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Abstract  

Background:  Magnetic Resonance Imaging is the method  

of choice for the diagnostic work-up of soft tissue tumors. It  

is the modality of choice to evaluate such masses, because of  
its excellent soft tissue contrast.  

Aim of Study: To assess the efficacy of Diffusion weighted  
MRI in characterization of musculoskeletal soft tissue tumors.  

Patients and Methods:  The current study enrolled 20  
patients (11 female and 9 male) with musculoskeletal STTs  

with mean age was 41.08 ± 11.54 year. The most frequent  
affected site with the swelling was the thigh (48%) followed  

by the arm (20%). Four (16%) patients suffered from leg  

swelling while three (12%) patients had shoulder swelling.  

Our results revealed that malignant musculoskeletal soft tissue  

masses had significantly lower ADC value in comparison to  
those with benign masses (0.70 ±0.09 vs. 1.58±0.52x10-3m2/s;  
p<0.001).  

Results:  Patients with malignant lesions had significantly  
lower ADC value in comparison to those with benign lesions  

(0.70±0.09 vs. 1.58±0.52 (103mm2/s). Myxoma had the  
highest ADC value that was 2.44 (103mm 2/s) while sarcoma  
had lowest value that was 0.54 ±0.03 (103mm2/s). It was  
noticed that MRI had 100% sensitivity and 81.8% specificity  

for diagnosis of malignant musculoskeletal soft tissue masses  

with overall accuracy was 92% and area under curve was 0.91  
at cut off value was <1.14 (103mm 2/s). Based on final diag-
nosis; MRI was successful in diagnosis of all cases with  
malignant musculoskeletal soft tissue masses but as the same  

time, MRI falsely diagnosed two cases with benign nature to  
be malignant. Those two cases were finally diagnosed to be  
lipoma.  

Conclusion:  Based on the current study, DWI-MRI con-
sidered the method of choice for the characterization of muscul  

oskel etal STTs; however, DW-MRI with ADC mapping is a  
rapidly, valuable, non-invasive, non-contrast tool for reliably  

differentiating between benign and malignant STTs. It's  
recommended to perform such study in large sample of patients  

and in more centers to confirm the great values of DWI-MRI  

in evaluation of such lesions.  
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Introduction  

MAGNETIC  Resonance Imaging (MRI) is the  
method of choice for the diagnostic work-up of  
soft tissue tumors. The imaging characteristics of  

common benign lesions, such as lipoma and he-
mangioma, are often specific enough to allow a  
conclusive diagnosis. However, the imaging char-
acteristics of a large number of soft tissue tumors  

are not diagnostic. Diffusion-weighted MRI have  
been mostly used for the diagnosis of early stroke,  

but applications in other fields such as oncological  

and musculoskeletal imaging are being explored  
[1] .  

MRI is the modality of choice to evaluate such  
masses, because of its excellent soft tissue contrast.  

Although there are some findings on MRI which  

are indicative for malignancy, such as infiltration  
of adjacent tissues, destruction of bones and ten-
dons, and the size of the mass, there are no criteria  

available to clearly distinguish benign masses from  
malignancies [2] .  

On the contrary, some very aggressive tumors  

present as an encapsulated mass without surround-
ing edema and only minimal contrast enhancement  

findings, which are in general indicative for benign  
processes. Thus, histopathologic work up is re-
quired for reliable characterization of soft tissue  

masses. As described DWI may reveal the micro-
structure of such masses and may therefore be  

helpful to distinguish [2] .  

The primary aim in soft tissue tumor imaging  
should be to reach a specific diagnosis or to narrow  

the differential diagnosis. This is to help decide  
whether biopsy, surgical intervention, or simple  
observation is required for further management,  

which leads to a cost effective method where we  
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can reassure the patient and follow-up on the clearly  

benign lesions [3] .  

