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Summary
Neoplastic conditions of developmental period are an important problem in oncology and pediatrics.
Multi-agent chemotherapy introduced in the 1970’s of the last century significantly improved the
results of treatment but still these tumors are the 2nd cause of death in children and adolescents.
Primary malignant bone tumors account for 1-1.5% of all neoplasms and for 7% of developmental
period tumors. Depending on the kind of tissue, bone tumors demonstrate various patterns of
growth, infiltration and internal architecture. Imaging methods are an important part of diagnostics
and the most effective tool of monitoring response to treatment.
Plains films were the only imaging technique for many years. In the 2nd half of 20th century,
angiography was introduced. Despite invasiveness, it showed malignant character of the tumor and
its extension in soft tissues.
In the 7th decade of the last century, ultrasound and computed tomography started being routinely
used in clinical practice. After a few years, resolution of these modalities was improved so that they
could better visualize musculoskeletal tumors.
Magnetic resonance imaging was the next step, this method came into use in Poland 16 years ago.
MRI is the best modality to show the extent of marrow involvement,
All the imaging techniques have their place in the diagnostic algorithm of bone tumors. Scintigraphy
plays an important role in detecting skeletal metastases and disseminated disease. Fusion of
radiological and nuclear medicine methods, PET-CT, brings new possibilities to musculoskeletal
tumor diagnostics.
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COMPUTED TOMOGRAPHY (CT)
The third imaging technique that should be used besides
conventional radiography and ultrasonography in bone
tumor diagnostic procedures in order to determine the
character of the tumor and the extent of the neoplastic
process is magnetic resonance (MRI) or computed tomogra-

phy (CT). MRI is the best for assessment of the soft tissues
and marrow cavity, as well as the neurovascular bundles
[25]. MRI visualizes also bone lesions, but many authors
still regard CT as the best method for assessment of the
cortical layer of the bone, periosteal reactions, as well as
calcifications and ossifications present in the tumor of the
soft tissue [5, 6, 13, 23, 25]. Additionally, CT is considerably
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cheaper and more available, and, if performed correctly,
provides a lot of useful information. The limitation of this
method is exposure of the patient to ionizing radiation and
iodine-based contrast media.
CT is routinely used as the most important method in
search for pulmonary metastases [1, 5, 13, 23, 24, 25].

