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Purpose: To determine if prostatitis and prostate cancer (PCa) can 
be distinguished by using apparent diffusion coefficients 
(ADCs) on magnetic resonance (MR) images, with spec-
imens obtained at MR-guided biopsy as the standard of 
reference.

Materials and 
Methods:

The need for institutional review board approval and in-
formed consent was waived. MR-guided biopsies were 
performed in 130 consecutive patients with cancer-sus-
picious regions (CSRs) on multiparametric MR images 
obtained at 3 T. In this retrospective study, 88 patients 
met the inclusion criteria. During the biopsy procedure, 
an axial diffusion-weighted sequence was performed and 
ADC maps were generated (repetition time msec/echo 
time msec, 2000/67; section thickness, 4 mm; in-plane 
resolution, 1.8 3 1.8 mm; and b values of 0, 100, 500, 
and 800 sec/mm2). Subsequently, a confirmation image 
with the needle left in situ was acquired and projected on 
the ADC map. The corresponding ADCs at the biopsy lo-
cation were compared with the histopathologic outcomes 
of the biopsy specimens. Linear mixed-model regression 
analyses were used to test for ADC differences between 
the histopathologic groups.

Results: The study included 116 biopsy specimens. Median ADCs 
of normal prostate tissue, prostatitis, low-grade PCa 
(Gleason grade components 2 or 3), and high-grade PCa 
(Gleason grade components 4 or 5) were 1.22 3 1023 
mm2/sec (standard deviation, 6 0.21), 1.08 3 1023 mm2/
sec (6 0.18), 0.88 3 1023 mm2/sec (6 0.15), and 0.88 3 
1023 mm2/sec (6 0.13), respectively. Although the median 
ADCs of biopsy specimens with prostatitis were signif-
icantly higher compared with low- and high-grade PCa 
(P , .001), there is a considerable overlap between the 
tissue types.

Conclusion: Diffusion-weighted imaging is a noninvasive technique that 
shows differences between prostatitis and PCa in both the 
peripheral zone and central gland, although its usability in 
clinical practice is limited as a result of significant overlap 
in ADCs.
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least one negative transrectal US biopsy 
session. Inclusion criterion for this study 
was that a DW sequence was performed 
at both the diagnostic MR examination 
and the MR-guided biopsy examination  
(Fig 1). Exclusion criteria for this study 
were patients with suspicion of recur-
rent PCa after therapy (prostatectomy, 
radiation therapy, chemotherapy, cryo-
surgery, or high-intensity focused ultra-
sound therapy), and biopsy specimens 
that could not be categorized within 
the following histopathologic groups: 
normal prostate tissue, prostatitis, low-
grade PCa (Gleason grade components 
2 or 3) and high-grade PCa (Gleason 
grade components 4 or 5). Eighty-eight 
patients met the inclusion criteria and 
were included for further analysis.

Diagnostic MR Imaging

Before the biopsy procedure, a diag-
nostic MR examination was performed 
with a 3-T MR imager (Trio Tim; Sie-
mens, Erlangen, Germany). This mul-
tiparametric detection and localization 
examination consisted of T2-weighted 
imaging, DW imaging, and dynamic 
contrast-enhanced MR imaging (36). 

(12–14), proton MR spectroscopic im-
aging (15–17), and diffusion-weighted 
(DW) MR imaging (18–21), with limited 
success to date.

DW imaging has been shown to aid 
in distinguishing between malignant and 
benign prostate tissue based on rela-
tively lower apparent diffusion coeffi-
cients (ADCs) of cancer tissue (22–35). 
The correlation between the ADC and 
tissue is usually done by using transrec-
tal US-guided biopsy and step-section 
specimens after prostatectomy as a 
standard of reference (31–35). Even us-
ing improved correlation methods (35) 
there is still an uncertainty whether the 
correct tissue is sampled and correlated 
with imaging.

MR-guided biopsy may overcome the 
latter limitations. A confirmation MR 
image can be acquired with the needle 
left in situ. This allows for an accurate 
verification of the biopsy location in the 
cancer-suspicious region (CSR) and cor-
relation with the ADC map. Therefore, 
the purpose of our study was to deter-
mine if prostatitis and PCa can be distin-
guished by using ADCs on MR images, 
with specimens obtained at MR-guided 
biopsy as the standard of reference.

