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Abstract The primary assessment of pediatric bone

lesions is performed using radiographic imaging and is

categorized according to criteria of aggressiveness. Mag-

netic resonance imaging plays a complementary diagnostic

role in select cases, for example, when there are charac-

teristics of fatty content, cysts with and without fluid–fluid

levels, cartilaginous matrix, and low signal intensity on T2

sequences. In bone lesions presenting an aggressive pat-

tern, MRI is the chosen method for locoregional staging

and non-invasive evaluation of response to neoadjuvant

treatment.
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Introduction

The term bone tumor is a broad category which includes

neoplasms, tumor-like conditions, reactive focal abnor-

malities, and metabolic diseases [1•].

The neoplastic processes can be categorized as benign

and malignant, and the latter may be subcategorized as

primary and secondary. It is estimated that primary benign

tumors are ten times more common than primary malignant

tumors. Despite encompassing more than twenty different

histological varieties, the majority of primary malignant

tumors are osteosarcomas (OS-52 %) and Ewing’s sarco-

mas (ES-34 %) [2, 3].

The secondary bone involvement by metastasis or pri-

mary bone tumors, such as chondrosarcoma, is common

among adults, whereas it is an exception among children.

Inversely, lesions such as eosinophilic granuloma, simple

bone cysts (SBCs), and aneurysmal bone cysts (ABCs) are

typical in children.

Numerous imaging techniques are available for the

assessment of bone tumors; however, radiography is still

the primary screening technique and the least expensive

method for the detection and histological characterization

of most tumors or tumor-like bone conditions [1•, 4, 5].

The radiographic characteristics of bone tumors provide

essential information for the definition of aggressiveness,

mainly by the way of analyzing the margins of the lesion,

according to Lodwick’s classification, the presence and

type of periosteal reaction, and cortical modifications [1•,

5]. Therefore, even in cases of unspecific lesions identified

primarily with magnetic resonance imaging (MRI), con-

ventional radiography should be used.

Following up an accurate evaluation of the radiographs in

conjunction with knowledge of the patient’s age, sex, and

clinical presentation cannot be overemphasized because it
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determines the next step in the evaluation of the abnor-

mality. Patient management follows one of four paths: [1•]

no future observation or treatment required (for example,

metaphyseal fibrous defect); [2] observation with periodic

plain film examination (e.g., enchondroma); [3] biopsy and

excision (e.g., benign intracompartmental lesions); or [4]

further imaging for staging before biopsy and surgery (e.g.,

aggressive benign lesions, indeterminate, and malignant

tumors) [4]. Other imaging studies may be useful in further

characterization of lesions in groups 2 and 3.

The limitations of radiographic assessment relate to the

low contrast of non-mineralized tissue which results in low

sensitivity in detecting extension to the soft tissues. Despite

the trabecular bone constituting a mineralized tissue,

intramedullary extension is also limited in the radiographic

study. This is even more evident in aggressive processes, in

which the tumor growth wave exceeds the velocity of the

trabecular lysis, as well as the fact that radiographic study

can only identify trabecular lysis when there is a 30–40 %

bone mineral destruction. These two factors can cause the

true intramedullary extension of the lesion to be

underestimated.

By providing high contrast of tissue and proving superior

to CT imaging in the intra and extraosseous evaluation of

lesions [6••, 7], MRI is the chosen modality to glean more in-

depth information regarding the extent of the process,

especially in cases of suspected malignant tumor. MRI is

regarded as the most effective method for local pre-operative

staging [7–9, 10••, 11, 12]. Besides this, the analysis of signal

intensity (SI) using a variety of MRI may add propaedeutic

data, narrowing down the diagnostic possibilities (Fig. 1).

Technical Aspects of MRI

There are two main groups of MRI indications in the initial

approach of focal bone lesions. The first is lesions with

characteristics of low aggressiveness but with undeter-

mined etiology in which more detailed content is sought,

such as SI on T1 and T2, solid or cystic nature, the pre-

sence of fluid–fluid level or fat, findings which can con-

solidate the idea of conservative activity, or in some cases

guide local resection surgery or curettage.