Apparatus
The physical phenomenon utilized in CT is, like in conventional radiography, attenuation of X radiation by the
object present on its route. The intensity of X radiation
after passing through the examined object is measured
in a detector placed on the other side. Many thousand
such measurements are performed during such a process
and after data processing an image of a single layer perpendicular to the long axis of the body is obtained. The
measurements of X rays passing through the body provide
the basis for reconstruction of radiation attenuation coefficients for the tissues located in the examined plane. The
value of the attenuation coefficient is a composite function of X radiation energy quantum and atomic numbers
of elements and electron density of the tissues. Various
atomic numbers of elements and their variable content
in the tissues allow to obtain images in various shades
of gray, dependent on radiation attenuation coefficients,
assessed in Hounsfield units. Osseous tissue containing
high amounts of calcium has attenuation coefficients of
1000 and more Hounsfield units. By appropriate selection
of the window level and width, various scales of values
allowing to assess soft tissues and bones in the same layer
can be obtained [13, 33]. High resolution and possibility
of computed data processing allows precise assessment
of the structure of examined organs and visualization of
pathologic foci even 1 mm in diameter. The contrast of CT
images can be increased by administration of a contrast
medium.
The CT scanners used today belong to the third and fourth
generations. The number of detectors, arranged in a few
rows, reaches several hundred, and a fan-like X-ray
beam covers the whole object during one impulse, with
simultaneous shift of the patient at a constant rate (helical CT) [34]. This markedly reduces the examination time
and increases the reconstruction potential of the technique (3D reconstruction). Bone tumors can be examined
also with a single-row CT scanner, but the potential for
reconstruction for surgical purposes will be worse. Tissue
blood supply studies, investigating perfusion of neoplastic tissue, requiring special software for dynamic perfusion imaging, will be increasingly important in modern
diagnostics.
Lungs should be examined with helical CT scanners only,
because of their characteristics: short examination time
makes it possible to perform the scan during one inspiration, which eliminates the effect of „omitted” and „overlapping” layers present in classic sequential CT [24].
The examinations can be documented as photos, but
more and more frequently the images are stored in electronic form, especially useful for presentation of 3D reconstructions.
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Methodology of CT imaging
CT in musculoskeletal system tumors is first performed
for diagnostic purposes, the second time after induction
chemotherapy as a preoperative examination, alone or
supplementary to MRI [1]. In the postoperative period it
is performed as a control examination after radical and
conservative surgery with placement of bone implants. CT
assessment after conservative surgery using endoprostheses or other large metal elements is more difficult because
of artifacts. Conventional radiography and sonography are
predestined for postoperative control of bone tumors. In
the therapeutic period, CT is performed rarely, for special
indication, e.g. for confirmation of tumor progression or
lack of response to the applied treatment. It can also be
used for monitoring of chemo- or radiotherapy in case of
inoperable tumors, as it visualizes changes in the bone
taking place as a result of the therapy, differences in the
size and structure of soft tissue tumors, changes of blood
flow in the tumor, bone marrow remodeling and periosteal
reactions [5, 6, 25].
CT for bone tumor diagnostics must meet specific requirements: high-resolution software (tissue contrast resolution – 0.2 %, linear resolution below 1 mm), matrix 512x512,
an appropriate window and filter for bones and soft
tissue.
Window values are dependent on the quality of a specific
CT scanner and camera, they should be adjusted individually, also to the assessed structure (e.g. cortical layer
or periosteal reaction). The most frequently used approximate values are: bone window W = 1000-3000 HU,
L = 200-600 HU, soft tissue window W = 300-500 HU, L
= 30-60 HU.
Slice thickness and table shift rate depend on tumor size
determined on the basis of conventional radiography. For
tumors with the longitudinal dimensions not exceeding
5 cm, slice thickness and table shift ranges from 2 to
5 mm. In case of larger tumors, slice thickness is 5-10 mm,
whereas table shift rate reaches 10 mm. For more detailed
imaging of a selected fragment of the tumor, slice thickness
and table shift can be reduced to 1-2 mm [35].
The scan should cover the joint proximal to the bone lesion
down to the level of normal bone marrow density values,
always beyond the extent of the tumor. If the tumor is
large, both joints should be included within the scanned
area. It is also advisable for the purposes of potential conservative surgery, that the tomogram should visualize the
examined bone with both joints, which will allow accurate
measurements of the extremity.
If possible, comparative examination of the extremities is
performed, always in case of legs and forearms. It is rarely
possible for the humerus.
Non-ionic contrast medium is administered intravenously
in the amount of 1 ml/kg, in case of large soft tissue tumors
1.2-1.3 ml/kg to visualize the size and morphology of these
tumors as well as the vasculature and its relation to the
tumor.
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Diagnostic period
During the diagnostic period, CT is performed to assess the
character and stage of the tumor, i.e.
1) localization
2) size
3) character of bone lesions
4) periosteal reaction
5) involvement of the marrow cavity
6) characteristics of soft tissue tumor
7) relation with the adjacent anatomic structures
8) characteristics of malignancy.
Ad 1) – CT can accurately determine the topography of the
tumor in the tissues where it develops: epiphysis, metaphysis, shaft of the bone and sometimes its relation to the
growth cartilage. For soft tissue tumors: the muscle, group
of muscles, the whole muscle or its fragment involved. The
distance of the tumor from the articular spaces can be calculated, which is important in planning of conservative
treatment.
Ad 2) – CT can assess the extent of bone lesions, the size of
soft tissue tumors and the extent of the infiltration in the
marrow cavity. These parameters are expressed in centime-
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Figure 1. Osteogenic sa of the femur, CT. Patchy lytic changes,
periosteal elevation, Codman’s triangle, discretely calcified
spicular reactions. Poorly demarcated inhomogenous
extracortical tumor, with hypodense foci and tiny
calcifications. A. Bone window. B. Soft tissue window.
C. Infiltration of the medullary cavity.
ters, according to the linear scale. The transverse, sagittal
and longitudinal dimensions of the tumor are calculated.
The tumor volume should also be calculated if it is possible
with the CT program for calculation of irregular ellipsoid
volume: the tumor volume is equal to sum of the volumes
of the particular slices of 1.0 cm thickness. The slice volume
is calculated automatically after delineation of the tumor
contours in the slice, in the bone, soft tissue and marrow
[36]. To assess the tumor volume, the solid volume formula,
associated, however, with much higher measurement error,
can also be used. We propose the simplified revolution ellipsoid volume formula: for lesions with a periosteal tumor
V = a ⋅ b ⋅ c ⋅ 0,52, for lesions limited to the bone V = a ⋅ b
⋅ c ⋅ 0,785, where a, b, c correspond to three dimensions of
the tumor: longitudinal, transverse and sagittal [37]. The
baseline tumor volume is of prognostic significance; tumors
with volume exceeding 100 ml are usually associated with
worse prognosis, and changes in tumor size and volume as
a result of chemotherapy are monitored to assess the tumor
response to treatment [18, 38].
Ad 3) – bone destruction (osteolysis) and neoplastic osteogenesis with calcification (sclerotization) takes place in
bone tumors. Both these proceses are visualized in CT
images. Geographic type osteolysis with well-delineated
clear borderlines is easier to assess. It is more difficult to
differentiate between permeation osteolysis and “motheaten” pattern on the basis of CT – both types are visualized
as small, unclearly delineated bone defects but both occur
in malignant processes (fig. 1a, 6d).
Generally, CT assessment of osteolysis due to compression
caused by a soft tissue tumor developing in the vicinity of a
bone arouses no doubts. The contour of the bone is usually
regular, without disruption of the periosteum. In cases of
external infiltration of the bone by soft tissue tumors it is

