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     Abbreviations 

   ADC    Apparent diffusion coeffi cient   
  Cho    Choline   
  CT    Computed tomography   
  DWI    Diffusion-weighted imaging   
  GCT    Giant cell tumor   
  MRI    Magnetic resonance imaging   
  MRS    Magnetic resonance spectroscopy   
  MSK    Musculoskeletal   
  ROI    Region of interest   
  SRBC    Small round blue cell   
  WHO    World Health Organization   

55.1           Introduction 

 Magnetic resonance imaging (MRI) is the 
method of choice for the preoperative and post-
treatment staging of musculoskeletal tumors 
[ 1 ]. The ability of MRI to identify and charac-
terize the anatomic extent of musculoskeletal 
soft tissue tumors is well described [ 2 ]. In addi-
tion, MR imaging offers several advantages 
when compared with other methods in the eval-
uation and staging of soft tissue tumors consid-
ering high resolution, tissue contrast, and 
multiplanar capability [ 3 ]. 

 Soft tissue sarcomas are rare neoplasms of mes-
enchymal origin. They constitute less than 1 % of 
all malignant tumors, with an incidence increasing 
slightly with age [ 2 ]. Unfortunately, for the major-
ity, conventional MRI is incapable to provide 
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a precise histologic diagnosis (Fig.  55.1 ) and also 
to determine the extent of tumor necrosis that is 
essential to analyze response to treatment [ 1 ].

   Besides several imaging modalities, radio-
graphs are often the fi rst-line investigation to dif-
ferentiate bone tumors and to decide if MRI is 
necessary for diagnosis or staging [ 1 ]. MRI is 
also required when the lesion is indeterminate in 
radiographs and in local staging and when biopsy 
is necessary [ 1 ,  3 ]. 

 Advanced MR imaging techniques, for exam-
ple, diffusion-weighted imaging, dynamic 
contrast- enhanced imaging, proton MR spectros-
copy (MRS), and inphase/opposed-phase imag-
ing, can be used together with conventional 
images, to improve diagnostic accuracy and to 
evaluate the response to treatment [ 1 ,  3 ]. 

 The aim of this chapter is to discuss the role of 
advanced MRI techniques in the workup of 
detection and characterization of soft tissue sar-
comas and monitor response to treatment [ 3 ].  

55.2     Fibroblastic/Myofi broblastic 
and Fibrohistiocytic Tumors 

 In adults, fi brous tumors are among the most 
common soft tissue lesions encountered in clini-
cal practice [ 4 ]. These mesenchymal tumors are 
characterized histologically by the proliferation 
of fi broblasts and myofi broblasts, with marked 
production of intercellular collagen, and biologic 
behavior intermediate between that of benign 
lesions and malignant tumors [ 5 ]. 

 MRI fi ndings are typical and include bands of 
low signal intensity across all sequences and 
moderate to intense enhancement after contrast 
administration, although these fi ndings are seen 
in benign and malignant fi brous tumors [ 3 ,  5 ]. In 
our experience, we have been observed that 
benign and intermediate fi brous tumors usually 
have facilitated diffusion, whereas malignant 
tumors have restricted diffusion on the ADC map 
(Fig.  55.2 ) [ 3 ].

   Myositis ossifi cans is classifi ed as a fi broblas-
tic/myofi broblastic tumor, in accordance with the 
World Health Organization (WHO). This lesion 
is a benign, solitary, self-limiting, ossifying soft 
tissue mass usually occurring within skeletal 
muscle. A history of trauma is frequently elicited 
but is often absent [ 6 ]. Its MR appearance 
changes with the age of the lesion. During its 
early active phase, the lesion is immature and 
may show high perfusion as a result of neovascu-
larity and may mimic a malignant neoplasm [ 6 ]. 

 On DWI, myositis ossifi cans presents facili-
tated diffusion and a high ADC, suggesting 
benign tumor (Fig.  55.3 ) [ 3 ]. A follow-up exami-
nation after 2–4 weeks is suggested to confi rm 
the diagnosis, avoiding unnecessary biopsy.

