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ABSTRACT
Objective: In this study, we aimed to measure apparent diffusion coefficient (ADC) values of healthy renal parenchyma using dif-
fusion-weighted imaging (DWI) in a 3 Tesla (3T) magnetic resonance imaging (MRI) device.
Methods: Apparent diffusion coefficient values of right and left  renal parenchyma were measured in 87 individuals (64 females, 
23 males) from DWIs obtained with a 3T MRI device. In the ADC measurement, bilateral renal parenchymal margins were drawn 
by the free-hand region of interest (ROI) on DWI (b=600 s/mm²), and ADCmean values were recorded from ROIs on the ADC map.
Results: The ADCmean value of renal parenchyma was 2.21x10−3 mm2/s and 2.2x10−3 mm2/s for the right and left kidney, respectively. 
Measured ADC values of the right and left renal parenchyma were highly consistent (Intraclass correlation coefficient (ICC=0.968; 
confidence interval (CI):[0.952–0.979]). ADC values of renal parenchyma were significantly lower in the group of patients older than 
or equal to 50 years as compared to the group of patients younger than 50 years (p=0.001). There was no significant difference 
between females and males in terms of the ADC values of renal parenchyma (p=0.161 for the right kidney, p=0.207 for the left kid-
ney). Measured ADC values of the right and left renal parenchyma were highly consistent (ICC=0.968; CI:[0.952–0.979]). There was 
a strong negative correlation between ADC values of renal parenchyma and age (r=−0.686, p=0.001 for the right kidney; r=−0.759, 
p=0.001 for the left kidney).
Conclusion: Apparent diffusion coefficient values are quantitative values obtained by DWI, and it is important to understand the 
ADC values of normal healthy renal parenchyma in order to interpret ADC values in renal pathologies.
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INTRODUCTION
Diffusion-weighted magnetic resonance (MR) imaging is an im-
aging method based on detecting the random movements of 
water molecules (1). In the human body, water is in cells and 
extracellular compartments. While the water molecules in extra-
cellular media show relatively free diffusion, intracellular mole-
cules exhibit relatively limited diffusion. Different tissues of the 
body have a characteristic cellular structure and proportions of 
intracellular and extracellular regions, and they also have charac-
teristic diffusion properties. The relative proportion of water dis-
tribution between these compartments varies with pathological 
processes. For example, in intracellular high-grade malignancies, 
the intracellular ratio increases, and diffusion is relatively restrict-
ed. Diffusion-weighted imaging (DWI) provides qualitative and 
quantitative information about diffusion characteristics (2).

Diffusion-weighted imaging is an advantageous MR imaging 
method as it does not involve any contrast agents, and it is a non-
invasive method, enabling quantitative assessment as well as qual-
itative assessment. The apparent diffusion coefficient (ADC) is a 
quantitative value that enables quantitative measurement on the 
ADC map obtained from DWI. While DWI has previously been per-
formed on the brain for the diagnosis of acute ischemia, it has also 

become common in abdominal pathologies, and it is now included 
as an imaging modality in routine MR examinations in many cen-
ters. It greatly contributes to diagnosis in pathologies of abdominal 
organs such as the liver and pancreas (3, 4). Studies have shown 
that ADC values have been useful in assessing solid kidney lesions, 
differentiating between benign and malign kidney lesions and the 
subtype determination of malign solid masses (5-7).

It is important to understand the ADC values of normal healthy 
renal parenchyma to interpret ADC values in renal pathologies. 
Although there have been studies conducted with a 1.5 Tesla 
MRI device on this subject, the number of studies conducted 
with a 3 Tesla (3T) MRI device is limited in the literature (8). In 
this study, we aimed to measure the ADC values of healthy renal 
parenchyma using DWI with a 3T MRI device.

METHODS
Volunteers without abdominal MRI findings who underwent 
abdominal MR imaging, including DWI for screening purposes 
due to other reasons, between August 2017 and August 2018 
in the Radiology Department of Gaziantep University, School of 
Medicine, were included in this retrospective study. Written in-
formed consent was provided by all patients prior to the start of 
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the study, which was approved by Gaziantep University Ethics 
Committee (decision no. 2018/246).