67

Review Article

A

© Pol J Radiol, 2008; 73(2): 65-76

B

Figure 2. Osteogenic sa of the femur, preoperative CT (the same patient as in fig. 12). Sclerotic changes of cortical bone, calcification of periosteal
reactions, calcifications in the extracortical tumor. Big regions of the tumor still uncalcified. A. Bone window. B. Soft tissue window.
sometimes difficult to determine unequivocally the direction of infiltration by CT. In massive osteolysis, the bone
can be destroyed completely with bone fragmentation.
Sclerotization of the bone can be due to calcification of neoplastic osseous tissue or necrotic foci. Both these proceses
are similarly presented by CT.
Ad 4) – normal periosteum is invisible in CT images, but all
periosteal reactions, including thickening, can be visualized
by CT. Computed tomography, because of its properties, is
predestined to visualize such delicate structures as slightly
calcified periosteum and its reactions. Images obtained in
three planes yield complete information about all current
periosteal reactions, giving a reliable visualization of their
calcification (fig. 1a, 1b).
Ad 5) – bone marrow cavities of the long bones contain yellow bone marrow composed mainly of adipose tissue, which
is characterized in CT by negative radiation attenuation
coefficient values. Bone marrow with neoplastic infiltration changes its density, reaching positive values (fig. 1c)
However, unequivocal differentiation between small infiltrations and edema of the bone marrow, possible in MRI,
cannot be obtained with CT. Bone marrow cavity assessment is facilitated by comparative scans of both extremities, the normal and the tumor-affected one. It should be
remembered that bone epiphyses (only of the radius and
proximal femur in adults), the ribs, vertebrae, hip bones
and sternum contain red bone marrow (involved in active
hemopoiesis), which demonstrates positive radiation
attenuation coefficient values.
Ad 6) – CT visualizes in a satisfactory way (although not
perfectly as MRI) the character of soft tissue tumors,
allowing to determine their structure (homogeneous,
inhomogeneous). Differences in tissue density indicate
the presence of solid and cystic parts, necrotization and
necrotic areas, calcifications and ossifications. A significant increase of attenuation coefficient values within the
tumor after contrast administration indicates pathologic
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vascularization, suggesting a malignant process. Soft tissue tumors can be regular or irregular, encapsulated or
non-encapsulated, well or poorly delineated, with clear-cut
or obscured borderlines. More invasive tumors are usually
poorly delineated, partially encapsulated, or they have no
capsule at all. Sometimes determination of their borderlines by CT is difficult; biphasic CT is usually helpful in
such cases – a pathologically vascularized tumor shows
more intensive contrast enhancement than the surrounding normal muscles. Tumors hypodense in comparison
with muscle tissue, not enhanced with contrast medium,
are also difficult to differentiate from the edematous area.
Generally, edema accompanying the tumor shows lower
attenuation coefficient values.
Similar analysis is carried out for soft tissue lesions accompanying bone tumors (fig. 1b, 6d)) In such cases, it is very
important to delineate the tumor borders – whether it is
subperiosteal, or extends beyond the periosteum, infiltrating the adjacent tissues.
Soft tissue lesions accompanying bone tumors may contain
calcifications and ossifications (fig. 1a). Neoplastic osteogenesis is observed not only in osteosarcoma. In Ewing’s
sarcoma, calcifications are formed as a result of secondary
mineralization of tumor necrosis foci. It is very difficult
to determine the character of such calcifications. They
are described in morphological terms, like in radiography,
with respect to size – large, massive, small, fine; number
– single, multiple; shape – patchy, cloud-like, granular,
regular, irregular, character – merging, vague; degree of
calcification – slightly calcified, calcified, significantly calcified. However, calcifications due to osteogenetic periosteal reaction – with lamellar or spicular structure are
easy to distinguish.
Ad. 7) – CT generally allows to assess accurately the relation of tumor-related bone lesions to the growth cartilage and the articular structures; appropriately small
slice thickness and low table shift rate, or reconstruction,
should be applied. On overall assessment of the scan it can

