
Background: Diffusion-weighted magnetic resonance 
imaging (DWI) is a widely-accepted diagnostic modal-
ity whose efficacy has been investigated by numerous 
past studies in the differentiation of malignant lesions 
from benign entities.
Aims: The aim of this study was to evaluate the ef-
ficiency of diffusion-weighted magnetic resonance im-
aging in the characterization of renal lesions.
Study Design: Diagnostic accuracy study.
Methods: A total of 137 patients with renal lesions 
were included in this study. The median apparent dif-
fusion coefficient (ADC) values as well as the b 800 
and b 1600 signal intensities of normal kidneys, solid 
components of mixed renal masses, and total cystic le-
sions were evaluated. 
Results: There were significant differences between 
the ADC values of lesions and normal renal parenchy-
ma, and between the ADC values of benign and malig-
nant renal lesions on DWIs at b values of 800 and 1600 
s/mm² (p<0.001 and p<0.001, respectively). There 

were significant differences between the ADC values 
of Bosniak Category 1 and 2 cysts and the ADC values 
of Bosniak Category 1 and 3 cysts on DWIs at b values 
of 800 s/mm² (p<0.001) and 1600 s/mm2 (p<0.001). A 
cutoff value of 1.902 x 10-3 mm²/s for the ADC with 
a b value of 800 s/mm² provided 88% sensitivity and 
96% specificity for differentiation between benign and 
malignant renal lesions. A cutoff value of 1.623 x 10-3 
mm²/s for the ADC with a b value of 1600 s/mm² pro-
vided 79% sensitivity and 96% specificity (p<0.001) 
for the differentiation between benign and malignant 
renal lesions.
Conclusion: Accurate assessment of renal masses is 
important for determining the necessity for surgical in-
tervention. DWI provides additional value by differen-
tiating benign from malignant renal tumors and can be 
added to routine kidney MRI protocols.
Keywords: Apparent diffusion coefficient, diffusion-
weighted magnetic resonance imaging, renal neo-
plasms, 3 T MRI

Copyright 2015 © Trakya University Faculty of Medicine
Balkan Med J 2015;32:273-8

Original Article  |		273

Address for Correspondence: Dr. Alpaslan Yavuz, Department of Radiology, Yüzüncü Yıl University Faculty of Medicine, Van, Turkey 
Phone: +90 532 342 49 59 e-mail: dralpyavuz@hotmail.com
Received: 07.07.2014 Accepted: 18.12.2014 • DOI: 10.5152/balkanmedj.2015.15475
Available at www.balkanmedicaljournal.org

Cite this article as:
Göya C, Hamidi C, Bozkurt Y, Yavuz A, Kuday S, Gümüş H. The role of apparent diffusion coefficient quantification in differentiating benign and malignant renal 
masses by 3 tesla magnetic resonance imaging. Balkan Med J 2015;32:273-8.

The Role of Apparent Diffusion Coefficient Quantification in 
Differentiating Benign and Malignant Renal Masses by 3 Tesla 

Magnetic Resonance Imaging 

1Department of Radiology, Dicle University Faculty of Medicine, Diyarbakır, Turkey
2Department of Urology, Dicle University Faculty of Medicine, Diyarbakır, Turkey

3Department of Radiology, Yüzüncü Yıl University Faculty of Medicine, Van, Turkey 
4Department of Radiology, Bismil State Hospital, Diyarbakır, Turkey

5Department of Pathology,  Dicle University Faculty of Medicine, Diyarbakır, Turkey

Cemil Göya1, Cihad Hamidi1, Yaşar Bozkurt2, Alpaslan Yavuz3, Suzan Kuday4, Hatice Gümüş1,  
Gül Türkçü5, Salih Hattapoğlu1, Aslan Bilici1 

Magnetic resonance imaging (MRI) is an imaging modality 
that is becoming widely used for the evaluation of renal le-
sions. MRI has advantages including high contrast resolution, 
the ability to capture images in three planes, and a lack of ion-

izing radiation in comparison to computed tomography (CT). 
The characterization of lesions can be performed more pre-
cisely by using MRI in comparison to ultrasound (US). Lesion 
morphologies, signal intensities, and enhancement patterns 



are evaluated during the MRI procedure. Despite all findings 
being assessed together, there may still be an overlap between 
benign and malignant lesions. Contrast-enhanced CT and MR 
are two of the most commonly used modalities for evaluation 
of renal masses (1). However, contrast agents increase costs 
and may have side effects.