Functional and metabolic imaging techniques  
such as diffusion-weighted imaging (DWI) are  

available for clinical use and can potentially im-
prove soft tissue tumor characterization. Visual  
analysis of DWI can detect lesions but is generally  
not used to characterize them. Quantitative DWI  

with apparent diffusion coefficient (ADC) analysis  

differentiates well between solid and cystic masses  

and ADC values have been reported to be signifi-
cantly higher in benign musculoskeletal tumors  
than in malignant ones [4] .  

It has been reported that DWI has the potential  

to differentiate benign and malignant soft-tissue  

tumors because malignant tumors have greater  

cellularity and therefore have more restricted dif-
fusion than benign tumors. Soft-tissue neoplasms  

are common tumors that have a large number of  
causes, arising from different categories of tumor  

types. Each is subdivided into benign, intermediate,  
and malignant subtypes [5,6] .  

Conventional MR imaging is unable to offer  

information about the extent of tumoral necrosis  

and the presence of viable cells, information that  
is crucial for the assessment of treatment response  

and prognosis. Therefore, advanced MR imaging  
techniques, such as diffusion-weighted imaging  

(DWI), are now used in association with conven-
tional MR imaging with the objective of improving  
diagnostic accuracy and treatment evaluation [7] .  

Aim of the work:  

Aim of the study to assess the efficacy of dif-
fusion weighted MRI in characterization of musc-
uloskeletal soft tissue tumors.  

Patients and Methods  

Study type and duration:  
A cross-section hospital based study was retro-

spectively conducted at Department of Radiology  

of Ain Shams University Hospitals. It was conduct-
ed over 6 months between May 2019 and October  

2019.  

Inclusion criteria:  

• Any patient with musculoskeletal soft tissue  
tumors during the study period was enrolled.  

Exclusion criteria:  
• Pacemaker.  
• Metallic foreign body in the eye.  

• Cerebral aneurysm clips.  
• Cochlear implant.  

Ethical consideration:  

The study was approved from The Ethical Com-
mittee of the Department of Radiology, Faculty of  

Medicine, Ain Shams University. Written consent  

was obtained from all participates before recruit-
ment in the study after explanation of the purpose  

and procedures of the study.  

Study tools:  
All patients were subjected to complete history  

taking and examination. All MR imaging exami-
nations were conducted at the Department of Ra-
diology of the Ain shams University using 1.5 T  
closed MRI machine (ACHIEVA, PHILIPS) using  
the most optimal surface coil accommodates each  
lesion.  

MRI system:  The basic principle behind DWI  
is the stochastic Brownian motionorspecific diffu-
sion of extra-cellular water molecules with in  

tissues. Diffusivity is represented by aquantitative  

variable, the ADC, which is the first line assessment  
method for DWI data. Diffusion the reforein di-
rectly reflects the histology of tissues (cellularity,but  

also fibrosis and hemoglobin degradation products,  

MR imaging is currently regarded as apivotal  

technique for the assessment of avariety of muscul  
oskeletal conditions. Diffusion-weighted MR im-
aging (DWI) is arelatively recent sequence that  

provides information on the degree of cellularity  

of lesions.  

Apparent diffusion coefficient (ADC) value  

provides information on the movement of water  
molecules out side the cells. DWI has the potential  
to differentiate benign from malignants of ttissue  

tumors because malignant tumors have greate  

rcellularity with more restricted diffusion than  

benign tumors.  

The predetermined examination protocol was  
applied to all patients that included the following:  
1- T1-WI Axial (TR/TE=400-700/14-30; FOV, 20- 

35) in axial, coronal and/or sagittal.  
2- T2-WI (TR/TE=2800-4500/80-120; FOV, 20- 

35) in axial, coronal and/or sagittal.  

3- Post IV contrast sequences (including axial,  

sagittal and coronal) was applied to patients  
using gadolinium D.T.P.A with a calculated  
dose about 0.1mmol/kg body weight, and at  
least one fat saturated sequence or short inver-
sion recovery (STIR) sequence (TR/TE=4000- 
5600/18-40; FOV, 20-35).  