55.3        Abscesses, Hematomas, 
and Necrotic Tumors 

 Necrotic masses can be either malignant tumors 
or benign masses, such as abscesses and/or hema-
tomas. Therefore, care must be taken during 

a b c d

  Fig. 55.1    Synovial sarcoma of the abdominal wall. 
( a ) Axial T1 fat-suppressed MR image shows a hyper-
intense lesion in the soft tissue of the abdominal wall 
( arrow ). Axial DWI ( b ) and ADC map ( c ) images show 
restricted diffusion ( white arrows ) of the lesion, with 

ADC = 0.98 × 10 −3  mm/s 2 , suggesting malignant tissue. 
( d ) The tumor has a type IV curve with washout phase 
( yellow dotted line ) on MR perfusion imaging, indicating 
that it enhances early at the same time as the artery. The 
red type IV curve indicates the artery       
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imaging to differentiate a hemorrhagic malignant 
soft tissue tumor from a hematoma. 

 Abscesses contain infl ammatory cells, a 
matrix of proteins, cellular debris, and bacteria in 
high-viscosity pus, with all of these factors 
restricting the motion of water. Hence, the 
abscess cavity is characterized by high signal 
intensity on DWI and decreased ADC value 
(Fig.  55.4 ) [ 7 ].

   Necrotic malignant neoplasms tend to have 
more facilitated diffusion in their necrotic centers 
than do abscess cavities. Highly malignant 
tumors tend to have more restricted diffusion on 
the ADC map in the solid wall of the tumor, 
which has higher cellularity (Fig.  55.4 ) [ 3 ]. 

 Like abscess, subacute hematomas present 
with restricted diffusion on the ADC map in the 
central portion of the lesion, but they have typi-
cal morphologic characteristics on conventional 
MR imaging. Therefore, the authors think that it 
is possible to differentiate abscesses and hema-
tomas from malignant tumors using the ADC 
value from the necrotic portion of the tumor 
in conjunction with conventional MR imaging 
(Fig.  55.5 ).

   Chronic expanding hematoma (CEH) is a 
gradually enlarging lesion that may be misdiag-
nosed as a hemorrhagic malignant soft tissue 
mass due to its size and progression. A recent 
report has shown that DWI could be used to 
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  Fig. 55.2    Differentiation    of lymphoma ( a ), desmoid 
tumor ( c ), and myxoid liposarcoma ( e ) of the left thigh, 
using DWI sequences. Note the homogeneous contrast 
enhancement of the lymphoma ( a ); the heterogeneous 
contrast enhancement of the desmoid tumor ( c ) within 
low signal intensity bands without contrast enhance-
ment, suggesting collagen bands; and the heterogeneous 
lobular contrast enhancement of the myxoid liposar-

coma ( e ). Axial ADC map shows restricted diffusion of 
the lymphoma (ADC = 0.65 × 10 −3  mm/s 2 ) ( b ); facili-
tated diffusion (ADC = 1.65 × 10 −3  mm/s 2 ) of the des-
moid tumor ( d ), indicating a benign lesion; and 
facilitated diffusion (ADC = 2.8 × 10 −3  mm/s 2 ) of the 
myxoid liposarcoma ( f ), despite the fact that the tumor 
is malignant, indicating the myxoid component of the 
lesion       
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 differentiate between these entities [ 8 ] because 
CEH can have similar appearances to hemor-
rhagic soft tissue sarcomas, but due to their low 
cellularity in solid wall, they have a signifi cantly 
higher ADC value than a malignant mass on DWI. 

 Dynamic contrast-enhanced MR imaging 
demonstrates that abscesses may be highly vas-
cularized and perfused lesions with slopes simi-
lar to those of malignant tumors (Fig.  55.4 ). In 
contrast, highly necrotic malignant tumors may 
have a low slope, similar to that of benign lesions 
[ 9 ]. Contrast enhancement in benign hematomas 
is rare [ 8 ]. 

 After conventional MR imaging and determi-
nation of clinical history, advanced MR imaging 
techniques may be superior in differentiating 
abscesses and hematomas from malignant 
tumors.  

55.4     Myxoid Tumors 

 Myxoid tissue is present in myxomas, myxoid 
liposarcomas, myxoid components of myxoid 
chondrosarcomas, and myxoid malignant fi brous 
histiocytomas [ 10 ]. 