© Pol J Radiol, 2008; 73(2): 65-76

Diagnostic imaging of primary malignant...

be determined whether the soft tissue tumor is contained
within one anatomic compartment, or extends beyond its
limits (intra- or extra-compartmental tumors).
Ad 8) – CT, like X-ray and US, visualizes the characteristics of bone tumor malignancy. Thus, the type of the tumor
– malignant or benign – can be determined in most cases.
As indicated by our experience, it is superior to conventional radiography in this respect. The ultimate diagnosis,
in case of both unequivocal and dubious imaging results, is
established on the basis of histopathology.
Therapeutic period and preoperative examinations
CT is rarely used in bone tumors in the therapeutic period
(see Methodology). If it is performed, tumor reactions to
chemo- or radiotherapy are assessed according to the same
criteria as in the preoperative examination, i.e.:
1) changes in tumor size and volume,
2) extent of necrosis, regression and viable tumor tissue areas,
3) changes in periosteal reaction.
The response to treatment is assessed – like in radiography,
US and MRI – as:
– complete regression (CR),
– partial regression (PR),
– stabilization (SD),
– progression (PD).
Ad 1) In case of bone tumors, measurements of bone, marrow cavity and soft tissue lesions are mandatory, like in the
diagnostic period. The preoperative examination must also
determine accurately the distance of neoplastic lesions from
the articular space – important for planning the procedure
– mutilating or conservative. The tumor volume is calculated
again, using the same method as in the diagnostic period.
A decrease in tumor size does not indicate unequivocally
good histological response to treatment and can be observed
both in case of good and poor responses, whereas an increase
usually indicates a poor response [6, 18, 38]. After induction
chemotherapy of bone tumors, the paraosteal tumor usually
decreases in size, whereas the extent of neoplastic process in
the marrow cavity remains unchanged.
Ad 2) It is sometimes difficult to distinguish the necrosis,
regression and viable tumor tissue areas in CT. If hyperdense, vascularized tissue is replaced by hypodense, noncontrast-enhanced areas, they can be regarded with high
probability as necrotic areas. Regression and viable tumor
tissue areas are practicably undistinguishable in CT. In the
bone, remodeling of tumor lesions, i.e. calcification of neoplastic tissue and necrotic foci, known as sclerotization, is
assessed (fig. 2a, 2b). Sometimes viable neoplastic osteogenesis can be misinterpreted as remodeling of neoplastic
lesions or osteogenic periosteal reactions. Changes in isodense areas within the tumor, due to a decrease in size and
formation of calcifications (fig. 2a, 2b), are also important
from the point of view of response assessment. A decrease
in their size is not a univocal indicator of response type,
whereas an increase indicates poor response [6].
Ad 3) The assessment of periosteal reactions is very important to determine the response to treatment (fig. 2a). The

