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Abstract
Objective To compare computed high b-value diffusion-weighted images (c-DWI) derived from low b-value DWI images and
acquired high b-value DWI (a-DWI), in overall image quality and prostate cancer detection rate.
Materials and methods A total of 124 consecutive men with suspected prostate cancer (PCa) underwent diagnosis prostate MRI
on a 3.0 T MR system using a 32-channel phased-array torso coil. Among them, 63 underwent prostate biopsy. MRI protocol
included 3DT2w images, high resolution Fov Optimized and Constrained Undistorted Single-Shot (FOCUS™) DWI images
with b-values of 100, 400, 800, and 2000 s/mm2 and dynamic contrast enhanced images. C-DWI images (2000 and 2500 s/mm2)
were derived from the three lower acquired b-value DWI images using a mono-exponential diffusion decay. C-DWI and acquired
high b-value DWI (a-DWI) (2000 s/mm2) were compared for image quality (background signal suppression, anatomic clarity,
ghosting, distortion) and tumor conspicuity by four radiologists.
Results C-DWIs demonstrated higher rating than a-DWIs for overall image quality despite worsened ghosting. In patients with a
biopsy, similar detection rate was observedwhile conspicuity was better with c-DWI (p < 0.001). Non-acquisition of high b-value
a-DWI reduced total acquisition time by 220 s per patient.
Conclusion C-DWI provides a substantial reduction in acquisition time while maintaining comparable prostate cancer detection
rate and improving global image quality.
Key Points
• Computed DWI improves global quality of prostate MRI.
• Computed DWI improves analysis of DWI images with decrease acquisition time.
• Computed DWI provides greater background suppression of parenchyma and improves conspicuity of suspicious lesion.
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Abbreviations
a-b2000 Acquired b 2000 images
a-DWI Acquired diffusion-weighted images
ADC Apparent diffusion coefficient
AUC Area under the receiver operating curves
c-b2000 Computed b 2000 images
c-b2500 Computed b 2500 images
c-DWI Computed diffusion-weighted images
DCE Dynamic contrast-enhanced
DRE Digital rectal examination
DWI Diffusion-weighted imaging
IQR Interquartile range
mp-MRI Multiparametric magnetic-resonance imaging
NA Non-applicable
PB Prostate biopsy
PCa Prostate cancer
PSA Prostate serum antigen
PZ Peripheral zone
ROI Region of interest
SB Standard biopsy
SNR Signal-to-noise ratio (SNR)
T2W T2-weighted
TB Targeted biopsy
TRUS Transrectal ultrasonographic
TZ Transitional zone
US Ultrasound

Introduction

Diffusion-weighted imaging (DWI) is a major component of
MRI of the prostate, improving detection and characterization
of prostate cancer (PCa) [1]. DWI is the essential sequence for
assessment of the peripheral zone (PZ) in the PIRADS V2
score [2]. Because the highest proportion of prostate carcino-
ma arises within the PZ, satisfactory quality of DWI is man-
datory. There is an on-going debate determining which b-
values are appropriate for prostate DWI. Numerous studies
reported the advantage of a b-value of 2000 s/mm2 compared
to a b-value of 1000 s/mm2 [3–5], even though the ability at b
2000 to discriminate malignant from benign tissue in the PZ is
limited due to a significant overlap of apparent diffusion co-
efficient (ADC) values [6]. However, depending upon the
gradient performance, coil design, and software platform,
DWI with b-values greater than 1000 s/mm2 may otherwise
be prohibitive in clinical practice because of longer acquisition
time. Moreover, high b-value DWI suffers from poor quality
due to poor signal-to-noise ratio (SNR) and geometric distor-
tion. Computed DWI (c-DWI) is a calculation of a high b-
value image from DWI images acquired with at least two
different lower b-values [7]. In this way, disadvantages asso-
ciated with direct high b-value measurements such as poor
SNR and image distortion may be avoided. Computed DWI

images require no additional acquisition time, and are gener-
ated automatically by the MR software at the time of image
acquisition. It has been recently reported that high b-value c-
DWI of the prostate could increase lesion conspicuity and
image quality [3, 8–11]. With the widespread use of high filed
3 T without endorectal coil, rectal preparation and prostate
volume may impact quality of diffusion imaging, and few
studies had evaluated their impact on the quality of each dif-
fusion approach [12].

Moreover, it is still unclear, whether high b-value c-DWI is
clinically equivalent to high b-value a-DWI for detection of
prostate cancer.

Our hypothesis is that c-DWI would make it possible to
avoid the acquisition of a high-value of b and without any loss
of information on tumor detection.

The aim of this study was to compare a-DWI (2000 s/mm2)
with different computed c-DWI (c-b2000, c-b2500) generated
from a-DWI obtained with b-100, 400, and 800 s/mm2 using a
mono-exponential diffusion decay. Qualitative and quantita-
tive image quality was evaluated as well as tumor detection
and conspicuity in a multi-reader analysis using a 3 T MRI
system without endo-rectal coil.