The basic physical principle of diffusion-weighted imaging 
is based on the random movements of molecules (Brownian 
motion) in a spatial plane. This is affected by differences in 
the nucleocytoplasmic ratio and factors that change water dif-
fusion in the interstitial space such as increased cell density 
and viscosity (2). The use of a contrast agent is not neces-
sary for diffusion-weighted imaging (DWI). DWI can be per-
formed in a single breath-hold. DWI was first used for the 
early diagnosis of stroke in neuroradiology. Initially, its use 
was limited to brain tissue due to its high sensitivity for car-
diac, respiratory and peristaltic movements. However, it has 
recently begun to be used for abdominal examinations as a 
result of the development of fast MRI sequences such as echo-
planar imaging (EPI) (3-5). DWI has been demonstrated to 
have advantages in the diagnosis of focal liver lesions and dif-
fuse liver parenchymal diseases such as cirrhosis (6). More-
over, this technique can also be used for the evaluation of na-
tive and transplanted kidney lesions. There have been studies 
conducted on the differential diagnosis of hydronephrosis and 
pyonephrosis using DWI (7,8).

The characterization of renal masses by imaging modali-
ties such as US, CT and MRI would reduce the number of 
redundant invasive and surgical procedures. For this purpose, 
alternative imaging modalities like diffusion-weighted mag-
netic resonance imaging (DW-MRI) which does not involve 
contrast administration or ionizing radiation, has clinical im-
portance.

Studies conducted on the assessment of renal lesions using 
DWI are rapidly increasing at present. Studies on 3 T MRI 
regarding the usage of DW-MRI in the differentiation between 
benign and malignant renal masses are limited in number. The 
efficacy of DW-MRI in the characterization of renal lesions 
was evaluated in the present study.

MATERIALS AND METHODS

This retrospective study was approved by the ethics com-
mittee of Dicle University, and all participants provided writ-
ten informed consent. 

We performed DWI on a total of 137 consecutive patients 
(74 female and 63 male) in whom a renal mass was diagnosed 
by ultrasonography (US), computed tomography (CT) or MRI 
in the period between February 2012 and June 2013. 

We used the Bosniak classification to appoint cystic lesions 
prospectively. Type 1 lesions are thin walled simple cysts that 
contain fluid with the attenuation of water, without septae 
or calcification. Type 2 lesions are cystic lesions which may 
contain thin hairline septa. These cysts may have fine calci-
fication in the walls (septae) or slightly thickened calcifica-
tion in a short segment. The septum or cyst wall is minimally 
enhanced. Also, lesions which are less than 3 cm in diameter 
with uniformly high intensity on T1-weighted images but are 
not enhanced are included in type 2. The first two types of the 
Bosniac classification are benign. Type III lesions are inde-
terminate cystic masses and suspected malignancy should be 
excluded. They have thick, irregular walls or septae, and may 
contain varied amounts of calcification. Cyst wall or septae 
are clearly enhanced. Type 4 lesions nearly always have a non-
uniform or enhanced thick wall, large or enhanced nodules in 
the wall, or obviously solid components in the cystic lesion. 
These lesions are mostly clear and almost always malignant.