Figure 3. Follow-up study in a case of osteogenic sa. A pulmonary
recurrence.
changes in number and degree of calcification of lamellar
reactions, repair reactions of the infiltrated periosteum,
Codman’s triangle remodeling and changes in spicular reactions - degree of calcification, incorporation and number
of spicules are described [5, 13]. Generally reduced number
of layers, complete repair of the periosteum disrupted at
the site of the periosseous tumor and complete Codman’s
triangle remodeling indicate good response to the therapy
[6]. Calcification and partial remodeling of periosteal reactions are observed both in good and in poor responses to
tumor treatment [6].
Chest CT in search of pulmonary metastases is first performed in the diagnostic period prior to the start of chemotherapy, and then in the preoperative period [1, 5, 25]. After
the surgery, during adjuvant chemotherapy and after its
completion, chest CT is performed according to the protocol applicable for a specific tumor and stage of the disease
(localized or disseminated) – usually at 3-month intervals
during the first 1-2 years, once in 6 months to 5 years [24].
There are no univocal criteria concerning further lung control, both with respect to the frequency of scans and to the
follow-up period. Chest CT is usually performed once a year
during the next 5-year period (fig. 3).

MAGNETIC RESONANCE IMAGING (MRI)
MRI is a particularly important method in the diagnostics
of bone tumors. It is the optimal technique of bone tumor
assessment, as it determines most accurately the extent of
the neoplastic process in the bone, marrow cavity and soft
tissue, as well as relation of the tumor to neurovascular
structures [7, 25, 39].
The indications for MRI are as follows:
1. Verification of the diagnosis,
2. Determination of topography, size, morphology of the
tumor and involvement of the bone marrow cavity,
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Figure 4. Ewing’s sa of the fibula. MRI during initial chemotherapy, coronal plane. A. STIR. Inhomogenous tumor, infiltration of the medullary
cavity does not exceed bony lesions. B. T1WI after Gd administration. Inhomogenous contrast enhancement of the tumor;
calcifications and areas of regression do not enhance.
3. Monitoring of the therapy – assessment of response to
chemotherapy, assessment of operability,
4. Diagnostics of local recurrence and metastases.

Methodology of MRI

MRI has become indispensable in evaluation of tumor size,
bone marrow cavity involvement and lesions of the adjacent
soft tissues. It is a sensitive technique, but its specificity is
inferior to sensitivity, it cannot also replace histopathology in
assessment of malignancy of the lesion, although attempts of
differentiation (benign / malignant) can be made in dynamic
MRI after gadolinium administration, described below in the
section concerning the assessment of chemotherapy effects.
Differences in vascularization of these tumors are visualized
in the rate and mode of increase of contrast enhancement,
and, consequently, in the shape of the enhancement curve.
The accuracy of assessment is improved after administration of a contrast medium which contains gadolinium. The
subsequent scan allows to differentiate infiltration-related
lesions from edematous areas surrounding the tumor. The
possibility of obtaining images in all projections needed by
the clinician (fig. 4, 5), without the necessity of secondary
reconstruction from primary cross-section slices is important. The extent of the scan and the selection of an appropriate coil depend on the location and size of the tumor.

Malignant bone tumors usually demonstrate high signal
intensity in T2-weighted and low in T1-weighted images,
have inhomogeneous structure and obscured borderlines [4].
The scan visualizes the extent of marrow cavity involvement, degree of cortical bone layer damage, size of the
paraosteal tumor and signs of infiltration of adjacent tissues: the muscles and the neurovascular bundle. After contrast administration, inhomogeneous tumor enhancement
is usually obtained, except for the necrotic and calcified
areas (fig. 4b). In both sarcoma types, the presentation and
involvement of the bone marrow is important for the therapeutic process, including the choice of method and extent of
surgical treatment. MRI is the best method for assessment of
changes within the bone marrow. It should be remembered
that there are also physiological changes taking place in the
marrow during development and maturation of the skeletal
system, or due to marrow dysfunctions associated with the
therapy or coincident diseases, e.g. anemia, when marrow
reconversion may occur. Conversion of red to yellow bone
marrow is gradual, asymmetrical and inhomogeneous. For
tumor surgeons the extent of marrow cavity involvement
determining the extent of the surgical procedure or irradiation field is the most important (fig. 4a, 5a). Accurate
delineation of the pathology borderlines can reduce the
number of secondary, more mutilating procedures, relapses
or metastases [39].