Hana H. Nassef, et al. 1527  

4- Diffusion weighted MR images were acquired  

in the axial plane by single shot, spin-echo EPI  
sequence. The strength of MPG is defined by  
the gradient factor b. The b-values used in this  
study were 0, 400 and 800s/mm 2 .  

Body parts being examined were immobilized  

to prevent motion artifacts, slice thickness ranged  
from 4mm to 10mm, inter slice gap of 2-3mm, the  

matrix used for all sequences was 512x256 except  
the DWI which was 128x64.  

Quantitative analysis was obtained by mathe-
matically calculating the apparent diffusion coef-
ficient (ADC). ADC maps are automatically gen-
erated by the workstation based on the three b  
values according to the formula ADC=ln (S0/S 1)/  

(b1-b0), where S0 and S1 are the signal intensity  

before and after application of diffusion gradients,  

and b1 and b0 are the different b-values applied.  
The ADC is a numerical value calculated by man-
ually placing a region of interest (ROI) over the  
solid portion of the tumor.  

Statistical analysis:  

We used SPSS version 15 (SPSS Inc., Chicago,  
IL, USA) for all analyses. Continuous data was  
expressed as mean and standard deviations while  

frequencies and percentages were calculated for  

qualitative variables.  

Diagnostic performance of DW-MRI was eval-
uated against the pathology findings using the area  
under a receiver operating characteristic (ROC)  

curve and identifies a cut off value to diagnose  

malignancy. Based on the cut off value, a 2x2  

contingency table was constructed and the sensi-
tivity, specificity and accuracy were calculated.  

Level of confidence was kept at 955 and hence,  

p<0.05 was considered statistically significant.  

Results  

Age and sex of the patients (n=20):  
Mean age of enrolled patients was 41.08 ± 11.54  

years with range between 27 and 67 years. Out of  
the studied patients; 9 (44%) patients were males  

and 11 (56%) patients were females.  

Presentation among enrolled patients (n=20):  

The most frequent affected site with the swelling  

was the thigh (48%) followed by the arm (20%).  
Four (16%) patients suffered from leg swelling  

while three (12%) patients had shoulder swelling.  
One patient had swelling at the penis (Table 1).  

It was noticed that 17 (68%) patients had lesion  
with restricted diffusion and 8 (32%) patients had  
lesion with fascilated diffusion. Majority (68%)  
of the lesions were enhanced. Heterogenous lesion  
present in 19 (76%) patients while only 4 (16%)  

lesions had septation. Suppressed STIR was de-
tected in 5 (20%) patients. Based on MRI findings;  
16 (64%) lesion was malignant and 9 (36%) lesion  

was benign (Table 2).  

Based on histopathogical evaluation, 14 (56%)  
patients had malignant lesions while 11 (22%)  

patients had benign lesions. The most frequent  
benign lesions were lipoma (20%) and hemangioma  

(12%). Each myoma, adenoma, and leiomyoma  

present in one patient (Table 3).  

Fibrosarcoma present in three (12%) patients  

and also, sarcoma was detected in another three  

(12%) patients. Two patients had melanoma. Each  

of small cell osteosarcoma, spindle cell carcinoma,  

squamous cell carcinoma, leiomyosarcoma, der-
matofibrosarcoma and Ewing's sarcoma present in  

one patient (Table 3).  

Based on the current study, it was noticed that  

malignant musculoskeletal soft tissue masses had  
significantly lower ADC value in comparison to  
those with benign masses (0.70 ±0.09 vs. 1.58±0.52  
(10 -3  mm2/s); p<0.001). Myxoma had the highest  
ADC value that was 2.44 (10 -3  mm2/s) while sar-
coma had lowest value that was 0.54 ±0.03 10 -3 

 

mm2/s (Table 4).  