Materials and Methods

Patients

Institutional review board approval was 
not required, and the need for informed 
consent was waived.

Between October 2008 and March 
2010, 130 consecutive patients under-
went MR-guided prostate biopsy of CSRs 
seen on previous diagnostic 3-T MR 
prostate images and were eligible for 
inclusion this retrospective study. MR-
guided biopsy was performed in male 
patients with (a) an elevated PSA level 
(.4 ng/mL), (b) family history of PCa, 
(c) suspicion for PCa based on diagnostic 
MR examination of the pelvis, and (d) at 

Urologists often face the dilemma of 
treating a patient in whom there 
is a high suspicion for prostate 

cancer (PCa) based on an elevated pros-
tate-specific antigen (PSA) level (1–3). 
Benign prostatic hyperplasia can also 
lead to elevated PSA levels and is not al-
ways associated with clinical symptoms. 
Therefore, differentiation between PCa 
and benign prostatic hyperplasia in the 
central gland (CG) is a major challenge 
for the urologist and also for the radi-
ologist. Prostatitis is normally a diffuse 
disease, whereas benign prostatic hy-
perplasia and tumor normally present 
as focal disease. Prostatitis can be a 
cause of an elevated PSA level; however, 
this is clinically a difficult diagnosis. As 
a consequence, prostatitis patients will 
undergo transrectal ultrasonography 
(US)–guided biopsy sessions. Moreover, 
PCa can still be present in patients with 
biopsy-proved prostatitis. This illustrates 
the need for a noninvasive diagnostic 
test that can be used to differentiate be-
tween PCa and prostatitis (4).

Magnetic resonance (MR) imaging 
of the prostate is the imaging modality 
of choice in PCa detection, localization, 
and staging (5–8). The diagnostic value 
of anatomic T2-weighted MR imaging in 
discriminating PCa from benign prostate 
tissue is limited. The interpretation of 
these images can be affected by false-
positive findings such as prostatitis, post-
biopsy hemorrhage, and fibrosis (9–11). 
To improve the diagnostic accuracy of 
prostate MR imaging, functional imaging 
techniques have been applied, such as 
dynamic contrast-enhanced MR imaging 

Implication for Patient Care

 n The median ADCs for prostatitis 
and prostate cancer differed in 
our study cohort; however, sub-
stantial overlap exists.

Advances in Knowledge

 n The median apparent diffusion 
coefficient (ADC) of prostatitis 
(1.08 3 1023 mm2/sec [standard 
deviation, 6 0.18]) differed from 
prostate cancer for both periph-
eral zone and central gland (0.88 
3 1023 mm2/sec [standard devia-
tion, 6 0.13 and 0.15]); how-
ever, substantial overlap exists.

 n Diffusion-weighted imaging may 
help reduce the number of false-
positive findings at prostate 
cancer MR imaging.
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Before contrast material injection, the 
same transverse three-dimensional T1-
weighted gradient-echo sequence (with 
the exception of repetition time msec/
echo time msec, 800/1.6, and flip angle 
of 8°) was used to obtain proton-density 
images, with identical positioning to al-
low calculation of the relative gadolinium 
chelate concentration curves.

Diagnostic MR Image Interpretation

The diagnostic MR images were ana-
lyzed with an in-house developed analyt-
ical software workstation that calculated 
the dynamic contrast-enhanced MR im-
aging parameters and projected these 
parameters as color overlay maps over 
the T2-weighted images (37,38). Images 
of all patients were read by two radiolo-
gists in consensus with 15 years (J.O.B.) 
and 7 years (J.J.F.) of experience in 
prostate MR imaging. The high-spatial-
resolution, axial T2-weighted images 
were used as basis for evaluation of the 
prostate, and all other functional imag-
ing modalities were interpreted in rela-
tion to these. On T2-weighted images, 
the generally known PCa detection crite-
ria were used to determine CSRs. These 

Peristalsis was suppressed with an in-
tramuscular administration of 20 mg 
butylscopolaminebromide (Buscopan; 
Boehringer-Ingelheim, Ingelheim, Ger-
many) and 1 mg of glucagon (Glucagen; 
Nordisk, Gentofte, Denmark).