All images were obtained using a 3 T MR system (Intera 
Achieva, Philips Medical Systems, the Netherlands) equipped 
with a phased-array coil (six-channel). The breath hold DW im-
ages were obtained using a customized Black-Blood Spin Echo-
Echo Planar Imaging (BB SE-EPI) sequence. An XL TORSO 
coil was used with the channel numbers of 16. In the coronal 
T2 TSE Breath Hold (BH) and coronal T2 TSE Free Breathing 
(FB), two b values (b 800 and b 1600 s/mm2) using the transverse 
BB SE-EPI sequences were acquired. The scanning parameters 
were as follows: Coronal T2W TSE BH (TR=shortest, TE=80, 
Slice Thickness=6, Interslice Gap=1, Matrix=312 x 247, FOV 
FH=405, NSA=1, Sense Factor=P, Reduction (RL)=2, Voxel 
Size=0.79, Slice Number=74, Scan Time=22-3), Transverse 
T2W TSE FB (TR=shortest, TE=80, Slice Thickness=7, Inter-
slice Gap=1, Matrix=284 x 194, FOV FH=255, NSA=1, Voxel 
Size=0.73, Slice Number=32, Scan Time=1-36, Transverse BB 
SE-EPI b 800 and b 1600 (Slice Thickness=7, Interslice Gap=1, 
Matrix=152 x 112, FOV FH=199, RL=450, AP=338, NSA=3, 
Sense Factor= P, Reduction=2). The DWI acquisition was two 
minutes and 14 seconds in total. All of the MR images of the 
137 patients were reviewed at the PACS workstation (Philips 
Workspace, Extended MR Workspace, release 2.6.3. 2009, 
Philips Medical Systems, The Netherlands). All of the images 
were analyzed by an abdominal radiologist with five years of 
experience. The segmental locations of all the lesions and the 
sizes of each lesion were electronically recorded. With the two 
b values (b=800 s/mm2 and b=1600 s/mm2), the quantitative 
ADC calculations were determined. The ADC values were cal-
culated by inserting a region of interest (ROI) in three different 
locations of the masses. After calculating the mean ADC values, 
ADC values of renal tumors in two diffusion gradients were 
compared. ADC values of the contrast enhanced areas of solid 
tumors and entire lesion of cystic tumors were measured one 
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by one. The smaller ROIs were placed on enhancing soft tissue 
areas of solid tumors. The necrotic area from the ROI analysis 
was excluded (30 mm2). The largest ROIs were placed on cystic 
renal tumors to evaluate the ADC values of whole lesions (150 
mm2) manually.

Three ROI measurements were performed for each measure-
ment, and the mean value of the measurements was accepted. 
ROIs that included motion artifacts were excluded. ADC in 
normal renal parenchyma was calculated from upper-lower re-
nal pole and the central part of the corticomedullary junction.

Quantitative DWI findings were recorded for each patient, 
and they were compared with surgical and histopathological 
results. ADC values were compared between control group 
and patient groups. 

Statistical analysis
Statistical analyses were performed by SPSS version 18.0 

(SPSS Inc., Chicago, IL, USA). Data are presented as the 
mean and standard deviation or n (%). The one-sample Kol-
mogorov-Smirnov test was used to evaluate the distribution 
of data. An unpaired Student’s t-test was used to compare the 
mean ADC values between suspicious lesions and normal re-
nal parenchyma after ensuring normal distribution by Shapiro-
Wilk test. The Mann–Whitney U or Kruskal–Wallis tests were 
performed to compare the mean ADCs and histopathological 
variables. A p value of less than 0.05 was considered to be a 
statistically significant difference. Receiver operating charac-
teristic (ROC) analysis was done to evaluate the diagnostic 
performance of the ADC for differentiating benign and malign 
lesions. The significant cut-off value was determined to be the 
value that best discriminated between benign and malignant in 
terms of maximum sensitivity and specificity.

RESULTS

We enrolled 63 male and 74 female patients. The age of our 
study population ranged from 2 to 95 years, with a mean age 
of 55.54+16.59 years. In total, 137 patients with renal masses 
were included in this study. Forty-six of 137 patients under-
went surgery; four of those 46 lesions were pyelonephritis, 
nine were hemorrhagic cysts, five were oncocytomas, and 28 
were carcinomas (Figure 1). Of the remaining 91 patients who 
were not operated on based on imaging findings, 57 and 24 
had Bosniak Category 1 and 2 cysts, respectively, and six had 
Bosniak Category 3 cysts. Bosniak Category 3 lesions were 
followed up. Four of the 91 lesions were angiomyolipomas.