Material and methods

Study population

Our institutional radiology database was retrospectively que-
ried to identify consecutive patients who underwent prostate
MRI at our institution over a period of 8 weeks from January
1, 2017, to March 1, 2017. All the included patients had to
fulfill the inclusion criterion for clinical indication of MRI of
the prostate for suspicion of PCa (elevated PSA, DRE +, ge-
netic susceptibility). Exclusion criteria included severe arti-
facts on DWI due to hip prosthesis, missing sequences in the
protocol, or previous treatment for prostate cancer. Initially,
166 consecutive patients were included. Of these 166 patients,
42 patients were excluded (severe artifacts on DWI due to hip
prosthesis n = 5, missing sequences in the protocol, n = 28, or
previous treatment for prostate cancer, n = 9). The final study
was based on 124 patients. Among those patients, 62 patients
underwent prostate biopsy (PB). Mean age of the patients was
65.9 ± 9.4 years with a PSA level of 6.6 [5–8.95] ng/mL. This
retrospective study was IRB approved. Written informed con-
sent was waived. All MRI exams were prospectively analyzed
by one radiologist with 15 years of experience in PCa using
the PI-RADS V2 score.

Patients with PI-RADS score ≥ 3, suspicious DRE, genetic
susceptibility underwent prostate biopsy.

When no lesion was described on MRI, 12 cores were
obtained. When a focal lesion, defined with a PI-RADS
score ≥ 3, was described, two additional targeted biopsies
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were obtained using an MRI TRUS fusion system (Koelis).
One senior pathologist with 10 years of experience in prostate
pathology analyzed all the biopsies samples according to the
2014 International Society of Urological Pathology (ISUP)
[13], and his rating was considered as the gold standard for
sensitivity and specificity analysis.

MR technique

All MRI exams were performed using a 3 T clinical system
(SIGNA™ Architect, GE Healthcare) using a 32-channel
phased-array torso coil. Patients were advised to perform bow-
el preparation before the exam and to empty their bladder;
1 mg glucagon was administered intra muscularly to reduce
peristaltic motion.

MRI protocol included 3DT2w images, high resolution
Fov Optimized and Constrained Undistorted Single-Shot
(FOCUSTM) DWI images with b-values of 100, 400, 800
(234 s), and 2000 s/mm2 (additional 260 s). C-DWI images
(2000 and 2500 s/mm2) were then computed using GE soft-
ware, derived from the three lower acquired b-value DWI
images using a mono-exponential diffusion decay
(additional table). Dynamic contrast-enhanced imaging of
the prostate images after injection of 0.2 mL/kg of gadoterate
meglumine (Dotarem, Guerbet), and delayed post-contrast fat-
suppressed T1-weighted imaging of the pelvic were also per-
formed for all examinations, although these were not evaluat-
ed for the purpose of this study.

Image analysis

A training meeting with the readers was organized before the
start of the study, in order to reach agreement on each item’s
definition and values to be assigned. During this meeting, 10
prostate MRI exams, which are not included in the current
study, were reviewed.

Then four radiologists E1, E2, J1, and J2 with respectively
3-, 2-, 1-, and 1-year experience in prostate MRI, blinded to
clinical and pathologic information independently evaluated
for each patient: the ADCmap, the acquired b2000 images (a-
2000), and the two computed DWI image sets (c-2000, c-
2500) with a sequential reading. Each DW image sets were
reviewed simultaneously with the axial T2-weighted images
to guide anatomical location of findings on DW images.
Abnormalities identified only on T2-weighted imaging were
not recorded.

Image quality

For each DW images, the readers independently rated subjec-
tive image quality using a 5-point Likert scale for the follow-
ing items: background signal suppression (5 =maximal signal
suppression), anatomic clarity defined by zonal anatomical

delineation (5 = excellent clarity), visualization of the prostatic
capsule (5 = excellent visualization), and visualization of the
peripheral-transition zone (TZ) boundary (5 = excellent visu-
alization), absence of distortion (5 = no distortion), ghosting
(5 = no ghosting), and overall image quality (5 = maximal
quality). Quality of rectal preparation was also evaluated
(5 = no distension).

Tumor detection

A suspicious lesion was defined as a focal increase in signal
intensity within the PZ on DWI images or decreased voxel
values on the ADC map, or a lenticular, homogeneous, mod-
erately hypo-intense focal lesion on T2W in the TZ. When
multiple lesions were identified, the reader was instructed to
select only one lesion, defined as the index lesion, based on
lesion’s size, focality, and degree of signal alteration. For each
detected lesion, lesion conspicuity onDWI and ADCmapwas
assessed using a 5-point Likert scale based on signal intensity
compared with the surrounding normal prostate tissue (5 =
excellent conspicuity).