The second group contains lesions which present

aggressive characteristics and will undergo biopsy (ideally

performed after MRI), and whose objective is locoregional

staging.

MRI evaluation should begin with localization sequen-

ces, including longitudinal images of the whole bone

containing lesion and its proximal and distal articulations.

In the group of lesions with radiographic characteristics

showing aggressiveness, the longitudinal sequence should

maintain a wide field of view (FOV) and inclusion of the

articulations, avoiding an inaccurate staging assessment

such as that caused by a skip lesion, and hindering the

surgical management and limb salvage.

The assessment should analyze the following sequences

in the axial and longitudinal planes: T1-weighted spin echo

(T1W SE), T2-weighted fast spin echo (T2W FSE) and its

variation with fat saturation (T2W FSE FS) or STIR (short

tau inversion recovery), T1-weighted spin echo with fat

saturation (T1W SE FS), and this same sequence after

intravenous gadolinium contrast media injection (T1W SE

FS Gd-CM) with focus on maintaining repetition time (TR)

and echo time (TE) on T1W images before and after Gd-CM.

T1W SE sequence produces excellent contrast between

cortical bone, bone marrow, and surrounding soft tissues,

as well as relatively high spatial resolution. Most bone

tumors are readily evident as well-defined regions of low

signal against a background of surrounding fatty marrow.

Although T1W images also can be obtained with FSE or

gradient-echo (GE) pulse sequences, virtually all the arti-

cles that have described the signal characteristics of various

bone tumors have reported on T1W SE.

Fig. 1 X-ray with geographic margin without periosteal reaction,

suggesting lesion with low aggressiveness. However, image shows

tapering and apparent cortical rupture in the posterior aspect (a). MRI

was performed for better analysis of the posterior aspect of the lesion,

in which characteristics of cyst were demonstrated, with a high signal

on T2 (c), low signal on T1 (b) and peripheral enhancement after Gd-

CM(D). This was a complicated simple bone cyst with fracture. X-ray

profile (a), axial T1 (b), axial T2 (c), and axial T1 post-contrast (d)
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T2W FSE and STIR sequences can be considered to

produce a ‘‘pathology scan,’’ which shows high signal

within most tumors due to their increased water content.

Frequency-selective FS becomes essential when using

these FSE sequences, as they often show both fat and tumor

with similar, relatively high SI.

Contrast-enhanced MRI is important in characterization

of bone tumors, as well as in assessment of response to

therapy and detection of recurrent tumor. A Gd-CM

accumulates in well-vascularized tissues and it manifests as

increased SI on T1W images. Because fat also has high

signal on T1W images, it is essential to apply frequency-

selective FS with both pre- and post-Gd enhanced images.

In some cases, it can be helpful to subtract the pre-contrast

images from the post-contrast images to emphasize the

regions that enhanced [13]

The advanced MRI techniques using diffusion and per-

fusion sequences are indicated in staging lesions and may

also be used in some specific cases of non-aggressive

lesions.

Advanced MRI Techniques

For some patients, conventional MR imaging is unable to

provide a specific histological diagnosis or determine the

true extent of tumor necrosis, which is used to assess

response to treatment and the prognosis [14]. These

patients may benefit from advanced MR imaging tech-

niques, such as diffusion-weighted imaging (DWI),

dynamic contrast-enhanced (DCE) perfusion imaging, and

in phase/opposed-phase MR imaging.

MRI diffusion-weighted images (DWI) demonstrate the

Brownian stochastic motion of water molecules on a

microscopic level within tissue and DWI signal is derived

from motion of water molecules in the extracellular,

intracellular, and transcellular space, as well as in the

intravascular space (micro-circulation-perfusion fraction)

[15]. DWI is, therefore, the reflection of the microscopic

tissue structure, and the motion of water molecules is more

restricted in tissues with high cellularity, intact cell mem-

branes, and reduced extracellular space.

DWI is able to measure diffusivity by the application of

diffusion sensitizing gradients to T2-weighted images,

currently most commonly via single shot echo planar

imaging (SS-EPI) sequences.