 The myxoid tumor matrix is characterized by 
high mucin and low collagen contents, represent-
ing a lesion composed of a large amount of water. 
Because of that, myxoid tumors have higher diffu-
sion coeffi cients than nonmyxoid tumors, and this 
is true for both benign and malignant soft tissue 
myxoid tumors (Fig.  55.4 ) [ 3 ,  11 – 14 ]. ADC val-
ues of benign and malignant myxoid tumors may 
show substantial overlap [ 11 ], and DWI might be 
used in myxoid tumor diagnosis with caution. 

 Myxoid liposarcoma is a type of malignant 
fatty tumor, accounting for approximately 
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  Fig. 55.3    Differentiation between ossifi cans myositis ( a , 
 b ), myxofi brosarcoma ( c ,  d ), fi bromyxoid sarcoma ( e ,  f ), 
and infl ammatory myositis ( g ,  h ) with DWI sequences. 
Coronal T1-weighted fat-suppressed contrast-enhanced 
MR images of the ossifi cans myositis ( a ), myxofi brosar-
coma ( c ), fi bromyxoid sarcoma ( e ), and infl ammatory 
myositis ( g ) show the homogeneous contrast enhance-
ment of the lesions. Note that on infl ammatory myositis, it 
is possible to identify muscle fi bers underneath the lesion, 

suggesting only infi ltration of muscle fi bers. ADC maps 
show facilitated diffusion of the ossifi cans myositis ( b ), 
myxofi brosarcoma ( d ), and infl ammatory myositis ( h ), 
with ADC values of 1.9 × 10 −3  mm/s 2 , 2.6 × 10 −3  mm/s 2 , 
and 2.3 × 10 −3  mm/s 2 , respectively. Fibromyxoid sarcoma 
( f ) presented restricted diffusion on ADC maps 
(ADC = 0.93 × 10 −3  mm/s 2 ), indicating a malignant tumor. 
Although from malignant origin, myxofi brosarcoma pres-
ents high ADC values because of the myxoid component       
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one- third of all liposarcomas. These tumors have 
low signal intensities on T1-weighted sequences 
and high signal intensities on T2-weighted 
sequences, occasionally resembling cysts [ 15 ], 
but have solid characteristics after contrast 
administration (Fig.  55.2 ). 

 Perfusion methods are useful for distinguishing 
cysts from myxoid tumors, because fl uid does not 
enhance, whereas myxoid tissue in a sarcoma shows 

intense and fast enhancement [ 10 ]. If a myxoid 
tumor shows rapid fi lling, then a myxoid- containing 
malignancy, such as a myxoid liposarcoma or syno-
vial sarcoma, should be suspected [ 10 ]. 

 An understanding of the morphologic MR 
imaging appearance as well as the perfusion and 
DWI characteristics of myxoid tumors may per-
mit more accurate diagnosis in case of indetermi-
nate soft tissue masses (Figs.  55.2  and  55.3 ) [ 3 ].  

NECROTIC MALIGNANT TUMOR

a
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  Fig. 55.4    Differentiation between necrotic malignant tumor 
( a ,  d ), abscess ( e – h ), and hematoma ( i – k ) with DWI, MR 
perfusion imaging, and MR spectroscopy sequences. Axial 
T1-weighted fat-suppressed contrast-enhanced MR images 
of necrotic malignant tumor of the leg ( a ), an abscess in the 
thigh ( e ), and a hematoma in the thigh ( i ) show peripheral 
contrast enhancement of the lesions. ADC maps show 
restricted diffusion in the central portion in the abscess ( f ) 
and in the hematoma ( j ) ( green arrow ). The ADC map of the 

necrotic tumor shows facilitated diffusion in the necrotic 
portion ( b  –  red arrow ) and restricted diffusion in the solid 
wall ( b ,  white arrow ), suggesting hypercellularity. MR per-
fusion imaging of the necrotic malignant tumor ( c ) shows a 
type IV “washout” curve ( yellow dotted line ), of the abscess 
( g ) shows a type III curve ( yellow dotted line ), and of the 
hematoma ( k ) shows a type II curve ( yellow dotted line ). MR 
spectroscopy shows high levels of choline for the necrotic 
malignant tumor ( d ) and of lactate for the abscess ( h )       
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55.5     Small Round Blue 
Cell Tumors 

 Small round blue cell (SRBC) tumors are a 
group of undifferentiated aggressive embryo-
nal tumors, which have similar histologic fea-
tures and immunohistochemistry, so alternative 
techniques are required to diagnose them. 

