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FIND SIMILAR JOURNALS 

1
Medico-Legal Update

IND

53%
similarity

2
International Journal of
Medical Toxicology and Legal
IND

41%
similarity

3
Journal of Indian Academy of
Forensic Medicine
IND

34%
similarity

4
Journal of Punja
of Forensic Medi
IND

30%
similar

SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
1999 0
2000 0
2001 0
2002 0

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total

number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 1999 0.000
Cites / Doc. (4 years) 2000 0.000
Cites / Doc. (4 years) 2001 0.000
Cites / Doc. (4 years) 2002 0.000
Cites / Doc. (4 years) 2003 0.000
Cites / Doc. (4 years) 2004 0.000
Cites / Doc. (4 years) 2005 0.000
Cites / Doc. (4 years) 2006 0.000
Cites / Doc. (4 years) 2007 0.000
Cites / Doc. (4 years) 2008 0.000

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.
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Dear sir.,

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
1999 0
2000 0

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 1999 0
Uncited documents 2000 0
Uncited documents 2001 0
Uncited documents 2002 0
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Characteristics of Apparent Diffusion Coefficient and Time 
Intensity Curve in AdvancedMagnetic Resonance Imaging of 

Malignant Soft Tissue Tumors
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Abstract
Malignant soft tissue tumors are usually identified and characterized by conventional magnetic resonance 
imaging (MRI) due to its high resolution on soft tissues. However,combinationof advanced MRI and 
conventional MRI increases the accuracy. This study was conducted to assess the characteristics of apparent 
diffusion coefficient(ADC) and time intensity curve (TIC) in dynamic contrast-enhanced MRI (DCE-MRI) 
in malignant soft tissue tumors. A cross-sectional study was conducted inDr. Soetomo Hospital, Surabaya, 
Indonesia. Demographic and clinical data, theclassification of malignant soft tissue tumor, histopathological 
examination results, ADC value, and TIC of DCE-MRI were collected.Between 1st January2018 and 30th 
August 2020, 30 malignant soft tissue tumors were included of which the most common malignantsoft tissue 
tumorsoccurred in those who were older than 50 year (30.0%) and located in the femur (33.3%). The most 
common tumor was synovial sarcoma (23.3%) and undifferentiated pleiomorphic sarcoma (20.0%). Type 
4 and 3 of TIC were found in 92.0% and 8.0%, respectively. The overall mean of ADC and steepest slope 
were 0.84x10-3±0.14x10-3mm2/sand 15.8%±19.9%, respectively. The highest and the lowest mean ADCwas 
observed in squamous cell carcinoma and squamous cell carcinoma, and malignant peripheral nerve sheath 
tumor (MPNST), respectively. In contrast, the highest and the lowest steepest slopewas found in MPNST and 
squamous cell carcinomawith 75.43% and 2.45%, respectively.In conclusion, information of TICparameters 
such as ADCvalue and steepest slope might potentially be used in determining the histopathologic types of 
malignant soft tissue tumors. 

Keywords: apparent diffusion coefficient; time intensity curve; advanced MRI; soft tissue tumor; maximal 
peak enhancement. 
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Introduction

Soft tissue tumor is a tumor occur in muscles, 
tendons, ligaments, fascia, peripheral nerves, fibrous 
tissue, fat, and blood vessels.1,2It may appear as benign 
or malignant types with two clinical appearances, 
either neoplasm or non-neoplasm.The benign cases 

are found in 300/100,000 population per year, while 
the malignant cases are found in 5/10,000 population 
per year (approximately 1% of all malignant tumor 
patients) with varying prognosis depending on the early 
diagnosis, treatment effectivity, and follow-up of the 
case reccurency.2 

Magnetic resonance imaging (MRI) is one the 
imaging modalities in identifying and characterizing 
soft tissue abnormalities due to its high resolution on 
soft tissue.MRI has become the main radio-diagnostic 
tool in determining the tumor staging prior to biopsy, the 
therapeutics approaches,as well as thetreatment follow-
up.4Despite of its high sensitivity (90%), conventional 
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MRI has a low specificity (37%) in differentiating 
benign and malignant soft tissue tumors due to its non-
specific appearances and characteristics.5Therefore, 
advanced MRI on soft tissue tumor have been developed 
and combined with conventional MRI to achieve higher 
accuracy. Advanced MRI itself consists of perfusion 
dynamic contrast-enhanced magnetic resonance (DCE-
MRI) with color mapping image, proton magnetic 
resonance spectroscopy, diffusion weighted imaging 
(DWI), and inphase and opposed phase of MRI.4 