The imaging protocol included the 
following sequences (Table 1): First, a 
T2-weighted turbo spin-echo sequence 
was performed in three planes. Sec-
ond, a single-shot echo-planar imaging 
sequence with diffusion modules and fat 
suppression pulses was performed. The 
imager software automatically calculated 
ADC maps. Third, three-dimensional T1-
weighted spoiled gradient-echo images 
were acquired during an intravenous bo-
lus injection of a paramagnetic gadolini-
um chelate, 0.1 mmol of gadopentetate 
dimeglumine (Dotarem; Guerbet, Paris, 
France) per kilogram of body weight, 
which was administered with a power 
injector (Spectris Medrad, Warrendale) 
at 2.5 mL/sec and followed by a 15-
mL saline flush. With this sequence, a 
three-dimensional volume covering the 
entire prostate was acquired every 2.5 
seconds during 210 seconds, with the 
same positioning angle and center as 
the transverse T2-weighted sequence. 

Figure 1

Figure 1: Study flow diagram. MRGB = MR-
guided prostate biopsy; PIN = prostatic intraepithe-
lial neoplasia.

Table 1

Imaging Parameters

Imaging Protocol Sequence
Repetition  
Time (msec)

Echo  
Time (msec)

Flip  
Angle (degrees) Voxel Size (mm3) b Values (sec/mm2)

Temporal 
Resolution (sec)

Diagnostic MR  
 imaging session

 T2 weighted Axial turbo spin-echo 3620 116 180 0.4 3 0.4 3 3.0 NA NA
 DW Single-shot echo-planar with  

  diffusion modules and fat  
suppression pulses

2500 91 1.5 3 1.5 3 3.0 0, 50, 500, and 800 NA

 DCE 3D T1-weighted spoiled  
 gradient echo

34 1.6 14 1.5 3 1.5 3 4.0 NA 2.5

 Proton density 3D T1-weighted spoiled  
 gradient echo

800 1.6 8 1.5 3 1.5 3 4.0 NA NA

MR-guided biopsy  
 session

 True FISP True FISP 4.48 2.24 70 1.1 3 1.1 3 3.0 NA NA
 DW Single-shot echo-planar with  

  diffusion modules and fat  
suppression pulses

2000 67 1.8 3 1.8 3 4.0 0, 100, 500, and 800

 T2 weighted Axial turbo spin-echo 3620 104 120 0.8 3 0.8 3 .0 NA NA

Note.—DCE = dynamic contrast enhanced, NA = not applicable, 3D = three dimensional.
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MR Image Correlation
During the biopsy session, at least one 
biopsy specimen was obtained from each 
CSR. The biopsy specimen that was lo-
cated in the most diffusion-restricted 
area of each CSR was selected for image 
analysis. This was performed by using 
the true-FISP confirmation image and 
the corresponding ADC map obtained 
during the biopsy session. Some patients 
had multiple CSRs. The CSRs of all pa-
tients were analyzed without knowledge 
of the histopathologic outcomes. MR 
images of the biopsy specimens were 
analyzed with an in-house developed an-
alytical software workstation (37). The 
calculated ADC maps were projected on 
the postbiopsy T2-weighted true-FISP 
images (confirmation image with the 
needle left in situ) to determine the bi-
opsy location. By using this location, a 
region of interest was drawn manually 
with the size and extent of the most diffu-
sion-restricted region on the ADC map, 
representing the biopsied CSR (Fig 3).  
In case of the absence of restricted dif-
fusion on the ADC maps, a low-signal-
intensity area on T2-weighted images 
was used to draw the region of interest. 
All regions of interest were annotated 
in consensus by two radiologists (T.H., 

diffusion in three directions was mea-
sured by using four b values. Finally, 
the imager software calculated ADC 
maps automatically (Fig 2).