DWI is normally carried out using at least two b values

(e.g.,: b = 0 s/mm2 and another value of b, between 0 and

1,000 s/mm2) to allow a significant interpretation. The

qualitative analysis of DWI is in the visual analysis of SI of

different b values. For example, the cystic or necrotic

section of a tumoral lesion will produce a lower SI in

images of a high b value because the diffusion of the water

molecules is less restricted, in contrast, the more solid

cellular tumors will continue to show a relatively high SI.

The quantitative analysis is represented by the apparent

diffusion coefficient (ADC:units: lm2/s or 10-3 mm2/s).

Areas of restricted diffusion (i.e., because of high cellu-

larity) have high SI on DWI but lower SI on ADC maps.

DCE imaging provides physiologic information that

cannot be determined from conventional MR imaging,

including information regarding tissue vascularization and

perfusion, capillary permeability, and the volume of the

interstitial space.

DCE MR imaging is performed with fast (usually vol-

umetric) GE sequences that are prescribed over a section or

volume of interest and repeated several times after intra-

venous contrast agent administration, to exploit the con-

trast-enhancement properties of a tumor. An intravenous

injection of 0.1 mmol/Kg of gadolinium-based contrast

agent is performed using an infusion pump at a rate of

2–5 mL/s, followed by 20 ml of saline solution, and

imaging takes place with a temporal resolution of 5–30 s

for approximately 3–7 min. With this technique, quantita-

tive information on lesion enhancement can be displayed

graphically in a time-intensity curve, by measuring signal

intensities in one or more circular or freely determined

regions-of-interest (ROI) following a bolus injection of Gd-

CM. Pixel-by-pixel post-processing techniques create

parametric images that display the contrast-enhancement

( =subtraction images) or physiologic information, like the

initial ( =first-pass images) and delayed rate of contrast

agent accumulation ( =wash-out images).

Chemical shift MRI may be useful in distinguishing

benign and malignant marrow processes, mainly by iden-

tifying whether the processes contain fat [16•]. A 20 %

decrease in SI on the opposed-phase images relative to that

on the in-phase images is a reliable quantitative metric for

distinguishing benign from malignant bone marrow in the

spine [17–19], but caution should be used, provided the

utility of chemical shift imaging is likely more important in

distinguishing a true marrow- replacing tumor from an

infiltrative process such as bone marrow edema, hemato-

poietic marrow, or other infiltrative lesions rather than for

strictly distinguishing benign and malignant bone tumors.

Role of MRI in Bone Tumors

Characterization

There is considerable overlapping in the radiographic

characteristics of different histological groups of bone

lesions, and in this context, some MRI findings may pro-

vide valuable information in order to reduce the diagnostic

differentials.
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Fat SI Within Tumors

The presence of intratumoral fat is confirmed by hyperin-

tense signal on T1W images, which is suppressed on the

T1W FS without contrast, reinforcing the need for the latter

sequence in protocol of osseous tumors. In the absence of

T1W FS images, in order to consider the possibility of fat

content, the lesion must show the same high SI in T1W and

loss of SI in the T2W or STIR sequences; however, this

same signal activity may occur due to the subacute hematic

component or melanin.

The majority of lesions containing fat are benign,

including hemangioma and intraosseous lipoma. Lipomas

are the principal fatty bone lesions, either entirely or par-

tially composed of fatty content, and may concomitantly

present cystic components (Fig. 2), fatty necrotic areas,

dystrophic ossifications, and fluid–fluid level [20–23].

Lipomas are most commonly found in the proximal region

of the femur (transtrochanteric and subtrochanteric region)

and the calcaneus. Parosteal lipomas are very rare and

appear as just a cortical fatty masses accompanied by

osseous excrescences and cortical thickening at the base

[24]. Osseous liposarcomas are rare and may also contain

fat, however, they usually present signs of aggressiveness

[25, 26].

Hemangiomas, which also contain internal fat, are per-

meated by thick bony trabeculae [27].

Certain primary bone lesions may also undergo fatty

change with time such as ABCs and SBCs, particularly in

the calcaneum [22, 28]. Malignant lesions such as

metastasis and lymphomas may undergo fatty involution

following radiotherapy [29] and in rare cases,

chemotherapy.