The mean ADC value of normal renal parenchyma was 2.07 
x 10-3 and 1.56 x 10-3 mm2/s at b 800 and b 1600 s/mm², re-
spectively. The mean ADC value of lesions that were totally 
included in the study was 2.28 x 10-3 and 1.83 x 10-3 mm2/s at 
b 800 and b 1600 s/mm², respectively. There were significant 
differences between the ADC value of lesions and normal re-
nal parenchyma on DWI at b values of 800 and 1600 s/mm² 
(p<0.001 and p<0.001 respectively).

The mean ADC value of benign lesions was 2.52 x 10-3 
mm2/s (0.44–3.75 x 10-3 mm2/s) and 2.03 x 10-3 mm2/s (0.31–
9.72 x 10-3 mm2/s) at b 800 and b 1600 s/mm². The mean ADC 
value of malignant lesions was 1.29 x 10-3 mm2/s (0.70–2.03 
x 10-3 mm2/s) and 1.06 x 10-3 mm2/s (0.62–1.74 x 10-3 mm2/s) 
at b 800 and b 1600 s/mm². There were significant differenc-
es between the ADC values of benign and malignant lesions 
on DWIs at b values of 800 and 1600 s/mm² (p<0.001 and 
p<0.001 respectively).

There were significant differences between the ADC values 
of Bosniak Category 1 and 2 cysts and the ADC values of Bos 
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FIG. 1. a-f. A 25-year-old man with renal cell carcinoma in the right kidney. Fat-saturated T2-weighted image shows a hypointense mass in the 
right kidney. Signal intensity changes of the lesion were observed on DWIs at different b values (800 and 1600 s/mm2) (a-e) and auto ADC (f). 
The lesion showed high signal intensity compared with the normal renal parenchyma on DW images with two b values. 
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niak Category 1 and 3 cysts on DWIs at b values of 800 s/mm² 
(p<0.001) and (p<0.001), respectively. There were significant 
differences between the ADC values of Bosniak Category 1 and 
2 cysts and the ADC values of Bosniak Category 1 and 3 on 
DWIs at b values of 1600 s/mm² (p=0.011 and p=0.013, respec-
tively). There were significant differences between the ADC 
values of Bosniak Category 2 and 3 cysts on DWI at b values 
of 800 s/mm² (p<0.001). However, there was not a significant 
difference between the ADC value of Bosniak Category 2 and 3 
cysts on DWI at b values of 1600 s/mm² (p=0.21).

ROC analysis and cut-off levels
The cut off level for the ADC with b values of 800 s/mm² de-

rived from the ROC analysis was 1.902 x 10-3 mm2/s (p<0.001). 
The resulting sensitivity and specificity of DWI were 88% and 
96%, respectively. The cut off level for the ADC with b values 
of 1600 s/mm² derived from the ROC analysis was 1.623 x 10-3 
mm2/s (p<0.001). The resulting sensitivity and specificity of DWI 
were 79% and 96%, respectively (Figure 2). 

DISCUSSION

In this study, DW-MRI was performed for the characteriza-
tion of renal lesions. ADC values of normal renal parenchyma 
and renal lesions differed significantly. The ADC values of be-
nign lesions were significantly higher than the values of malig-
nant lesions. When we classified renal cysts according to the 
Bosniak classification system, we observed that ADC values of 
Bosniak Category 1 cysts at b 800 and 1600 s/mm² were signifi-

cantly higher than values of normal renal parenchyma. There 
was a significant difference between Bosniak Category 1 and 
2 cysts and Bosniak Category 1 and 3 cysts in terms of ADC 
values at b 800 s/mm² and 1600 s/mm². There was a significant 
difference between Bosniak Category 2 and 3 cysts at b 800 s/
mm² but there was not a difference at b 1600 s/mm². A cutoff 
value of 1.90 x 10-3 mm2/s for the ADC with b values of 800 
s/mm² provided 88% sensitivity and 96% specificity. A cutoff 
value of 1.623 x 10-3 mm2/s for the ADC with b values of 1600 
s/mm² provided 79% sensitivity and 96% specificity (p<0.001).