Quantitative measurements

SNR measurements

After the qualitative analysis, one of the four radiologists drew
an ROI within an identified focal area of increased signal. A
similar-sized ROI was also placed in an area of normal-
appearing PZ without increased signal. The mean image in-
tensity values of all ROIs were recorded. Tumor-to-PZ con-
trast was then calculated as (SItumor − SIPZ)/(SItumor +
SIPZ), giving a value between 0 and 1 and that is greater in
the setting of higher relative contrast [14, 15].

Geometric distortion

In order to study the impact of the prostate volume on image
quality and artifacts according to each sequence and lesions
detection, prostate volume was measured on T2W images by
assuming an elliptical shape.

Diameters of the prostate on DWIs and on T2W images
from left to right and from anterior to posterior at the level of
the Veru Montanum were measured by one of the senior read-
er. A significant geometric distortion was defined if differ-
ences between DWIs and the TSE-T2W diameters were supe-
rior to 0.5 mm

Statistical analysis

All statistical analyses were undertaken using R 3.4.3 software
(https://cran.r-project.org/). Statistical tests were two-sided
and used a significance level of 0.05. Results are reported as
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mean ± sd or median [Q1–Q3]. Characteristics of patients
were described globally. Inter-observer agreement was evalu-
ated computing intraclass correlation coefficient (ICC). The
effect of sequence (acquired b2000, c-b2000, and c-b2500),
adjusted on prostate volume and quality of rectal preparation,
was assessed using linear mixed models to take into account
the correlated nature of the data.

For quantitative image parameters study, a random inter-
cept on the patient was introduced in the model. Both random
intercept on the patient and on the reader were used for sub-
jective image quality and conspicuity assessment. Pairwise
comparisons of the sequences were subsequently computed
through Tukey’s HSD multiple comparison tests.

On the subgroup of patients undergoing a biopsy, detection
of tumors was described by sequence, for each of the four
radiologists. Sensitivity and specificity were calculated, with
its 95% confidence interval computed by bootstrap using
10,000 iterations. Sensitivity was also computed on the sub-
group of patients with clinically significant lesion (defined as
Gleason score > 6).

Results

Subjective image quality (Table 1)

Considering all readers, c-b2000 and b2500 images had signif-
icant higher overall quality (p < 0.001), better background sig-
nal suppression (p < 0.001), better anatomic clarity (p < 0.001),
and less distortion (p < 0.001), compared with a-b2000 DWI
images. These conclusions remain unchanged when focusing
only on more experienced readers. Increased ghosting was seen
with c-b2000 and b2500 when considering all readers, whereas
no difference of ghosting was found for experienced readers

(β(sd) = 0.01(0.02) for both computed DWIs, p = 0.9).
Compared with c-b2000, c-b2500 had significantly better back-
ground signal suppression but increased ghosting (TukeyHSD
p < 0.001 and p = 0.002 respectively), and non-significant dif-
ferences for others subjective image quality items (TukeyHSD
p = 0.17 for anatomic clarity, p = 0.96 for distortion, p = 0.15
for overall image quality). A prostate volume ≥ 50 cm3 and a
rectal quality score ≥ 4 were shown to increase significantly the
overall quality assessment (p = 0.018 and p < 0.001 respective-
ly) and improve distortion artifact assessment (p = 0.007 and
p < 0.001 respectively).

Tumor detection (Table 2)

Among the 124 patients, 63 (50.8%) patients underwent MRI
TRUS fusion biopsy after the MRI exam.

Forty-four patients (69.8%) had confirmed PCa at histopa-
thology. The Gleason score distribution of the index lesions of
the 44 patients was as follow 3 + 3 (n = 19), 3 + 4 (n = 12), 4 + 3
(n = 4), 4 + 4 (n = 5), 4 + 5 (n = 2), 5 + 4 (n = 1), 5 + 5 (1).
Twenty-five patients had a clinically significant lesion, all de-
tected prospectively (RRP) and were classified with PI-RADS
> 3 (7 PIRADS 4, and 18 PIRADS 5). Similar values of sensi-
tivity and specificity across readers were found regardless of the
sequence. When focusing on Gleason 3 + 4 or greater, sensitiv-
ity across readers was also similar.