Medullary bone infarcts are non-neoplastic lesions that

typically demonstrate peripheral serpiginous sclerosis with

a central area of fat SI [30••]

Cartilaginous Lesions

Cartilaginous neoplastic lesions have characteristic mor-

phological and SI features in MRI. These tumors are typ-

ically present with lobulated margins which are isointense

to muscle on T1W images and markedly hyperintense on

T2W or STIR images, they commonly contain internal and

peripheral hypointense vascular septa, which enhance with

gadolinium. Another characteristic that may be seen is

punctate areas of signal void, due to matrix mineralization.

Such features typify low-grade tumors as chondroma

(Fig. 3), atypical chondroma, and low-grade (grade 1)

chondrosarcoma.

Despite the rarity of chondrosarcomas in pediatric

patients, some signs should be observed in order to dif-

ferentiate between high and low degree lesions. In relation

to the intramedullary chondral lesions, Murphy et al. con-

clude that the most reliable features suggestive of chon-

drosarcoma are endosteal scalloping greater than 2/3 the

thickness of the cortex, cortical destruction, extension to

the epiphysis, and soft tissue extension. A concentric

growth pattern rather than lobular growth, size greater than

5–6 cm, and areas of heterogeneous low T2W may also

suggest malignancy [31]. Furthermore, whereas chondro-

mas have more frequently inhomogeneous peripheral or

central enhancement, chondrosarcomas have low signal

septa, which separate the high signal lobules and enhance

markedly in a ring and arc fashion [32]. Chondrosarcomas

of all grades can show early enhancement (within 10 s),

with some demonstrating exponential enhancement on

dynamic-enhanced gradient- echo (GRE) MRI. Chondro-

mas demonstrate no ([2 min) or late (10 s–2 min)

enhancement with a gradual increase in enhancement.

Absence of enhancement is useful in excluding malig-

nancy, whereas early and exponential enhancement is

suggestive of chondrosarcoma [33].

Fig. 2 Intraosseous lipoma Coronal T1 (a), coronal T2 (b) and

coronal T1 post-contrast (c). Lipoma in the metadiaphyseal region

with hyperintense signal on T1 without fat saturation (a) and with

hypointense signal on T2 with fat saturation (b) and without

enhancement by contrast (c), cystic degenerative foci are also seen

in the superior medial aspect, characterized by high signal on T2 and

low signal on T1 and peripheral enhancement by contrast
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Contrary to all other cartilaginous bone lesions, chon-

droblastoma more typically demonstrates low to interme-

diate heterogeneous SI on T1W and T2W images, lobular

internal architecture and fine lobular margins on MRI [34]

(Fig. 4). Chondroblastoma are epiphyseal lesions, and such

as osteoid osteoma, frequently are surrounded by bone

marrow edema.

Osteochondromas have well-recognized imaging fea-

tures. An exostotic bone lesion that is continuous with the

underlying marrow cavity is identified. A cartilage cap is

often demonstrated, which is low to intermediate SI on

T1W and hyperintense on T2W/STIR sequences (Fig. 5)

[30••]. Malignant transformation occurs in the cartilage

cap, and cap thickness of greater than 20 mm in children,

as depicted optimally on axial T2W MRI, is the best pre-

dictor of malignant change to chondrosarcoma [35].

Cystic Lesions

Bone cysts are characterized upon the identification of only a

thin rim of peripheral enhancement. The SBCs often have a

low SI on T1 and a high SI on T2 homogenous [13], and the

ABCs commonly present fluid–fluid levels [36]. In both, T1

shortening may reflect haemorrhagic or proteinaceous

content resulting in signal which is higher than water and in

SBCs, fluid–fluid levels (FFLs) are usually seen following

fracture [37]. Other changes following fracture of cystic

lesions include apparently solid areas and a variety of

enhancement patterns, including focal nodular, heteroge-

neous central, a thick peripheral rim, and subcortical with

adjacent soft tissue enhancement (Fig. 1) [13, 37].