DWI can be quantitatively evaluated using apparent 
diffusion coefficient (ADC) which reflects water 
molecules movement (i.e., diffusion) in various tissues. 
Therefore, tumor matrix and its cells’ composition 
may affect DWI and ADC. Quantitative assessment 
of imaging using ADC has also been proven to be 
beneficial in differentiating benign and malignant 
tumorsand reflectingthe histological characteristics.6A 
studyalso showed that tumor cellularity degree 
was negatively correlated to the ADC.7Apart from 
DWI and ADC, dynamic contrast-enhanced of the 
vascularization in tumor and tumor-like lesions could 
also be quantitatively assessed using time intensity 
curve (TIC) and qualitatively assessed based on its slope 
which expressed in % per minutes. This method has 
several important advantages, including the ability:(a) 
to characterize the soft tissues;(b) to determine thelocal 
staging of a tumor; (c)to identify the active site of a 
tumor through MRI-guided biopsy; (d)to monitorthe 
preoperative chemotherapy; (e)to detect the residual 
or recurrent lesions; and (f) todifferentiate tumor and 
fibrosis.8 

Assessing the ADC and TIC in advanced MRI, 
may provideinformationregarding the physiological 
characteristics of soft tissue tumors which later may help 
radiologists to characterize the vascularization of the 
soft tissue tumors, along with the angiogenesis patterns. 
Advanced MRI may also be usedin evaluating the effect of 
anti-angiogenic treatment in soft tissue tumorswhichare 
unable be observed in histopathological examination. 
This study sought to assess the characteristics of TIC and 
ADC ofadvanced MRI in malignant soft tissue tumors. 
The results might provide important information that 
help to improve the diagnostic accuracy and treatment 
evaluation in malignant soft tissue tumors. 

Materials and Methods

A cross-sectional study was conducted in 
Department of Radiology, Dr. Soetomo Hospital, 
Surabaya, Indonesia. Demographic and clinical data, 
the classification of malignant soft tissue tumors, 
histopathological results were retrospectively retrieved 
from all patients’ medical records from1st January2018 
to 30th August 2020. The inclusion criteria of patients 
were as follows: (1) all patients who undergone DCE-
MRI examinationfollowed by the ADC evaluationand 
(2) the diagnosis of soft tissue tumor wasconfirmed 
based on histopathological examination.All patientsthat 
had imaging with clearly defined artefact in DWI, 
no TIC graph shown in the region of interest (ROI), 
and those with history of neoadjuvant therapy, either 
chemotherapy or radiotherapy were excluded. The 
malignant soft tissue tumorswereclassified based on the 
World Health Organization (WHO) 2013 classification.2 

A Siemens MagnetomSkyra 3T MRIwas used as 
the radio-diagnostic examination. An initial plain MRI, 
including coronal, sagittal, and axial T1W, T2W, and 
short tau inversion recovery (STIR) sequence were 
performedfollowing the DCE-MRI and DWI sequence. 
Post-contrast images of the conventional FS T1W in 
three planes were also assessed after DCE-MRI. 

A single-dose contrast agent, gadotericacid 0.2 
mmol/kgBW, was injected intravenously in a rate of 
3-3.5 mL/s through the antecubital vein. Next, 20 mL 
of normal saline was injected following the contrast 
agent to empty the dry vessels and to ensure that the 
contrast entered the systemic circulation as a coherent 
bolus. Then, DCE-MRI was performed using T1 TSE 
3D sequence of 30-40 slice per slab, TR/TE 5.48/1.97 
ms, Fov read 200, and Fov phase 100. ADC and TIC 
were interpreted blindly by two musculoskeletal 
radiologists with more than 5 years of experience. The 
ROI placement was limited to three circular intra-lesion 
areaswith 10-55 mm2. 