Patients with a known kidney disease, hypertension, and dia-
betes were excluded from the study. The MR examination was 
performed on a 3T MRI device (Ingenia 3.0 T; Philips Healthcare, 
Best, The Netherlands), as an abdominal MRI that also includes 
diffusion MRI. MRI sequence parameters were as follows: ax-
ial T2-weighted turbo spin echo with fat suppression, gradient 
echo in phase and in opposed phase with T1 weighting, diffu-
sion-weighted axial images, and contrast-enhanced dynamic 
T1-weighted imaging. DWI was acquired with b values of 0 and 
600 s/mm2 and without a contrast agent. Diffusion-weighted se-
quence parameters were as follows: repetition time/echo time, 
1553/61 mS; flip angle, 90°; slice thickness, 5 mm; field of view, 
400 x 350 x 270 mm. A diffusion-weighted sequence was ob-
tained at two different b values (b=0 and b=600 s/mm²) with sin-
gle-shot echo planar imaging in the axial plane. ADC maps were 
generated automatically by the device.

The final study population was 87 consecutive patients (64 fe-
males, 23 males; age range, 19–80 years; mean age, 47 years). The 
study population was divided into two groups:  younger than 50 
years, and older than or equal to 50 years, in order to evaluate the 
relationship between the ADC values of renal parenchyma and 
aging. There were 52 individuals younger than 50 years, and 35 
individuals  older than or equal to 50 years.

In the ADC measurement, bilateral renal parenchymal margins 
were drawn by free-hand ROI on DWI (b=600 s/ mm²), and ADCmean 
values were recorded from ROIs on the ADC map. Measurements 
were repeated five times for each kidney, and the ADCmean value 

was calculated and recorded individually for the right and left kid-
ney. Figure 1 shows the measured ADC values of renal parenchyma.

Statistical Analysis
As descriptive statistics, numerical variables were expressed as 
the mean±standard deviation, and a confidence interval (CI) of 
95% was used. Categorical variables were expressed as a num-
ber and percentage. Normal distribution of the data was tested 
by the Shapiro–Wilk test. The Pearson correlation coefficient 
was used to evaluate the relationship between the ADC values 
of renal parenchyma and age. The intraclass correlation coeffi-
cient was used to compare the values of the right and left renal 
parenchyma. Gender and ADC relationship was evaluated with 
the Student’s t test. The Student’s t test was used for the com-
parison of ADC values of the group younger than 50 years, and 
older than or equal to 50 years. The Statistical Package for the So-
cial Sciences for Windows version 22.0 (SPSS IBM Corp.; Armonk, 
NY, USA) software package was used for statistical analysis, and 
p<0.05 was considered statistically significant.

RESULTS
The ADCmean value of renal parenchyma was 2.21x10-3 mm2/s and 
2.2x10−3 mm2/s for the right and left kidney, respectively. Mea-
sured ADC values of the right and left renal parenchyma were 
highly consistent (ICC=0.968, CI:[0.952–0.979]). ADC values of re-
nal parenchyma were significantly lower in the group  older than 
or equal to 50 years in comparison to the group younger than 
50 years (p=0.001). There was no significant difference between 
males and females in terms of ADC values of renal parenchyma 
(p=0.161 for the right kidney, p=0.207 for the left kidney). There 
was a strong negative correlation between the ADC values of 
renal parenchyma and age (r=−0.686, p=0.001 for the right kid-

a b

Figure 1. a, b. The measurement of renal parenchyma apparent diffusion coefficient (ADC) values of a 40-year-old male. Axial 
diffusion-weighted image (a) obtained at a b value of 600 s/mm2. The ADC map (b) shows that the ADC mean value of the kidney 
is 2.16x10−3 mm2/s
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ney; and r=−0.759, p=0.001 for the left kidney). This correlation is 
shown in Figures 2 and 3.

DISCUSSION
Diffusion-weighted imaging can be used in diagnosing of kid-
ney diseases as of the prenatal period since it is noninvasive 
and does not require a contrast agent. Including DWI in routine 
abdominal MRI enables the evaluation of morphological and 
functional changes together. High ADC values of cystic lesions 
are useful in differentiating between solid lesions and cystic le-
sions (9). Necrotic and cystic tumor areas also have significant-
ly lower ADC values as compared to simple cysts (5). In a study 
conducted by Razek et al. (10), a significant difference was found 
between the mean ADC values of malignant and benign renal 
tumors. The authors also reported that using 1.84x10−3 mm2/s 

cutoff value to predict malignancy had a sensitivity of 89% and 
specificity of 89%. Diffusion tensor imaging (DTI) is an advanced 
DWI technique and can be used in many regions of body as other 
advanced diffusion techniques (11). A study on DTI of the kidney 
showed that renal fractional anisotropy and renal cortex ADC 
may be useful to differentiate a diabetic kidney from kidneys of 
healthy volunteers (12).