Fluid–Fluid Levels

FFLs may occur whenever substances of differing densities

are contained within a cystic or compartmentalized struc-

ture (Fig. 1) [38]. Usually, they are related to prior hem-

orrhage or tumor necrosis. The prevalence of FFLs in bone

lesions is 2.7–11.2 % [36, 39] and is most commonly

reported in ABCs, but they have been identified in many

different types of bone tumors, both benign and malignant,

leading to the conclusion that they are a non-specific

finding. Secondary ABC formation within a primary bone

lesion (e.g., giant cell tumor, osteoblastoma, chondroblas-

toma, and fibrous dysplasia), which occurs with a fre-

quency of up to 35 % in several large series, may be the

cause of the large number of bone tumors that may present

with FFLs [39].

Fig. 3 Endochroma in the distal metaphyseal region of the fêmur

with lobulated contours, heterogeneous with areas of hyperintense

signal on sagital T2 (a) and axial T2 (b) permeated by low signal foci

on T1 (c) and T2 (mineralized matrix), with no posterior cortical

tapering (b, c), presenting predominantly peripherical and septal

lobular enhancement (d)

Fig. 4 Lesion compromising right greater trochanter apophysis with heterogeneous signal on T1 and T2 (a, b), associated with adjacent bone

marrow edema, also compromising the femoral neck with hyperintense signal on T2 (b) and enhancement post-Gd (c). Chondroblastoma
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The proportion of the lesion filled with FFLs may be

related to the likelihood of malignancy. As the proportion

of the lesion occupied by FFLs increases, so does the fre-

quency of benign diagnoses. Conversely, if a lesion con-

tains less than 1/3 FFLs, it is more likely to be malignant,

most commonly conventional central OS [39].

Fibrous Matrix and Hemosiderin Deposition

Tissues may demonstrate low SI on both T1W and T2W

sequences, including osteoblastic or fibrous matrix or due

the paramagnetic effects of hemosiderin. Fibrous tumors,

as non-ossifying fibroma (NOF) (Fig. 6) and desmoplastic

fibroma of bone most commonly have hypointensity on

T2W images, and SI are dependent on the amounts of

hypercellular fibrous tissue, collagen, and bone trabeculae

[40, 41].

Giant cell tumor frequently demonstrates hypointensity

on T2W images related to hemosiderin deposition from

recurrent hemorrhage. This may demonstrate a nodular,

zonal, whorled, or diffuse pattern [42].

Long-standing lesions that have sustained repeated

trauma may also present hemosiderin deposition and low SI

on T2W, such as SBC, fibrous dysplasia, and haemangioma.

Locoregional Staging

Accurate pre-operative local staging techniques allow

planning of limb-saving surgery in patients with primary

bone sarcoma, and MRI has surpassed CT and angiography

in this task [7, 8, 43, 44••].

MRI is mainly important in determining the longitudinal

intraosseous extent of the tumor, and its relationship with

the physis, joint, muscle compartments, and neurovascular

bundles.

The objective of analysis of the intraosseous extension is

to determine the proximal and distal limits of the lesions

and correlate them with surgical reference points, aiding in

the surgical planning, and is best performed in the longi-

tudinal plane on T1 (Fig. 7) [9, 10].

Surgeon may prefer to leave the epiphysis intact with a

segmental (intercalary) resection when possible, sparing

the physis and growth potential. Furthermore, leaving the

epiphysis tends to preserve the natural joint and a better

functional outcome [45]. The parallel analysis of T1 and

STIR images indicates epiphyseal extension of osteosar-

coma as a low SI on T1 and a high SI on STIR or by

disturbance of the normal architecture of the physis or

epiphysis. Peritumoral effects (possible edema, hemato-

poietic marrow, or angiogenesis) usually show an inter-

mediate signal on T1 or STIR imaging, have indistinct

margins, and do not disturb the physeal or epiphyseal

architecture. Although observations of T1W and STIR

sequences related to epiphyseal involvement were equally

accurate, STIR was more sensitive overall and T1 was

more specific [45].