ADC and the parameters of TIC were collected. 
ADC was defined as a logarithmic down slope of 
the signal intensity among two or more b values as 
expressed in mm2/s.9 TIC was classified into five types 
according to the classification proposed by Drapé.10The 
estimation ofthe steepest slope of TIC was performed 
to measure the initial uptake of the contrast agent,11 
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while the TIC enhancement parameter was measured using the steepest slope and the maximal enhancement relative 
(MER).11Steepest slope and MER were calculated based on formula as follows:

 

 

Results

Patients’characteristics

A total of 30 malignant soft tissue tumors were includedin the study of which 15 patients (50%) were male 
with the mean age was 51.7±16.5 years. More than half of the patients (n=16, 53.3%) aged more than 50 years and 
no cases were reported in those younger than 20 years (Figure 1A).The most common location of the malignant 
soft tissue tumorswas reported in femur(n=10, 33.3%). Elbow, supraclavicular, and wrist were the least common 
locations of malignant soft tissue tumor with 1 case was reported for each location (Figure 1B). 

Figure 1. The characteristics of the patients with malignant soft tissue tumorbased on: (A) age group and (B)
tumor location. 
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Since the ROI placement was repeated times, the 
total TIC of patients was 90. Based on type of TIC, 7 
(8%) malignant soft tissue tumorsbelonged totype 3 
and 83 (92%) was type 4. No other types (type 1, 2, 
and 5) were observed in this study. The most common 
histopathological types were synovial sarcoma (23.3%) 

and undifferentiated pleiomorphic sarcoma (20.0%). 
A radiodiagnostic result of a 55-year-old woman with 
left femur tumor that was diagnosed as undifferentiated 
pleiomorphic sarcoma is presented as a case illustration 
(Figure 2). 

Figure 2. A case illustration of the radiodiagnostic result of a 55-year-old woman with left femur tumor 
which diagnosed as undifferentiated pleiomorphic sarcoma. (A)Diffusion weighted imaging (DWI) 

sequenceappears to be restricted diffusion in areas with malignancy.(B) Apparent diffusion coeffi cient 
(ADC) sequenceappears unrestricted diffusion in areas with malignancy. (C) Axial cross-section image after 
injection of contrast dynamic contrast enhancement. (D)Time intensity curve (TIC) graph generated after 

placement of ROI shows type 4 TIC. 
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TIC signal intensity enhancement parameters

The overall mean values of ADCwas0.84±0.14x10-

3mm2/s, steepest slopewas 15.88%±19.93%and MER 
was 129.39±76.06% (Table 1).Our study showed that 
squamous cell carcinoma and rhabdomyosarcoma had 
the highest mean ADC, both 0.999x10-3 mm2/s and 
malignant peripheral nerve sheath tumor (MPNST) and 
malignant round cell tumor had the lowest mean ADC, 

0.611x10-3 mm2/s and 0.749x10-3 mm2/s, respectively 
(Table 1). Squamous cell carcinomahad the lowest 
steepest slope whileMPNSThad the highest steepest 
slope with 2.45% and 75.43%, respectively. The mean 
MER in myxofibrosarcoma (267.87%) and primitive 
neuroectodermal tumor (PNET) (251.01%) were the 
highest among other malignant soft tissue tumors.The 
lowest MER wasfound in leiomyosarcoma (26.55%) 
(Table 1). 

Table 1. Mean ADC, steepest slope, and MER based on the histopathological types of malignant soft tissue 
tumors (n=30)

Histopathological types 
Mean value

ADC(10-3 mm2/s) Steepest slope (%) MER (%)

Adenocarcinoma 0.935 8.08 135.51

Leimyosarcoma 0.913 23.98 26.55

Malignant round cell tumor 0.749 29.63 88.45

Malignant mesenchymal tumor 0.840 4.45 153.17

MPNST 0.611 75.43 150.71

Myxofibrosarcoma 0.988 7.11 267.87

Myxoid liposarcoma 0.829 13.01 67.38

PNET 0.933 12.66 251.01

Rhabdomyosarcoma 0.999 3.79 143.13

Squamous cell carcinoma 0.999 2.45 183.07

Synovial sarcoma 0.828 16.01 134.61

UPS 0.798 14.15 109.56

All types 0.84±0.14 15.88±19.93 129.39±76.06

ADC, apparent diffusion curve; MER, maximal enhancement relative; MPNST, malignant peripheral nerve 
sheath tumor; PNET, primitive neuroectodermal tumors; SD, standard deviation; UPS, undifferentiated pleimorphic 
sarcoma. 