The limitation of the method is difficult differentiation of postoperative as well as post-chemo- and radiotherapy changes
from residual lesions or relapses, however, dynamic MRI
allows to overcome this problem. The presence of metallic
postoperative elements and endoprostheses makes it more difficult, or sometimes impossible, to perform the scan [23, 40].

Apparatus
Imaging of musculoskeletal system tumors with equipment
characterized by higher magnetic field intensity, optimally
1.5T, providing higher resolution, is recommended.
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Diagnostic period

The marrow is assessed simultaneously with the bone
and paraosteal tumor changes. The examination include
spin echo sequence in T1-weighted images (fig. 4b, 5b),
T2-weighted images with fat saturation and STIR sequence
(fig. 4a). The lesion extent is best assessed in T1-weighted
images, which provide optimal contrast between red and
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Figure 5. Ewing’s sa of the humerus. MRI during initial chth, sagittal plane. A. T1WI. The extracortical tumor involves ½ of the bone, infiltation of
the medullary cavity – 2/3. B. T1WI, FATSAT – part of dynamic examination. C. Color-coded contrast enhancement of the extracortical
tumor on dynamic examination. D. The curve of contrast enhancement in a suspicious focus (1) is not typical of viable tumour tissue.
yellow marrow and pathologic changes, red marrow is
hypointense in comparison with yellow one. T2-weighted
images with fat saturation demonstrate high signal intensity both of the tumor and of necrotic, hemor rhagic or edematous areas. Therefore, the lesion size can be overestimated.
Contrast administration in T1-weighted images with fat
saturation allows to detect even small lesions of the bone
marrow. In some cases, other sequences and quantitative
methods are used in marrow assessment. Routinely, quick
sequences allowing to reduce the time of the scan are used
[39, 40]. Keeping in mind that the lesion extent in the marrow cavity can be larger than that of the bone and soft tissue tumor, the examination should be planned so that the