Longitudinal T1W SE images, by using a large FOV,

were found to have a higher sensitivity than conventional

radiography and bone scintigraphy for the detection of skip

lesions in patients with bone sarcoma [8]. A skip metastasis

(Fig. 7) is suspected whenever one or more nodular foci of

hypointense signal are identified on T1W, anatomically

separate from the primary lesion and occurring either

within the same bone, or across the adjacent joint, then it is

categorized as a trans-articular skip [46]

Intra-articular extension of bone sarcomas is one criterion

that determines whether a patient is a candidate for an intra-

or extraarticular resection. Extraarticular en bloc resection is

required in cases of tumor extension into the joint space,

which results in inferior post-operative function

Fig. 5 11-year-old male with distal lateral thigh pain and radiogra-

phy (unavailable) with small lateral exostosis of the distal fêmur. Due

to the extent of pain, MRI was requested to evaluate the complication

of the osteochondroma. MRI T1 W characterizes small lateral

exostosis (a). T2W images (b, c) identify the cartilage cap with no

signs of transformation, with thickness of 3.0 mm, and show signs of

friction between the osteochondroma and the iliotibial tract with

edema in the interjacent myoadipose plane (b, c)
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Fig. 7 6-year-old male experiencing pain and thigh edema for

2 months and fever for a week. X-ray displays interrupted periosteal

reaction (a). MRI was carried out for staging with wide FOV images

showing an aggressive lesion with bone marrow involvement and

extension to adjacent soft tissues on T1 (b, c) and T1 pos-Gd (d,

e) with no cleavage plane with femoral vessels (d) and the presence of

distal metadiaphyseal skip metastasis of the fêmur (b, e, f). The

patient underwent chemotherapy, to which he showed a good

response, with a volumetric reduction greater than 75 % of the tumor

(e, f). Ewing’s sarcoma

Fig. 6 Excentric post-erolateral metadiaphyseal lesion of the distal fêmur with low signal matrix on STIR (a) favoring the diagnosis of fibrous

matrix (non-ossifying fibroma). There was diffusive impregnation of the lesion by Gd-CM (b). Non-ossifying fibroma
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Considering the presence of tumoral enhancement

exceeding the capsular and synovial plane or cortical and

articular cartilage as articular invasion (Fig. 8), or in the case

of the knee, intracapsular and extrasynovial enhancement of

the anterior cruciate ligament, MRI showed sensitivity of

100 % but limited specificity (69 %). The absence of joint

effusion is significant because of its high negative predictive

value (92 %); however, its presence should not be inter-

preted as articular tumoral extension, being detected in up to

69 % of patients without articular involvement [47].

Extraosseous extension encompasses the assessment of

muscle compartments, fascia, adipose tissue, and relation of

the tumor to large neurovascular bundles. For this purpose,

sequences which display greater contrast between tumoral

mass and all other surrounding tissues, especially the neu-

rovascular bundle are useful. T1W SE post-Gd enhanced

images, when compared with T2W SE images, rated better

for differentiation between tumor and muscle and between

tumor and fat, and was also considered superior in demon-

strating the relationship to the neurovascular bundle. Neu-

rovascular bundle may be classified as ‘‘not involved’’ when

a clear interface is observed between the tumor and the

bundle structures, ‘‘equivocal’’ when a thin layer of normal

tissue is interposed, and ‘‘involved’’ when they are contig-

uous (no free tissue plane can be visualized on one or more

images) (Fig. 7). Using these criteria, Van Trommel et al.

were always correct when MRI indicated the vessels were

not involved. With equivocal involvement, vessels were

involved in approximately 50 % of cases, and when vascular

involvement was diagnosed on MRI, they were correct in

three out of four cases [48].

Monitoring Neoadjuvant Chemotherapy

The gold standard for the assessment of response to pre-

operative chemotherapy is the histopathological analysis of

the resected tumor that separates good and poor respondents

among patients with osteosarcoma and Ewing’s sarcoma

[44••, 49]. Several histological classifications have been pro-

posed, always based on the percentage of tumor necrosis and

viable-appearing tumor. It is an independent major prognostic

parameter for relapse-free and overall survival in patients with

osteogenic sarcoma [50] and Ewing’s sarcoma [51].