Apparent diffusion coefficient values were found to be effective in 
differentiating between the subtypes of renal cell carcinomas (7, 
10). It is possible to distinguish renal oncocytoma from solid renal 
cell carcinoma RCC using a 1.66 x10−3 mm2/s cutoff value with a 
90% sensitivity and 83% specificity (6). In addition, it was also found 
that DWI was promising in the early diagnosis of renal failure (13).

It can also be a promising method in differentiating diffusion and 
perfusion problems that develop after renal transplantation (14). 
It is important to understand the ADC values of healthy renal pa-
renchyma to compare ADC values obtained from DWI in kidney 
diseases. Therefore, studies have been conducted although the 
majority of them employed a 1.5 Tesla MRI device. However, the 
number of studies on this subject employing the 3T MRI device is 
limited. Hence, it is important to evaluate normal values of renal 
parenchyma with DWI obtained in 3T MRI devices. DWIs in our 
study were obtained using a 3T MRI device.

In previous studies, the ADC values of renal parenchyma were 
reported within a wide range between 1.64 x10−3 mm2/s and 3.54 
x10−3 mm2/s, and these values are usually similar to the values 
found by us as is the case with many of the studies (8, 9, 15-25).

Some of the studies on ADC values of renal parenchyma separat-
ed ADC values as the cortex and medulla, whereas others provid-
ed a mean ADC value for the entire parenchyma like in our study. 
Studies that measured ADC values of the entire parenchyma 
were generally conducted with low b values similar to our study. 
On the other hand, Yildirim et al. (18, 19) and Murtz et al. (24) 
also used high b values such as b1000 s /mm2and b1300s /mm2 
while performing DWI and found 1.90x10−3 mm2/s and 1.64x10−3 
mm2/s, respectively.

Patients are generally asked to hold their breath while perform-
ing DWI to minimize artifacts caused by breathing. In our study, 
we used respiratory-triggered DWI. The images obtained did not 
have any artifacts.

Round-shaped ROIs and rectangular ROIs of various sizes were 
used while conducting ADC measurements in DWI. In our study, 
free-hand ROI was manually drawn on an axial b600 image, and 
the ADCmean values seen in the ROI generated on the ADC map 
were recorded. Therefore, it was intended to include the contribu-
tion of the entire parenchyma within the slice to the measurement 
instead of making measurements in a focal area with small ROIs.

In a study by Suo et al. (26), the mean ADC value of renal parenchy-
ma was found to be 2.23 x10−3 mm2/s, which is very close to the 
mean ADC value found in our study. It is thought that the similarity 
between these values can be attributed to the fact that the b val-

Figure 2. Strong negative correlation between the apparent 
diffusion coefficient values of the right kidney parenchyma 
and age (r=−0.686, p=0.001)

ADC(r)
1.75

80

70

60

50

40

30

20

10

Ag
e

2.00 2.25 2.50 2.75

Figure 3. Strong negative correlation between the ADC values 
of the left kidney parenchyma and age (r=−0.759, p=0.001)
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ues used in DWI were similar. There was a weak negative correlation 
between ADC values and age in the study by Suo et al. (26). In our 
study, there was a strong negative correlation between ADC values 
and age. It was shown that glomerulosclerosis development was 
observed, and the renal blood flow decreased with increasing age.

There was no difference between the ADC values of the two kid-
neys in our study as in other studies. The fact that a difference is not 
normally expected between the ADC values of the two kidneys can 
constitute importance in pathologies involving one kidney such 
that the ADC values of the other kidney can be used as a reference.

It should be noted that the DWI method affects ADC values 
during their evaluation. In our study, a diffusion-weighted se-
quence was obtained at two different b values (b=0 and b=600 
s/mm²) with single-shot echo planar imaging in an axial plane. 
Echo planar imaging is the fastest data collection technique that 
is also used for dynamic and functional MR imaging. In our study, 
the scan duration was 2 minutes and 6 seconds.

The b value is the measure of diffusion weight. Although there 
have been various b values used in other studies, a low b value 
(600 s/mm2) was used in our study, which enabled the reduction 
of motion artifacts and improvement of the signal-to-noise ratio.

This study had some limitations. First, the study was retrospective, 
and it comprised a small population. Second, the number of males 
was considerably lower than that of females, and third, measure-
ments were performed by only one radiologist. Measurements 
were repeated five times, and the mean value of these measure-
ments was used to minimize potential measurement errors.

CONCLUSION
A relationship was not observed between gender and ADC val-
ues of renal parenchyma in this study. In addition, there was no 
significant difference between the right and left kidney. It was 
found that there was a negative correlation between ADC val-
ues and age. Age may also need to be considered in interpreting 
ADC values in renal pathologies. Studies with larger study popu-
lations are required to confirm our findings.
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