1906    Indian Journal of Forensic Medicine & Toxicology, July-September 2021, Vol. 15, No. 3

Discussion

In the present study, malignant soft tissue tumors 
were prevalent among those older than 50years and 
occurred equally in both genders. Similar findings were 
observed in a previous study.13 Furthermore, our study 
also showed that type 4 and type 3 TIC were the most 
common TIC types. A previous study found that 50% 
of the patients with malignant soft tissue tumor had 
type 4 TIC, 33% had type 3 TIC, 17% had type 2 TIC 
patients, and no patient had type 1 and type 5 TIC.14High 
perfusion and permeability of endothelial could be 
reflected withhigh enhancement intensity and contrast 
uptake in advanced MRI.The TIC type reflects dynamic 
changes in blood flow and intra-tumor perfusion. The 
pattern on TIC could suggest the physiology of tumor 
tissues, where this pattern can be used to determine the 
angiogenesis patterns the tumors.14 

ADC is potentially to be used to differentiate benign 
and malignant soft tissue tumors. A study found that the 
mean of ADC of soft tissue tumorswas 0.90±0.70x10-

3 mm2/s and has been proven to be beneficial in 
differentiating benign and malignant tumors.15Another 
study also found similar mean ADC, 0.84±0.14x10-3 

mm2/s and suggested negative correlation between ADC 
and tumor cellularity degree.7 Moreover, a studystated 
that the mean ADC >2.5x10-3 mm2/s yielded a high 
sensitivity (80%) and a high specificity (100%) in 
diagnosing cysts and benign cystic lesions.16 ADC is 
relatively low in several types of non-myxoid malignant 
tumors, including MPNST, lymphoma, undifferentiated 
high-grade pleomorphic sarcoma, and Ewing sarcoma.(4) 
This supports our current findings which showed lower 
ADC in MPNST and undifferentiated pleomorphic 
sarcoma compared to myxoid liposarcome and myxoid 
fibrosarcoma.

The steepest slope graphmight help to differentiate 
benign and malignant soft tissue tumors.14A study 
found that the steepest slope increasefor >30% per 
minute was observed in 84% of malignant soft tissue 
tumors.12 Malignant tumor has a high vascularization 
and a relatively limited interstitial space which results 
in a high rate of achieving the contrast-enhanced state. 
In contrast, benign tumor has a low perfusion rate and 
a relatively wide interstitial space resulting to a late 
contrast-enhanced state. Our findings are in line with the 

study by Tucbileket al.12 High microvascular density and 
infiltrated muscle tissue will lead to the early contrast-
enhancement in DCE-MRI and tend to have higher 
steepest slope.17Nevertheless, although the malignant 
tumors usually have higher contrast-enhancement, 
several benign tumors such as hemangioma, myositis 
ossificans, and aggressive fibromatosis, may show high 
contrast-enhancement.12 

Our study suggested that that the mean MER tended 
to be higher in type 4 TIC than type 3 TIC and early 
contrast-enhancement indicated malignancy in the 
histopathologic examination. These findings are in line 
with a previous studythat stated the benefits of TIC in 
differentiating benign and malignant lesions.14Another 
study also found that rapidly growing and rapidly washing 
out of TIC consistently reflect tumor malignancy.18 

This study has some limitations. Although we 
retrieved the data for two-year period, the number 
of patients that were eligible was relatively small. In 
addition, limited ROI placements in our study which 
was only threeand different sampling locationsmight 
potentially cause variability. 

Conclusion 

Understanding of ADC and TIC parametersof 
advanced MRI of the malignant soft tissue tumors is 
important to determine or distinguishthe histopathologic 
type. In the present study, type 4 and 3 are two of the 
most common TICamong malignant soft tissue tumors. 
Our initial data suggest that ADC, steepest slope, and 
MERmight potentiallycorrelated with the type of 
malignant soft tissue tumors. However, further studies 
are warrant to provide more robust data. 
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