After identification of the CSRs, 
adjustments were applied to the biopsy 
device to move the needle sleeve ex-
actly toward a CSR (41,42). To control 
needle sleeve direction, T2-weighted 
true fast imaging with steady preces-
sion (FISP) images were acquired in 
the axial and sagittal direction. Biopsy 
was performed in all determined CSRs 
on the diagnostic MR images, even if 
they were not visible on the T2-weight-
ed anatomic MR images obtained at 
the time of biopsy. In these cases, the 
DW MR images were used to move the 
needle sleeve toward the CSR.

After fixation of the needle sleeve 
in the correct position, one or more 
tissue samples were taken at the re-
gion with lowest ADCs in each CSR 
with an 18-gauge, fully automatic, core 
needle, double-shot biopsy gun (Invi-
vo) with a needle length of 150 or 175 
mm and tissue sampling core length of 
17 mm. After obtaining a biopsy spec-
imen, fast T2-weighted axial and sag-
ittal true-FISP images were obtained 
with the needle left in situ.

included low-signal-intensity areas 
in the peripheral zone (PZ) and/or a 
homogeneous low T2 signal intensity 
area with ill-defined margins or a len-
ticular shape within the CG (39). After 
identification of CSRs on T2-weighted 
images, the ADC maps and multipara-
metric dynamic contrast-enhanced MR 
imaging color maps transfer constant 
(Ktrans), extravascular extracellular 
volume (ve), rate constant (Kep), and 
washout were analyzed in a color over-
lay mode on the T2-weighted images. 
The generally known features of PCa 
on dynamic contrast-enhanced MR im-
ages (13,40) (high ve, K

trans, Kep, and 
negative washout) and areas of restric-
tion on ADC maps (especially in the PZ 
and CG) were used to identify CSRs 
qualitatively (38). Additionally, after 
the functional data from DW and dy-
namic contrast-enhanced MR imaging 
were evaluated in relation to the CSR 
findings on the T2-weigthed images, the 
DW and dynamic contrast-enhanced 
MR images were viewed separately and 
in combination to determine additional 
CSRs not evident on T2-weighted im-
ages. Finally, the information from all 
the imaging modalities were combined 
and used to determine the CSRs within 
the PZ and CG of the prostate (38).

MR-guided Biopsy Protocol

In a second session, prostate biopsies 
were performed in the same MR im-
ager with a dedicated MR-compati-
ble biopsy device (Invivo, Schwerin, 
Germany) (38,41–43). As previously 
described, the patient was placed in 
a prone position and the rectally in-
serted needle sleeve was attached to 
the arm of the MR-compatible biopsy 
device. A pelvic phased-array coil was 
used for signal reception (36,38).

Identification of the CSR, deter-
mined during the initial MR exam-
ination, was achieved by using the 
following MR sequences (Table 1): 
First, an axial T2-weighted turbo spin-
echo sequence was performed. Sec-
ond, an axial DW sequence was per-
formed with a single-shot echo-planar 
imaging sequence with diffusion mod-
ules and fat suppression pulses. Water 

Figure 2

Figure 2: ADC maps calculated from a single-shot echo-planar DW image in three orthogonal diffusion 
gradients (2000/67; b = 0, 100, 500, and 800 sec/mm2) in the axial plane in two men with a CSR in the CG. 
A, Image in a 72-year-old man (PSA = 22.1 ng/mL) shows a CSR (red circle) with a median ADC of 0.97 3 
1023 mm2/sec. Histopathologic examination of the corresponding biopsy specimens revealed prostatitis. B, 
Image in a 65-year-old man (PSA = 30.0 ng/mL) shows a suspicious region (red circle) with a median ADC 
of 0.83 3 1023 mm2/sec. Histopathologic examination of this biopsy specimen revealed low-grade PCa 
(Gleason grade 3 + 3).
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a P value of less than .05. All analyses 
were performed with statistical software 
(SPSS, version 18.0.0; SPSS, Chicago, 
Ill).