It was noticed that MRI had 100% sensitivity  
and 81.8% specificity for diagnosis of malignant  

musculoskeletal soft tissue masses with overall  

accuracy was 92% and area under curve was 0.91  

at cut off value was <1.14 10 -3  mm2/s (Table 5).  

Based on final diagnosis; MRI was successful  
in diagnosis of all cases with malignant muscu-
loskeletal soft tissue masses but as the same time,  
MRI falsely diagnosed one case with benign nature  
to be malignant. This case was finally diagnosed  

to be lipoma (Table 6).  

Table (1): Presentation among enrolled patients.  

N=20  

Site of swelling:  

Thigh  12 (48%)  

Arm  5 (20%)  

Leg  4 (16%)  

Shoulder  3 (12%)  

Penis  1 (4%)  

Data expressed as frequency (percentage).  
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Table (2): Characteristics of the lesions in magnetic resonance  

image.  
Table (3): Histopathological diagnosis among enrolled patients.  

N=20  

N=20  Histopathology:  
Benign:  3 (15%)  

Size (mm)  100.14±79.87  Lipoma  2 (10%)  
Hemangioma  1 (5%)  

Diffusion:  Myxoma  1 (5%)  
Adenoma  1 (5%)  

Restricted  17 (68%)  Leiomyoma  2 (10%)  

Fascilated  8 (32%)  Malignant:  
Fibrosarcoma  2 (10%)  

Enhancement  17 (68%)  Malignant melanoma  2 (10%)  

Heterogenous  19 (76%)  
Small cell osteosarcoma  
Spindle cell carcinoma  

1 (5%)  
1 (5%)  

Septation  4 (16%)  Squamous cell carcinoma  1 (5%)  
Leiomyosarcoma  1 (5%)  

Suppressed STIR  5 (20%)  Dermatofibrosarcoma  1 (5%)  
Nature of mass:  Ewing's sarcoma  1 (5%)  

Benign  9 (36%)  Histopathological nature of mass:  
Benign  10 (50%)  

Malignant  11 (64%)  Malignant  10 (50%)  

Data expressed as frequency (percentage), mean (SD). Data expressed as frequency (percentage).  

Table (4): ADC value among enrolled patients with muscu-
loskeletal soft tissue mass.  

Table (5): Accuracy of MRI in detection nature of muscu-
loskeletal soft tissue mass.  

Mean ±  SD  
(10-3  mm2/s)  

Indices  Value  

Sensitivity  100%  
Benign masses:  

Specificity  81.8%  
Lipoma  1.12±0.16  

Hemangioma  2.11 ±0.01  
Positive predictive value  87.5%  

Myxoma  2.44  Negative predictive  100%  

Adenoma  1.67  Accuracy  92%  

Leiomyoma  1.15  Cut off point  <1.14  

Malignant masses:  Area under curve  0.91  

Fibrosarcoma  0.72±0.03  p-value  <0.001  
Malignant melanoma  0.71 ±0.07  

Small cell osteosarcoma  0.76  

Spindle cell carcinoma  0.78  Table (6): Cross-tabulation between final diagnosis and MRI's  

Squamous cell carcinoma  0.78  diagnosis.  

Leiomyosarcoma  0.76  

Dermatofibrosarcoma  0.77  
Final diagnosis  

MRI's diagnosis Total  
Benign  Malignant  Ewing's sarcoma  0.81  

Nature of mass:  Benign 9  0 9  
Benign  1.58±0.52  Malignant 1  10 11  
Malignant  0.70±0.09  

p -value  <0.001  Total 10  10 20  

Data expressed as mean (SD).  
p-value was significant if <0.05.  
ADC: Apparent diffusion coefficient.  
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Fig. (1): Female patient aged 42 years old with haemangioma. MRI shows a well-defined rounded lobulated  

intramuscular soft tissue lesion at the upper third of the right leg within the medial head of right  

gastrocnemius muscle, it elicits bright signal in STIR and T2, faint hyperintense signal in T1. On DWI  

the lesion elicits high signals, with facilitated diffusion and ADC value = 2.13 x 10 -3  mm2/sec.  