Angiomyolipomas and oncocytomas are benign examples 
of solid renal masses. The most common malignant tumor of 
the kidney is renal cell carcinoma (RCC). Renal cell carcino-
mas are generally solid masses, but cystic forms of RCC may 
appear in 10-15% of patients. Benign cystic lesions are usu-
ally asymptomatic and are diagnosed incidentally. Renal cell 
cancer and loculated infections should be considered in the 
differential diagnosis. US, CT, MRI, or a combination of these 
techniques are used to determine whether a solid or cystic re-
nal mass is benign or malignant (9,10).

In a previous study, the ADC value for normal renal paren-
chyma was between 1.78-3.56 x 10-3 mm2/s (11). We found 
a mean ADC value of 2.07 x 10-3 and 1.56 x 10-3 mm2/s at b 
values of 800 and b 1600 s/mm² in normal renal parenchyma, 
which is consistent with previously reported results. The ADC 
values of normal renal parenchyma and lesions using DW-
MRI at b0 and 500 s/mm² values have also been reported (8). 
It was found that the mean ADC value was 3.65 x 10-3 mm2/s 
in simple cysts, and this value was significantly higher than 
normal renal parenchyma. In another study (12), it was dem-
onstrated that the mean ADC value was 3.09 x 10-3 mm2/s in 
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FIG. 2. a-e. A 60-year-old man with oncocytoma in the left kidney. Fat-saturated T2-weighted image shows a slightly hyperintense mass in the 
left kidney (a). Signal intensity changes of the lesion were observed on DWIs at different b values (for b800 values: 2.05, and for b1600values: 
1.57 s/mm2) (b-c) and ADC (d-e). The lesion showed iso and slightly hyper signal intensity compared with the normal renal parenchyma on DW 
images with two b values.
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simple renal cysts, which was higher than normal renal paren-
chyma. In our study, the mean ADC value of benign lesions 
was 2.52 x 10-3 mm2/s (0.44–3.75 x 10-3 mm2/s) and 2.03 x 
10-3 mm2/s (0.31–9.72 x 10-3 mm2/s) at b 800 and b 1600 s/
mm², respectively. Consistent with the other studies, the ADC 
values of benign lesions were higher than the values of normal 
renal parenchyma. 

In two different studies, Inci et al. (12) conducted a study on 
RCC and found that the ADC value was 1.11 x 10-3 mm2/s and 
1.38 x 10-3 mm2/s at b values of 500 and 1000 1000 s/mm2, re-
spectively. In both studies, the ADC values of malignant lesions 
were lower than the values of normal renal parenchyma. In an-
other study, Manenti et al. (13) reported statistically significant 
differences among the ADC values of carcinomas and normal 
parenchyma. In our study, the mean ADC values of malignant 
lesions were 1.29 x 10-3 mm2/s (0.70–2.031 x 10-3 mm2/s) and 
1.06 x 10-3 mm2/s (0.62–1.74 x 10-3 mm2/s) at b 800 and b 1600 
s/mm², which are significantly lower than those of normal renal 
parenchyma (p<0.001), similar to previous studies.

It has been shown that the mean ADC value of solid tumors 
is 1.55 x 10-3 mm2/s (8), which was lower than the value of 
simple cysts (3.65 x 10-3 mm2/s). In another study (14), it was 
observed that the ADC value of solid renal tumors (2.49 x 
10-3 mm2/s) was lower than the value of simple cysts (3.82 
x 10-3 mm2/s) as well. Moreover, DW-MRI with quantitative 
ADC measurements (15) may be useful in the differentiation 
between benign and malignant renal lesions. High b values 
(600 and 1000 s/mm²) had the best specificity and sensitivity 
when AML (angiomyolipoma) was excluded. In our study, the 
mean ADC values of benign lesions were 2.52 x 10-3 mm2/s 

(0.44–3.75 x 10-3 mm2/s) and 2.03 x 10-3 mm2/s (0.31–9.72 
x 10-3 mm2/s) at b 800 and b 1600 s/mm², respectively. The 
mean ADC values of malign lesions were 1.29 x 10-3 mm2/s 
(0.70–2.03 x 10-3 mm2/s) and 1.06 x 10-3 mm2/s (0.62–1.74 x 
10-3 mm2/s) at b 800 and b 1600 s/mm². There were significant 
differences between the ADC values of benign and malignant 
lesions on DWI at b values of 800 and 1600 s/mm² (p<0.001 
and p<0.001 respectively). In a meta-analysis study, Lassel et 
al. (16) observed that the evaluation of ADC values can help 
to distinguish between benign and malignant lesions, and it 
also seems able to differentiate oncocytomas from malignant 
tumors, hence potentially reducing the number of unnecessar-
ily performed nephrectomies.