Accurate diagnosis of these cancers is critical 
for the correct administration of therapy and 
for avoiding unnecessary patient procedures 
[ 3 ]. Currently, there is no widely available 
tool for real-time noninvasive diagnosis of 
soft tissue masses [ 3 ]. 

 Ewing family tumors are more commonly 
skeletal; the extraskeletal form is much rarer, 
seen in the paravertebral regions, thoracic wall 

BEFORE TREATMENT

AFTER TREATMENT
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  Fig. 55.5    Evaluation of response to treatment of an 
Ewing Sarcoma of the leg with dynamic contrast-enhanced 
MR imaging with color mapping. Before treatment: ( a ) 
Sagittal dynamic contrast-enhanced imaging with color 
mapping ( b ) shows many red regions in the tumor, sug-
gesting hypervascularity. ( c ) The tumor has a type III 
curve ( yellow dotted line ) on MR perfusion imaging. The 

red type IV curve indicates the artery. ( d ) The tumor pre-
sented restricted diffusion with ADC = 0.68 × 10 −3  mm/s 2 , 
suggesting malignant tissue. After treatment: ( e ) sagittal 
dynamic contrast-enhanced imaging with color mapping 
shows important reduction in size of the tumor and of the 
red regions on color mapping and higher ADC value on 
DWI ( f ,  g ), indicating good response to treatment       
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(formerly known as Askin tumor), retroperito-
neum, and lower extremities in older children or 
young adults (Figs.  55.5  and  55.6 ) [ 16 ].

   Primary malignant involvement of soft tissues 
by extranodal lymphoma is rare, accounting for 
only 0.1–2 % of all soft tissue tumors [ 17 ]. More 
commonly, there is extension of a primary bone 
lymphoma into the surrounding tissues [ 18 ]. The 
primary soft tissue tumors are non-Hodgkin lym-
phomas, mostly of the B-cell type. 

  1 H MRS, which assesses the biochemical 
characteristics and metabolites of tumor tissue, 
may be a useful method of diagnosis of SRBC 
tumors because choline level increases in propor-
tion to cellular proliferation and tumor malig-
nancy [ 10 ,  19 ]. Choline peaks have been observed 
in malignant lymphomas [ 19 ,  20 ]. 

 Malignant lymphomas have characteristically 
low ADC values in the brain [ 21 ], head and neck, 
and retroperitoneal regions [ 22 ]. Nagata and col-
leagues [ 12 ] have shown that soft tissue tumors 
have this property as well. Because of their high 
cellularity and nucleocytoplasmic ratio, lympho-
mas have a high signal intensity on DWI images. 
In addition, lymphomas have lower ADC values 

than other tumor types in different body regions 
(Fig.  55.7 ) [ 22 ,  23 ]. 

 In conclusion, in the differential diagnosis of a 
tumor with restricted diffusion on the ADC map 
and very low ADC value, SRBC tumors should 
be the main diagnostic hypothesis (Figs.  55.5  and 
 55.7 ). However, this conclusion must be corrobo-
rated by morphologic characteristics obtained 
using conventional MR imaging and other imag-
ing methods.

55.6        Monitoring Treatment 

 MR imaging is essential for assessing the effec-
tiveness of therapy, for planning further treat-
ment, and for predicting patient prognosis [ 1 ,  24 ]. 
There are two settings in which MR imaging is 
used in the assessment of primary musculoskele-
tal tumors following treatment: after neoadjuvant 
therapy to defi ne the extension of the lesion after 
treatment to help determine treatment response 
and after surgery to detect residual or recurrent 
tumor, distinguishing then from postoperative 
fi brosis or infl ammation [ 25 ]. 