Discussion  

MRI is considered the modality of choice for  
evaluating soft tissue tumors (STTs) for diagnosis  

and characterization and for planning effective  

tumor management. DWI is a functional MRI  
technique and can be incorporated into routine  
MRI protocols with little additional scanning time,  
resulting in a non-invasive method for the evalua-
tion of STTs based on their histological composi-
tion. DWI and ADC mapping rapidly produce  

quantitative information about STT cellularity  

without contrast administration [8] .  

In line with the current study, Romeih et al.,  

[9]  reported that mean ADC values of malignant  

STTs were significantly lower than those of benign  

STTs. The mean ADC value of benign STTs was  
1.43±0.56 x 10 -3  m2/s, while that of malignant  
STTs was 0.74±0.18 x 10 -3  m2/s; these values were  
significantly different (p<.001).  

Also, these results are consistent with those of  

Van Rijswijk et al., [10]  who found that benign  
lesions have a mean ADC value of 1.71 x 10 -3 

 

mm
2
/s, which was significantly higher than that  

of malignant tumours (1.08 x 10 -3  mm2/s) (van  
Rijswijk et al., 2002). Similarly, Neubauer et al.,  
[11]  reported ADC values of 0.78 ±0.45 x 10 -3 

 

mm2/s and 1.71 ±0.75 10 -3  m2/s in malignant and  
benign tumours, respectively.  

In a previously reported meta-analysis; Zou et  

al., [8]  found that the ADC value is significantly  
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lower in malignant soft-tissue tumor compared to  

benign tumor, suggesting that the ADC value has  
a vital significance in discriminating between  

malignant and benign tumor, and serve as an im-
portant tool for early diagnosis of soft-tissue tumors.  
Evidence from previous studies showed that the  
accuracy of DWI detection depends on the average  
ADC values, which relates to tumor size and type  
and has been successfully employed to diagnose  
malignancies and to detect relapse in musculoskel-
etal tumors [8] .  

Restrictionofwater-molecule diffusion with in  
biological tissues correlates negatively with tissue  

cellularity and membrane eintegrity. Restrictionis  
greater in highly cellular issues that have in tactcell  

membranes and a small extra cellular compartment.  

Tumours differregarding their cellular characteris-
tics, and the difference scan serve to differentiate  

tumour types [12] .  

Cellularity is greater in malignant tumours, in  
which restriction of water-moleculediffusion tends  
to be greater, compared to benign tumours. Highly  
cellularsites with restricted diffusionhave lower  

ADC values compared to site scharacterized by  

lower celldensities. Site swith low ADC values  

generate higher signalintensity on diffusion images  
[12] .  

The most frequent malignant lesions in the  

current study were sarcoma and fibrosarcoma.  

Each of them present in three patients with mean  

ADC value was 0.54 ±0.03 and 0.72±0.03 x 10 -3 
 

m2/s. Also, Romeih et al., [9]  reported that the most  
common malignant lesion was rhabdomyosarcoma  
(8 cases), which was characterized by low ADC  

values with a mean of 0.78 ±0.25 x 10 -3  mm2/s.  
Six cases of synovial sarcoma (the second-most  
common malignant lesions) were included in this  
study with a mean ADC value of 0.77 ±0.21x10 -3 

 

mm2/s.  

In agreement with the current study, recently  
performed study reported that four cases with  

myxoid sarcoma had high ADC values 2.30 ±0.28  
x 10-3  mm2/s, which we considered false negatives  
[9] .  