visualized area includes all the affected marrow, and, optimally, the whole bone with both adjacent joints (fig. 5a).
Long scanning time requiring from the patient to remain
motionless, can be a problem in children. For this reason,
the most important sequences should be performed first.
They include projection along the long bone axis (coronal or
sagittal) in T1-weighted images, then the projection perpendicular to it (axial) in T2-weighted images with fat saturation, or STIR [4].
In any case, the relation of the tumor to vascular structures and nerves is indispensable. High tissue specificity
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allows to differentiate the tumor and the surrounding edematous area from perivascular adipose tissue, whereas differentiation between tumor adherence or early infiltration
of the neurovascular bundle is very difficult. However,
involvement of neurovascular structures is very rare in
osteosarcomas and accounts only for 4% of cases, so the
above shortcoming is less important [4]. The possibility to
perform angio-MRI sequence, both in the arterial and in
the venous phase, is very useful for assessment of the relations between vascular structures and the tumor, their neoplastic infiltration and potential flow disturbances [40].
MRI performed in the diagnostic period involves the following measurements:
− length of bone marrow cavity involvement area,
− length of the paraosteal tumor in longitudinal section,
− two dimensions of the bone tumor and the paraosteal
tumor in transverse section,
Therapeutic period and preoperative examinations – assessment of chemotherapy effects
Tumor response to induction chemotherapy is one of the
most important information for clinicians in treatment of
bone tumors. MRI allows the most reliable, non-invasive
assessment, in which changes of tumor size, borderlines,
signal intensity and contrast enhancement can be determined easily. It is necessary to assess tumor size to confirm
the effects of the therapy and to plan the surgical procedure as conservative as possible [41]. However, tumor size
alone does not provide sufficient information concerning
response to treatment and does not correlate with histopathological response: e.g. an increase in size may indicate poor response, but may also result from a hemorrhage
to necrotic area formed as a result of good response to
chemotherapy [4, 23].
Signal intensity changes in osteosarcomas and Ewing’s sarcomas also do not allow definite assessment of response
to chemotherapy [4, 42]. Tumor regression is closely correlated with the duration of treatment and tumor biology
(malignancy grade and sensitivity to chemotherapy).
Response to treatment is demonstrated by a decrease of
edema surrounding the tumor, presence of hemorrhagic
foci, increase of necrotic areas and more intensive calcification of the tumor. Signal decrease in T2-weighted images
after chemotherapy (cht) is a characteristic, but not very
sensitive indicator of histopathologic response. It is a result
of tumor tissue replacement by oligocellular matrix. Lower
signal intensity is not univocal evidence of good response
to treatment, confirmed histopathologically. Increased signal intensity can be due to edema, correlated with poor
response to cht. On the other hand, high signal intensity
in T2-weighted images can be also due to necrosis within
the tumor or cyst-like post-hemorrhagic lesions, formed
as a result of good histological response to chemotherapy.
A low-signal margin on the tumor periphery, due to the
presence of dense collagen fibers, is a characteristic feature
in both sarcomas after cht.
Comparative assessment of T1-weighted images before and
after intravenous contrast administration provides information about vascularization of the tumor. However, strongly
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enhanced residual lesions (or tumor recurrence) cannot
be distinguished from granulation tissue newly formed
as a result of the therapy, neovascularization of necrotic
tissue or reactive congestion [4]. The tumor elements which
are not enhanced by contrast include primarily the oligocellular tissues: fiber bundles, well-differentiated osteoid,
cyst-like elements, chondromatous areas, ischemic necrosis, edema.
Dynamic examinations after contrast medium administration are definitely superior to static ones in this respect.
In consecutive repetitions of the scan after intravenous
administration of gadolinium, various parameters of contrast enhancement are determined: enhancement rate
(index of contrast enhancement in time), time interval
between the initial moment of enhancement in the blood
vessel and in the tumor. Contrast enhancement curves are
plotted on the basis of regions of interest selected by the
examiner [42]. Assessment of the images after subtraction of images before and after contrast enhancement,
which visualizes more clearly the enhanced areas, is also
possible. Enhancement is assessed in the region of interest with reference to the signal obtained from unaffected
muscles and blood vessels (fig. 5c, 5d). Rapid, early and
high contrast saturation occurs in viable tumors accompanied by tissue edema [4, 42]. Three contrast enhancement
curves have been described. Type I – rapid enhancement
with subsequent plateau or signal decrease – is typical of
a tumor. Type II – early enhancement increasing steadily
– can occur both in malignant an in benign lesions. Type
III – delayed, weak and slowly increasing enhancement – is
typical of non-neoplastic lesions, such as necrosis and reactive changes after the therapy [44]. Rapid contrast enhancement observed in time to 6 s after arterial enhancement
indicates the presence of viable tumor tissue. Slow rise
of the enhancement curve in dynamic studies allows to
exclude a malignant lesion [44]. The tumor tissue shows
more intensive enhancement than the muscles, but weaker
than the blood vessels. Necrotic areas demonstrate weaker enhancement than the muscles, but increasing slowly
[43]. Edematous areas around the tumor show no contrast
enhancement.
Monitoring saturation curve changes during chemotherapy
helps to assess the response of the tumor to treatment.
Marked reduction of enhancement and its increase rate
after chemotherapy is regarded as a favorable effect. Good
response to chemotherapy is characterized by at least 90%
of necrosis within the tumor (grade III or IV in histopathological tumor necrosis assessment system according to
Huvos) [21]. If no high-signal areas are present in first-pass
MRI images, this suggests good response to cht. The accuracy of dynamic MRI in differentiation between good and poor
response to cht is estimated to reach 85-100%. Therefore,
the examination should be performed before and after neoadjuvant cht. High-signal areas present in first-pass images
provide an indication for the pathologists, that these tumor
areas feature active malignant process and require special,
mapping-based assessment in the surgical material [44].
Dynamic MRI is also applicable in differentiation of posttherapy changes: postoperative, after radiotherapy, residual
tumor tissue or tumor relapses. Dynamic studies also allow
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Figure 6. PNET of the 3rd metatarsal bone of the left foot. A. Plain film. Nearly total osteolysis. A big tumor after biopsy, drainage in the soft
tissues. B and C. US. Homogenous, clearly demarcated mass in the diaphysis, bone destruction and calcification, pathological vessels
among calcifications. D. CT. Nearly total osteolysis, a big, contrast-enhanced tumor in the soft tissues. Deformation and infiltration of
the adjacent bones.
to distinguish a viable tumor from scarring, granulation
tissue or inflammatory changes characterized by different
enhancement curves.
Assessment of cht effects, as compared with histopathology,
demonstrates ca. 70% accuracy in static MRI and ca. 85-90%
accuracy in dynamic MRI [45].
In postoperative assessment of patients with limb prostheses, MRI is associated with considerable artifacts and less
applicable for this reason. If there are no artifacts caused

