole body MRI, with the development of new
coils, new table concepts and ultra fast data acquisition,
is a very promising modality challenging both whole
body scintigraphy and whole body PET/CT. The first
whole body MRI study reported a sensitivity of 96.5%
and a specificity of 100% using Turbo-STIR imaging. In
the same study, the conventional method of planar skeletal scintigraphy had a sensitivity of 72% and a specificity of 98% [88]. Similar high rates of detection were revealed by Steinborn et al. in cases of various malignant
primary diseases. The whole body MRI detected 91.4%
of the metastases that were verified during the course of
the disease, whereas skeletal scintigraphy revealed only
89 of the 105 lesions (85%) [74].
Only a few study studies have directly compared
the performance of whole body MRI with PET/CT for
the detection of skeletal metastases.

Antoch et al. as well as Schmidt et al. found that
specificity was higher in PET/CT (80%) vs. whole
body MRI (76%). The additional metabolic information of PET helps in the discrimination between benign
and malignant lesions [89-91].
Further comparative studies are needed in order
to establish the role of whole body PET/CT vs. whole
body MRI; however, special diagnostic problems may
occur in children because of their highly cellular hematopoietic marrow, which may impair the detection
of bone marrow metastases [79].
Most false-negatives in scintigraphy were found
in the spine, while diagnostic problems for whole
body MRI occur in the thoracic cage and skull, especially when coronal imaging planes are used, a problem that is certainly increased by motion artefacts
[55,61]. These problems might be overcome when using fast turbo spin echo sequences for thoracic imaging complemented with axial slices when necessary.

Conclusions
Improvements in imaging technology have led to
greater sensitivity rates for the detection of bone metastases and better identification of the primary tumor.
They can also provide greater safety in guiding needle
biopsy and palliative treatment.
Plain radiography should not be used for the depiction of bone metastases, as its sensitivity is very low
compared to other imaging modalities. Plain films may
have a supplementary role and can be used to evaluate symptomatic sites, as well as to confirm findings of
bone scintigraphy.
Bone scintigraphy has been used as the screening method of choice for the evaluation of bone metastatic disease. Nonetheless, during the last few years,
MRI has been gaining ground as the gold standard
for the evaluation of bone metastases in patients with
known or suspected primary malignancy, especially
with the implementation of whole body MR imaging.
PET depicts early malignant bone marrow infiltration. The combined PET/CT scanners allow full
body imaging providing both anatomical and functional data during one examination period.
MDCT plays an important role in the management of cancer patients in clinical routine and gives an
excellent survey of the axial skeleton by demonstrating
osteolytic and osteoblastic metastases. It also provides
significant information regarding the stability of the
spine and serves as guidance in performing percutaneous biopsies and palliative treatments.
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