Results

In our study, 88 of the 130 consecutive 
patients with CSRs on diagnostic MR 
images met the inclusion criteria and 
were included in our study (Table 2). 
These patients had one (n = 62), two 
(n = 24) or three CSRs (n = 2). A to-
tal of 136 MR-guided prostate biopsy 
specimens were obtained. Twenty bi-
opsy specimens could not be catego-
rized within the defined histopathologic 
groups (Table 2) and were excluded 
from further analysis. Consequently, 
116 biopsy specimens were included 
and divided in four histopathologic clas-
sified groups: normal prostate tissue 
(32), prostatitis (42), low-grade PCa 
(25), and high-grade PCa (17). The 42 
cancer-positive biopsy specimens were 
obtained from 39 patients. Patient and 

were graded according to the 2005 ISUP 
Modified Gleason Grading System (44).

Statistical Analysis

A Mann-Whitney U test was performed 
to determine how ADC operates as a 
discriminatory test between prostatitis 
and CSRs. We have studied data sum-
maries by region in addition to histo-
pathologic grouping. The analyses were 
conducted by using linear mixed-effects 
regression models without autoregres-
sive time-component, because in some 
patient multiple regions of interest were 
drawn. The significance level was set at 

J.J.F.). Of each region of interest, the 
median and standard deviation of the 
ADC values were calculated (median 
size, 51; range 8–335 voxels). Multiple 
regions of interest were obtained in case 
a patient had multiple CSRs.

Histopathologic Evaluation
Biopsy specimens were processed by 
means of a routine fixation in formal- 
dehyde, embedded in paraffin, and 
stained with hematoxylin-eosin before 
being evaluated by a pathologist for the 
presence of PCa or other benign patho-
logic lesions. Biopsy specimens with PCa 

Figure 3

Figure 3: Images obtained in a 66-year-old man (PSA = 21.6 ng/mL) with a CSR in the PZ. Biopsy 
revealed a Gleason grade 3 + 3 PCa. A, The CSR (red circle) at prebiopsy MR imaging is visible on the ADC 
map, calculated from an axial single-shot echo-planar DW image by using three orthogonal diffusion gradi-
ents (2000/67; b = 0, 100, 500, and 800 sec/mm2). B, Control T2-weighted true-FISP image (4.48/2.24) 
obtained during biopsy in axial and sagittal plane shows the position of the biopsy needle (dashed blue line) 
with a sampling core length of 17 mm (green line). C, After projection of the ADC map on the true-FISP 
image, D, a region of interest was drawn manually with the size and extent of the restricted diffusion region 
on the ADC map.

Table 2

Biopsy Findings Excluded from 
Analysis

Reason for Exclusion No. Excluded

Excluded patients 42
 Prostate treatment  

  (prostatectomy, radiation  
  therapy, chemotherapy,  
  cryosurgery, or HIFU  
  therapy)

32

 Deviating biopsy specimens 10
  Atrophic tissue 4
  Atypical adenomatous  

   hyperplasia
1

  High-grade PIN 3
  Nonprostate tissue 2
Excluded biopsy specimens  

  of included patients
20

 Atrophic tissue 3
 Atypical adenomatous  

  hyperplasia
4

 High-grade PIN 4
 Nonprostate tissue 9

Note.—Data are numbers of patients excluded or 
numbers of biopsy specimens excluded (among 
included patients). HIFU = high-intensity focused 
ultrasound, PIN = prostate intraepithelial neoplasia.
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groups with low-grade and high-grade 
PCa was not significant (P = .76).

Also, differences in mean ADCs 
between the three classified groups 
were analyzed for the PZ and CG. A 
total of 69 and 47 biopsy specimens 
were obtained from the PZ and CG, 
respectively. Median ADCs of the clas-
sified groups and regions are shown 
in Table 4. The linear mixed-model 
analyses showed a significant differ-
ence between the mean ADCs of the 
biopsy specimens with normal pros-
tate tissue and prostatitis in the PZ (P 
= .012). This statistical analysis was 
not performed for the CG, because 
the number of biopsy specimens with 
normal prostate tissue in the CG was 
too low (n = 9). In both PZ and CG, 
however, significant differences in 

corresponding CSRs on the biopsy MR 
images were found in 5% (six of 116) of 
the biopsy specimens.