The imaging prediction of response to chemotherapy may

allow modification of neoadjuvant treatment protocols in

poor respondents, select patients for the performance and

timing of limb-salvage surgery, plan the radiation therapy,

and select the post-operative chemotherapy regimens [44••].

Prediction of response to preoperative chemotherapy

with MRI is primarily based on changes in gross mor-

phology, such as tumor size and margins, on changes in SI

and enhancement patterns after injection of contrast agents,

or on changes in DWI [52, 53].

Evaluation of response by way of MRI follows the

fundamental principle of attempting to differentiate viable

areas of tumor from all other intratumoral areas, which

include areas of liquefaction necrosis, hemorrhagic areas,

granulation tissue, and fibrosis.

Static contrast-enhanced images allow the differentia-

tion of vascularized tumoral areas (e.g., viable tumor cells,

granulated, or fibrous tissue) and non-vascularized areas

(e.g., liquefaction necrosis). However, these images do not

distinguish the viable tumor from immature vascularized

granulation tissue, fibrous tissue, neovascularity in necrotic

areas, and reactive hyperemia [44••].

MRI protocols including static contrast-enhanced have

been unable to provide an accurate quantitative measure-

ment of tumor response [54, 55]. In these cases, the eval-

uation of response by MRI focuses on the volumetric

change in tumor (OS and ES) and signal on T2W images.

An increase in OS e ES volume is highly suggestive of

poor respondents, on the other hand decrease in OS volume

Fig. 8 Lesion in the metadiaphyseal region of the femur, with

extension to soft tissues and to the epiphyseal region on coronal T1.

a There is also intra-articular extension of the lesion with involvement

of the cortical bone and capsule, as well as tumoral enhancement in

the adjacent extraosseous and intra-articular soft tissues on axial T1

post-Gd. b In this case, the femoral vessels pass adjacent to the lesion

with no tissue preservation between the two (b, d). The assessment of

the surgical specimen showed no invasion of the neurovascular

bundle. Osteosarcoma
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does not allow separation between good and poor respon-

dents [56, 57]. In ES, a reduction of less than 25 % indi-

cates poor respondents, between 25 and 75 % there is an

overlap between groups, and greater than 75 % correlates

to good histopathological respondents (Fig. 7).

OS poor respondents could also be identified if no

decrease in the amount of edema is seen or if there is increase

T2W SI of the extraosseous tumor component [57, 58].

DCE MRI studies try to characterize tumor components

that do not enhance as much as cellular viable-appearing

tumor areas, therefore, differentiating between good and

poor respondents. It is the method of choice to monitor pre-

operative chemotherapy. Poor and good responders to

chemotherapy can be detected on first-pass or subtraction

images, or by evaluation of changes in slope values using

the ROI method. It provides important information for pre-

surgical monitoring of response to neoadjuvant chemo-

therapy and may also be useful in selected cases for

assessment of local recurrence of tumor [44••, 59]

DWI is a promising method in the evaluation of necrosis

to monitor pre-operative chemotherapy, since the diffusion

signal is directly related to the tumor cellularity, necrotic

areas within the tumoral tissue induce a local diffusion

increase. This phenomenon has been demonstrated in

clinical practice [60, 61]. Ideally, quantitative evaluation

(ADC) should be carried out in the initial exam, half way

through the course of chemotherapy [62] and at the end of

neoadjuvant chemotherapy [63, 64].

Conclusion

Radiography is an imaging tool at the forefront of identifica-

tion, determination of degree of aggressiveness, and ranking of

diagnostic differentials in bone lesions. In non-aggressive and

radiographically unspecific lesions, MRI may provide greater

specificity in the diagnosis through signal patterns captured in

its wide array of modalities and by enhanced pattern, in which

case being more informative than dynamic sequences. In

aggressive lesions, MRI is the optimum method for locore-

gional staging and has shown promising results in determining

the degree of tumoral necrosis both during and after chemo-

therapy treatment, by utilizing advanced sequences.
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