BEFORE TREATMENT 8 MONTHS AFTER TREATMENT

a b d e f
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  Fig. 55.6    Evaluation of response treatment of Ewing sar-
coma of the radius by using dynamic contrast-enhanced 
imaging with color mapping. Pretreatment images ( a – c ) and 
posttreatment images ( d – g ) are shown. Pretreatment ( a ) 
coronal T1-weighted contrast-enhanced MR image shows 
the homogeneous enhancement of the lesion with a type III 
curve ( yellow dotted line ) on MR perfusion imaging ( b ). The 
green curve represents the muscle perfusion, and the red 
type IV curve indicates the artery. Slope = 60 % for minute. 

( c ) The histopathological analyses show small round blue 
cell tumor. Posttreatment (8 months later) ( d ) coronal 
T1-weighted contrast-enhanced MR image shows lower 
enhancement of the tumor that now presents a type II curve 
( yellow dotted line ) on MR perfusion imaging with a slope 
value = 10 % for minute ( f ). Note that the tumor presented 
more than 40 % of reduction in slope value, indicating more 
than 90 % of response to therapy.( g ) The histopathological 
analyses show necrosis after the treatment       
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 The use of conventional MR imaging on fol-
low- up of treated musculoskeletal soft tissue 
masses is traditionally based on anatomic 
approaches and has signifi cant limitations, since 
the mass may increase in size due to hemorrhage 
and edema, and both viable tumor and posttreat-
ment scar tissue enhance after contrast agent 
administration [ 26 ]. 

 Advanced MRI is capable of detecting early 
cellular changes in treated tumors that precede 
morphologic response, such as intracellular 
necrosis [ 3 ,  27 ,  28 ]. 

 The advent of chemical shift MR imaging 
(inphase and opposed-phase imaging), diffusion- 
weighted imaging, perfusion imaging, and MR 
spectroscopy has forward the role of MR to char-
acterize malignant lesions and assess them after 
treatment [ 25 ]. 

 Cellular death and vascular changes in response 
to treatment precede the changes of the lesion size; 
thus, advanced imaging such as DWI and perfu-
sion could provide earlier identifi cation between 
patients with a poor treatment response from those 
with tumor recurrence [ 29 ]. Functional imaging 

a
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  Fig. 55.7    Evaluation of response to treatment of a non-
Hodgkin lymphoma in the tibia in a 27-year-old man. Before 
treatment: ( a ) Sagittal STIR MR image shows a large het-
erogeneous hyperintense intraosseous tumor extending into 
the soft tissues ( red arrows ). ( b ) Axial T1-weighted fat-sup-
pressed (fs) image after Gd-DTPA injection shows solid 
enhancing mass extending to soft tissues( blue arrows ). ( c ) 
Axial DWI shows hyperintense signal intensity mass ( yel-
low arrows ). ( d ) ADC map shows restricted diffusion of the 
tumor ( red arrows ) and ADC = 0.62 × 10 −3  mm 2 /s. After 

8 months’ treatment: ( e ) Sagittal T1-weighted fat-sup-
pressed image after Gd-DTPA injection shows heteroge-
neous enhancing intraosseous tumor without extension into 
the soft tissues ( red arrows ). ( f ) Axial T1-weighted fat-sup-
pressed ( f ) image after Gd-DTPA injection shows heteroge-
neous enhancing intraosseous lesion ( blue arrows ). ( g ) 
Axial DWI shows hyperintense signal intensity (T2 effect) 
( yellow arrows ). ( h ) ADC map shows facilitated diffusion of 
the tumor ( red arrows ) and ADC = 2.2 × 10 −3  mm 2 /s, sug-
gesting tumor necrosis and good response to treatment       
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might provide an opportunity to adjust individual 
treatment regimens more rapidly, sparing patients 
the unnecessary morbidity, expense, and delays in 
the initiation of effective treatment [ 30 ]. 

 Previous reports described an effective anti-
cancer therapy that resulted in tumor lysis, loss of 
membrane integrity, increased extracellular 
space, and increase in water molecule diffusion. 
All these changes resulted in an increase in ADC 
values [ 31 ,  32 ]. 

 Preclinical and clinical studies have reported 
on the usefulness of DWI as a sensitive biomarker 
capable of detecting early cellular changes in 
treated tumors that precede morphologic response 
[ 27 ,  28 ]. In musculoskeletal tumors, successful 
therapy has been associated with increased ADC 
values [ 33 – 35 ]. 