Biopsy specimens with normal 
prostate tissue, prostatitis, low-grade 
PCa, and high-grade PCa had a mean 
ADC of 1.22 3 1023 mm2/sec 6 0.21 
(standard deviation), 1.08 3 1023 mm2/
sec 6 0.18, 0.88 3 1023 mm2/sec 6 
0.15, and 0.88 3 1023 mm2/sec 6 0.13, 
respectively (Fig 4, Table 4). The linear 
mixed-model analyses revealed signifi-
cant differences between mean ADCs of 
the groups with normal prostate tissue 
and prostatitis (P = .002), the groups 
with prostatitis and low-grade PCa (P 
, .001), and the groups with prostatitis 
and high-grade PCa (P , .001). The dif-
ference between the mean ADCs of the 

biopsy characteristics of these groups 
are shown in Table 3. In six cases, the 
determined CSRs on the initial diag-
nostic MR images were not visible 
on the MR images obtained at biopsy 
(hereafter, the “biopsy MR images”). 
Although not visible, the suspected 
area was biopsied. Furthermore, no 
new CSRs were seen on the biopsy 
MR images. Therefore, the numbers 
of CSRs on the diagnostic and biopsy 
MR images were equal. During the im-
age analysis, 12 CSRs showed a low-
signal-intensity area on T2-weigthed 
images and no restricted diffusion on 
the ADC maps, and 15 CSRs had an 
area of restricted diffusion without 
abnormality on the T2-weighted im-
ages. Discrepancies between the CSRs 
on the diagnostic MR images and the 

Table 3

Patient and Biopsy Characteristics

Characteristic All Patients Normal Tissue Prostatitis Low-grade PCa High-grade PCa Excluded Tissue

No. of included patients 88
No. of included biopsy specimens 116 32 42 25 17
No. of excluded biopsy specimens 20 20
Median no. of previous negative transrectal  

 US-guided biopsy sessions
2 (0–6) 2 (0–6) 2 (1–5) 2 (0–5) 3 (1–4)

Mean age (y) 63 (44–76) 62 (52–76) 63 (50–73) 63 (44–72) 67 (56–73)
Median PSA (ng/mL) 11.0 (0.1–58.0) 11.1 (0.8–36.0) 10.9 (0.1–30.2) 10.0 (1.2–51.0) 15.0 (18.0–51.0)
Median prostate volume (mL) 49 (18–263) 79 (20–108) 55 (30–263) 40 (18–107) 42 (25–98)
Median time between MR-guided biopsy and  

 initial diagnostic MR examination (wk)
8.9 (0.0–31.7) 8.7 (2.3–21.0) 8.7 (0.0–31.7) 10.0 (2.1–31.4) 8.3 (3.1–16.4)

Location of CSRs
 PZ 69 23 27 14 5
 CG 47 9 15 11 12
No. of excluded biopsy specimens among  

 the included patients
 Atrophic tissue 3
 Atypical adenomatous hyperplasia 4
 High-grade PIN 4
 Nonprostate tissue 9
Low-grade PCa Gleason score
2 + 3 2
3 + 2 1
3 + 3 22
High-grade PCa Gleason score
 3 + 4 12
 3 + 5 1
 4 + 3 3
 4 + 5 1

Note.—Data are numbers of patients or biopsy specimens, and numbers in parentheses are the range. PIN = prostate intraepithelial neoplasia.
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there was a high degree of overlap. It 
is questionable whether differences in 
mean ADCs of 0.14 3 1023 mm2/sec 
between the groups with PCa and pros-
tatitis, although statistically significant, 
are also clinically useful. The overlap 
of ADCs between these two histopath-
ologic groups hinders a reliable differ-
entiation between prostatitis and PCa in 
routine clinical practice. Nevertheless, 
a CSR with a mean ADC of less than 
0.75 3 1023 mm2/sec appears suspicious 
for PCa (see Fig 4) and a biopsy pro-
cedure might be recommended. Future 
studies will be needed that focus on the 
combined approach of functional imag-
ing techniques to reduce the diagnostic 
overlap between prostatitis and PCa.