Nagata et al., [13]  found that myxoid-containing  
and non-myxoid tumours had ADC values 1.92±  
0.41 x 10 -3  mm2/s and 0.97 ±  0.33 x 10 -3  mm2/s,  
respectively (p<0.01) (Nagata et al., 2008). Maeda  
et al., also reported significantly higher ADC values  
in myxoid tumours (2.08 ±0.51 x 10-3  mm2/s) than  
in non-myxoid tumours (1.13±0.40 x 10-3  mm2/s),  
high ADC value in malignant tumor lead to false  
negative result [5] .  

The most likely cause of increased diffusivity  

in myxoid-containing tumours is the abundance of  
free water in the myxoid matrix, which lead to  
highest ADC values, directly reflecting the low  

collagen and high mucin content of these lesions  
as well as the large amount of extracellular water  
seen histologically [14] .  

Also, in previously reported studies compared  

between myxoid and non-myxoid tumor containing  
as regard ADC value revealing that ADC values  
are relatively low in several non-myxoid malignant  
tumours, such as undifferentiated high-grade ple-
omorphic sarcoma, Ewing's sarcoma, malignant  
peripheral nerve sheath tumours, and lymphoma.  

In contrast, myxoid-containing tumours, whether  

benign or malignant, exhibit significantly higher  
ADC values than non-myxoid tumours [15] .  

The current study enrolled 11 benign STSs.  
The most frequent lesions were lipoma and hae-
mangioma with ADV values were 1.12 ±0.16 and  
2.11 ±0.01 x 10-3  mm2/s, respectively. This result  
was consistent with reported by Costa et al., [16]  
who found that haemangioma had higher ADC  
value 2.3 x 10 -3  mm2/s. Also, Romeih et al., [9]  
encountered 22 benign soft-tissue lesions.The  

highest ADC values were observed in giant-cell  
tumours (2.35 x 10 -3  mm2/s), haemangiomas (2.10  
x 10 -3  mm2/s), and schwannomas (1.9 x 10 -3 

 

mm2/s).  

Based on final diagnosis; MRI was successful  

in diagnosis of all cases with malignant muscu-
loskeletal soft tissue masses but as the same time,  

MRI falsely diagnosed one case with benign nature  
to be malignant. This case was finally diagnosed  

to be lipoma where theses lesions had lower ADC  

value below the accepted cut point for malignant  
STSs (1.12±0.16 x 10 -3  mm2/s).  

These results were consistent with those of  

Dietrich et al., [17] , who found overlap between  
malignant and benign STTs, such as in lipomas,  
where large amounts of fatty tissue led to restricted  

diffusion. In highly cellular lesions, the free diffu-
sion of water is restricted, resulting in low ADC  
values. Cellular tissue disruption (for example in  
necrosis) allows free diffusion in all directions,  

resulting in high ADC values [18] .  

It was noticed that MRI had 100% sensitivity  
and 81.8% specificity for diagnosis of malignant  
musculoskeletal soft tissue masses with overall  

accuracy was 92% and area under curve was 0.91  

at cut off value was <1.14 x 10 -3  mm2/s.  
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This result is consistent with Romeih et al., [9]  
who obtained the following values: Area under the  
ROC curve = 0.82, a sensitivity of 83.3%, a spe-
cificity of 72.7%, and a PPV and NPP of 80%.  

Also, Neubauer et al., [11]  reported an area under  
the ROC curve of 0.89 with a specificity of 91%  

and a sensitivity of 90%.  

One of the main limitations of the current study  
is that enrolled small sample size. In addition to,  

another drawback to this study was sometimes ROI  

including small necrotic areas or tiny cysts which  

could lead to an underestimation the performance  
of ADC analysis.  

Conclusion:  
Based on the current study, DWI-MRI consid-

ered the method of choice for the characterization  

of musculoskeletal STTs; however, DW-MRI with  
ADC mapping is a rapidly, valuable, non-invasive,  

non-contrast tool for reliably differentiating be-
tween benign and malignant STTs. It's recommend-
ed to perform such study in large sample of patients  

and in more centers to confirm the great values of  

DWI-MRI in evaluation of such lesions.  
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