The simple renal cysts had the highest ADCs because of 
their fluid content, with unrestricted motion of water mol-
ecules. In a previous study, Inci et al. (12) reported a mean 
ADC value of 3.09±0.14 x 10-3 mm2/s in Bosniak Category 
I cysts. The mean ADC value in Bosniak Category I cysts 
(n=20) was remarkably higher than that of normal renal paren-
chyma (p<0.01). A statistically significant difference was de-
termined between the signal intensities of Bosniak Category I 
and Category II–III cysts at b 1000 (p<0.05). We found a mean 
ADC value of 2.93±0.14 x 10-3 mm2/s in Bosniak Category I 
cysts, which was higher than the value of normal renal paren-
chyma, 2.49±0.30 x 10-3 mm2/s in Bosniak Category II cysts, 
and 1.95±0.27 x 10-3 mm2/s in Bosniak Category III cysts. 
There was a significant difference between Bosniak Category 
I and III cysts and Bosniak Category I and II cysts in terms of 
ADC values using DW-MRI at a b value of 800 (p<0.001 and 
p<0.001). A significant difference was observed between Bos-
niak Category I and II cysts and Bosniak Category I and III 
cysts in terms of ADC values using DWI at a b value of 1600 
(p=0.011 and p=0.013). ADC values of Bosniak Category II 
and III cysts at b value of 800 differed significantly (p<0.001). 
Additionally, there was a significant difference between the 
ADC values of Bosniak Category II and III cysts at b value of 
1600 with a higher p value (p=0.021) than at b value of 800; 
hereby, the usage of higher b values might be considered as 
impractical when compared with the b value of 800. Further 
studies should be performed to clarify the issue.

Focal renal lesion characterization and staging/grading of 
cancer prediction are the advantages of DWI. On the other 
hand, contrast-enhanced imaging and pathology are required 
as additional data for DWI. ADC can be falsely decreased in 
renal abscesses and elevated in cystic RCCs. This limitation 
of DWI decreases the sensitivity and specificity of ADC mea-
surements for the diagnosis of neoplasms (17). 

 In a previous study, significant differences were shown be-
tween the ADC values of the subtypes of malignant tumors, 
while there were no significant differences between benign and 
malignant lesions in terms of the ADC values. The explanation 
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FIG. 3. Graph shows receiver operating characteristic curve for 
apparent diffusion coefficient (ADC) values. Area under curve, which 
represents probability that lesion will be classified accurately as benign 
or malignant according to ADC with b values of 800 s/mm² is 0.92, and 
ADC with b values of 1600 s/mm² is 0.91. Upper left point on curve is 
the cutoff value of ADC with the highest sensitivity and specificity. 
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for this conclusion can be the exclusion of the cystic lesions 
from the relevant study and the discrepancy in the number and 
variety of the lesions when compared with our study (18).

The limitations of our study were as follows. Our patient 
population of the subgroups was small. The second limitation 
is that not all of the lesions were diagnosed histopathologically, 
and only common types of focal renal lesions were studied. Fi-
nally, using a higher b value of single-shot echo-planar imaging 
had a lower SNR, and this condition led to image distortions.

In conclusion, MRI is a useful modality as an investigative 
tool for diagnosing, characterizing, and staging renal masses. 
DWI contributes additional value by allowing the differentia-
tion of benign from malignant renal tumors and can be added 
to routine kidney MRI protocols. The acquisition of DWI and 
ADC values can be used to reduce unnecessary surgery in 
these patients. It is possible to place these patients into “active 
surveillance” by serial MR imaging with ADC as a routine 
component. Additionally, measuring signal intensities of trace 
diffusion images and ADC values may also be useful in sub-
grouping renal cysts.
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