In recent years, several studies have 
demonstrated significant differences be-
tween the ADCs of malignant and be-
nign prostate tissue by using transrectal 
US–guided biopsy (22–27) or step-sec-
tion specimens after prostatectomy as 
reference standard (31–34). In these 
previously described studies, mean 
ADCs for malignant and benign pros-
tate tissue varied over a relatively broad 
range from 0.93 3 1023 mm2/sec to 1.38 
3 1023 mm2/sec and from 1.34 3 1023 
mm2/sec to 1.96 3 1023 mm2/sec, re-
spectively. However, in our study, mean 
ADCs were lower for both malignant 
(range, 0.78 to 0.90 3 1023 mm2/sec) 
and benign (range, 0.99 to 1.13 3 1023 
mm2/sec) biopsy specimens. This may 
be explained by the fact that the biopsy 
specimens with normal prostate tissue 
were CSRs based on multiparametric 
MR imaging. The regions of interest of 

numbers in the group with high-grade 
PCa in the CG was too low (n = 5) to 
use for statistical analyses.

Discussion

In our study cohort, we found differ-
ences between mean ADCs of biopsy 
specimens with prostatitis and low- and 
high-grade PCa (P , .001), even though 

mean ADCs were found between the 
groups with prostatitis and low-grade 
PCa (PZ: P = .01, CG: P , .001). Fur-
thermore, a significant difference was 
revealed between the groups with pros-
tatitis and high-grade PCa in the PZ (P 
= .016). The difference between the 
mean ADCs of the groups with low-
grade PCa and high-grade PCa in PZ 
was not significant (P = .84). Again, the 

Figure 4

Figure 4: Box-and-whisker plots for the DW imaging of the suspicious areas according to 
histologic diagnosis of normal prostate, prostatitis, and low- and high-grade PCa in the PZ, CG, 
and combined PZ and CG. Center horizontal line = median, bottom and top edges of box = 
25th and 75th percentiles, vertical line = range of data.

Table 4

Mean ADCs of the Histopathologic Groups

Group

PZ CG

Mean ADC 6 Standard Deviation* No. of Specimens Mean ADC 6 Standard Deviation* No. of Specimens

Normal tissue 1.28 6 0.22† 23 1.03 6 0.15‡ 9
Prostatitis 1.13 6 0.20 27 1.02 6 0.13 15
Low-grade PCa 0.94 6 0.13† 14 0.78 6 0.15† 11
High-grade PCa 0.90 6 0.13‡ 5 0.86 6 0.13† 12

* Unit of measure is 3 1023 mm2/sec.
† Mean in this histopathologic group is significantly different from that of the reference group, prostatitis (P , .05).
‡ Number of biopsy specimens of this group is too low for reliable statistical analysis.
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anatomic landmarks such as cysts, cal-
cifications, and femoral head and pelvic 
bones around the prostate. Advanced 
registration software using anatomic 
landmarks may help to overcome these 
discrepancies (46).

Second, the spatial resolution of DW 
imaging was limited (1.8 3 1.8 mm). 
This may result in missing CSRs with 
a diameter smaller than approximately 
4–5 mm. Conversely, the diameter of an 
18-gauge biopsy needle, and the corre-
sponding biopsy specimen, was approx-
imately 1.0 mm. However, this titanium 
needle causes image artifacts on post-
biopsy true-FISP images with a diame-
ter of approximately 6 mm. Even if the 
spatial resolution of DW imaging can 
be improved in future, the accuracy of 
the determination of the position of the 
biopsy needle will likely remain limited 
due to these needle artifacts. In the fu-
ture these may be overcome by using 
novel material for needle manufacture.

In biopsy specimens obtained in 
patients with PCa, the entire specimen 
may not contain PCa. In our study, we 
did not include tumor biopsy volumetry. 
Because the histopathologic reports did 
not describe the localization of the can-
cerous components in the biopsy spec-
imen, we have disregarded the volume 
percentage. However, this limitation 
could have influenced the accuracy of 
the measurements. The change in the 
diagnostic MR imaging protocol during 
the study period and the differences be-
tween the diagnostic and biopsy proto-
col may have influenced lesion detection.

In conclusion, DW imaging is a non-
invasive technique that demonstrates a 
difference in mean ADC between prosta-
titis and PCa by using MR-guided biopsy 
specimens as standard of reference, al-
though its usability in clinical practice is 
limited due to a high degree of overlap.
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