 The DWI technique is also being used to assess 
the activity of residual disease after treatment and 
to detect early recurrence at a time when a salvage 
therapy may still be effective [ 26 ]. 

 Differentiation of post-therapeutic soft tissue 
changes and residual or recurrent tumor is a com-
mon diagnostic problem because these abnormal-
ities have the same appearance in morphologic 
imaging (high signal intensity on T2-weighted 
and short tau inversion recovery images and a low 
signal intensity on T1-weighted SE images) [ 36 ]. 

 Baur and colleagues [ 36 ] evaluated the signal 
characteristics of recurring solid soft tissue tumors 
and post-therapeutic soft tissue changes with DWI 
and demonstrated that post-therapeutic soft tissue 
changes showed a signifi cantly higher diffusion 
than viable recurrent tumors. This is an expected 

BEFORE TREATMENT

AFTER TREATMENT
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  Fig. 55.8    Follow-up examination of a synovial sarcoma 
of the knee. Pretreatment images ( a – d ) and posttreatment 
images ( e – h ) are shown. Pretreatment images: ( a ) 
Sagittal fat supressed proton density MR image shows a 
mass in the posterior soft tissue of the knee. ( b ) Sagittal 
ADC map image shows restricted diffusion 
(ADC = 0.86 × 10 −3  mm/s 2 ), suggesting malignant tumor. 
( c ) MR spectroscopy shows high levels of choline. ( d ) 
TIC shows a type IV curve ( dashed yellow, blue and 
green lines ), indicating rapid enhancement. The type IV 
curve ( red ) represent the artery. Slope = 175 % for  minute. 

Posttreatment images: ( e ) sagittal fat supressed proton 
density MR image shows a reduction of the tumor, of the 
restricted diffusion areas ( f ), and of the levels of choline 
in MR spectroscopy ( g ). ( h ) TIC shows a type IV curve 
( dashed blue line ), still indicating rapid enhancement, 
suggesting viable cells with hypervascularity and conse-
quently poor response to treatment. The type IV curve 
( red ) represent the artery. Slope = 210 % for minute. Note 
that the tumor presented less than 40 % of reduction in 
slope value, also indicating poor response to treatment       
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fi nding because solid tumors demonstrate high 
cellularity and intact cell membranes, whereas as 
antineoplastic therapy progresses successfully, the 
cellularity within the tumor decreases and cell 
membranes lose their integrity [ 37 ]. 

 A static contrast-enhanced MR imaging does 
not predict the percentage of necrosis in a tumor 
after treatment because sarcomas show pathologic 
treatment response in the form of hyaline fi brosis, 
necrosis, and granulation tissue [ 38 ], and these 
alterations, as viable tumor, usually also enhance 
with intravenous contrast agent administration. 

 Dynamic contrast-enhanced MR imaging is 
the method of choice to monitor preoperative 
response to chemotherapy. Poor and good 
responders to chemotherapy can be detected on 
fi rst-pass, subtraction images or the assessment 
of the time/intensity curves over time [ 10 ]. 

 The purpose of MR examination is to detect 
local tumor recurrence or residual tumor tissue 
and to differentiate recurrence from reactive tis-
sue. Tumor recurrence enhances fast during the 
fi rst pass, whereas reactive tissue enhances later 
and more slowly [ 10 ]. In soft tissue sarcomas, 
focal areas of early and rapidly progressive 
enhancement correspond to residual viable or 
recurrent tumor. In contrast, dynamic studies 
showing no areas of early enhancement indicate a 
good response (Fig.  55.8 ) [ 10 ].

   Radiation therapy can induce neovasculariza-
tion, resulting increased perfusion in the irradiated 
area. Differentiation of a reactive mass with young 
granulation tissue from residual tumor tissue or 
tumor recurrence may be diffi cult in the fi rst 
3–6 months after irradiation of a sarcoma [ 10 ]. 

 Follow-up examinations are necessary 
because perfusion of a reactive mass decreases, 
whereas residual tumor tissue grows and remains 
highly vascularized [ 10 ].  

    Conclusion 

 Advanced MR imaging is an important tool 
for diagnosing musculoskeletal tumors when 
used together with conventional MR imaging 
and the clinical history of the patient, avoiding 
unnecessary biopsies, facilitating early treat-
ment, and improving patient outcome.     
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