by the prosthesis (allograft after mutilating surgery), MRI
can be applied in monitoring of patients for potential local
recurrence and detection of residual tumor tissue after nonradical surgery. In such cases, T2-weighted images, STIR
sequence and dynamic studies are predominantly used.

Magnetic resonance spectroscopy (MRS)
The usefulness of magnetic resonance spectroscopy in
assessment of tumor response to chemotherapy is now
being investigated. Phosphorus spectroscopy (31P MRS)
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Figure 7. Osteogenic sa of the femur. A. Plain film. Lytic and sclerotic
changes (new bone formation), Codman’s triangle,
spicules, an extracortical tumor. B. US. An inhomogenous
extracortical tumor, pathological vessels, Codman’s
triangle. C. MRI. Bone destruction, calcifications, a big
extracortical tumor. Medullary cavity infiltration does not
exceed the boundaries of the bone tumor.
can be used for assessment of tumor metabolism and monitoring of its changes taking place during chemotherapy. In
comparison with normal tissues, malignant lesions, and
sarcomas of the bone in particular, demonstrate low levels
of phosphocreatine, decreased phosphocreatine to ATP ratio
and low concentrations of phosphomonoesters, inorganic
phosphates and phosphodiesters. Such condition is a result
of decreased oxygen metabolism, consequent to reduced
perfusion due to impaired blood flow. Tumor growth is
associated with an increase in the concentrations of inorganic phosphates, phosphomonoesters and phosphodiesters.
Many changes in the phosphorus spectrum have been
observed, including, in particular, a decreased level of inorganic phosphates, phosphocreatine, and increased concentrations of phosphomonoesters and phosphodiesters. The recurrence of abnormalities in the MRS spectrum can indicate
tumor relapse. However, there are difficulties in application
of this technique, especially in osteosarcoma. Bone tumors
are heterogeneous and the indication of voxel localization is
not standard. However, it seems that hopes for the future can
be associated with this noninvasive “chemical biopsy” [23].
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Recently published reports describe the use of proton spectroscopy (1H MRS) in differentiation of changes in bone
and soft tissue tumors. Spectroscopy using the single voxel
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technique with multi-echo sequence and setting the voxel
in strongly enhanced areas in first-pass images in dynamic
MRI demonstrates the choline peak in malignant lesions
and on this basis malignant and benign lesions can be differentiated with 95% sensitivity, 82% specificity and 89%
accuracy [46].

Conclusion
Long-term experience of our Department in the diagnostics
of osteogenic sarcoma and Ewing’s sarcoma at all stages of
the disease has provided the basis for the proposed diagnostic algorithm, applicable in case of these tumors.
I. Diagnostic period

II. During induction chemotherapy
X-ray
US
also chest CT (in case of metastases)
III. Preoperative period (after induction cht)
X-ray with measurement
MRI+dyn
US
Chest CT
CT of the lesion if necessary
IV. Follow-up after the therapy
X-ray
US
Chest CT
also MRI if a relapse is suspected

X-Ray
Diagnostic efficiency of imaging modalities in case of osteogenic sarcoma and Ewing’s sarcoma:
benign lesion

STOP
observation

ambiguous lesion

malignant lesion
Local
Assessment
staging of metastases
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CT
US
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X-ray
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CT
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+
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Examples of imaging diagnostics in Ewing’s sarcoma/PNET
are illustrated in figs. 6a-d, and in osteogenic sarcoma – in
figs. 7a-c.
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