Tumor conspicuity (Tables 3 and 4)

Conspicuity was evaluated on the subgroup of patients
who underwent a biopsy, when the reader had visual-
ized a lesion. Compared with a-b2000 images, there was
significantly greater conspicuity of the index lesions for
both c-b2000 and c-b2500 images (p < 0.001). No

Table 1 Summary tables of the fixed effects estimates (standard errors) (β (se)) of the linear mixed models for all outcomes: subjective image quality
items on the 124 MRI examinations with four readers

Subjective image quality item
(N = 124 patients)

Overall quality Anatomic clarity Background signal
suppression

Absence of
distortion

Absence of ghosting

β (se) p value β (se) p value β (se) p value β (se) p value β (se) p value

Intercept 3.38 (0.21) 2.71 (0.3) 3.53 (0.1) 4.11 (0.15) 4.91 (0.14)

Effects of computed sequence
(vs acquired b-2000)

c b-2000 0.43 (0.04) < 0.001 0.45 (0.05) < 0.001 0.33 (0.04) < 0.001** 0.28 (0.04) < 0.001 − 0.33 (0.03) < 0.001**

c b-2500 0.49 (0.04) 0.51 (0.05) 0.73 (0.04) 0.28 (0.04) − 0.43 (0.03)

Other fixed effects

Prostate volume ≥ 50 0.15 (0.06) 0.018 0.23 (0.09) 0.009 0.17 (0.08) 0.041 0.15 (0.05) 0.007 0.05 (0.03) 0.169

Rectal quality score ≥ 4 0.22 (0.04) < 0.001 0.12 (0.05) 0.018 0.1 (0.05) 0.048 0.22 (0.04) < 0.001 0.05 (0.03) 0.133

**For these outcomes, Tukey’s HSD multiple comparison test shown significant p at least < 0.05 for comparison between c b-2000 and c b-2500

For other outcomes, it is not significantly different

5200 Eur Radiol (2019) 29:5197–5204



significant difference in conspicuity was evidenced be-
tween c-b2000 and c-b2500. No improvement of tumor
conspicuity with prostate volume ≥ 50 cm3 and a rectal
quality score ≥ 4 p = 0.20) on the subgroup of patients
with biopsy with representative case is shown in
(Fig. 1).

Quantitative analysis of contrast ratio and distortion
(Table 5)

Non-acquisition of high b-value a-DWI reduced total acquisi-
tion time by 260 s per patient.

Quantitative tumor to PZ contrast was significantly greater
on c-b2000 and c-b2500 images than on a-b2000 (p < 0.001).
Figure 2 shows the boxplots of contrast ratio measurements.

Left to right distortion was higher on a-b2000 than on c-
b2000 and c-b2500 (p = 0.02) but there was no statistically
significant differences on anterior to posterior distortion be-
tween all different DWI sequences (p = 0.79).

Discussion

We have demonstrated that c-DWI may provide high quality
images when analyzed by readers with varying experiences,

Table 2 Diagnostic Sensitivity and specificity for all Tumor, and clinically significant tumor

Diagnostic performance % (IC95%)
N = 62 patients

Reader b2000 b2000 C b2500 C

Sensitivity (all PB) E1 82 (36/44) [69–93] 82 (36/44) [70–93] 82 (36/44) [70–93]

E2 73 (32/44) [59–85] 75 (33/44) [62–87] 77 (34/44) [64–89]

J1 77 (33/43) [64–89] 77 (34/44) [64–89] 77 (34/44) [64–89]

J2 77 (34/44) [64–89] 77 (34/44) [64–89] 77 (34/44) [64–89]

Sensitivity (Gleason > 6) E1 96 (24/25) [88–100] 96 (24/25) [88–100] 96 (24/25) [88–100]

E2 88 (22/25) [76–100] 92 (23/25) [80–100] 96 (24/25) [88–100]

J1 92 (23/25) [80–100] 88 (22/25) [76–100] 88 (22/25) [76–100]

J2 96 (24/25) [88–100] 96 (24/25) [88–100] 96 (24/25) [88–100]

Specificity (all PB) E1 58 (11/19) [35–80] 58 (11/19) [35–80] 58 (11/19) [33–80]

E2 63 (12/19) [40–85] 63 (12/19) [40–85] 47 (10/19) [24–71]

J1 68 (13/19) [46–89] 68(13/19) [47–89] 68 (13/19) [47–89]

J2 74 (14/19) [52–93] 74 (14/19) [53–92] 74 (14/19) [52–94]

Fig. 1 Axial T2-weighted MRI
image (a) shows a large
hypointense signal lesion devel-
oped in the transitional zone,
PIRADS 5. This lesion is more
clearly identified in axial calcu-
lated b 2000 and b 2500 weighted
images (c and d) than in acquired
b 2000 (b) diffusion-weighted
image. Calculated b2500
diffusion-weighted image (D) has
the best conspicuity for lesion
detection
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with a significant decrease time acquisition of 220 s per pa-
tient. For all subjective quality assessments, except ghosting,
the readers found that c-DWI improved significantly the over-
all image quality compared to a-b2000. Computed b 2500 was
significantly superior to c-b2000 for background signal
suppression.

Regarding the diagnostic performance for PCa detection,
we have shown that c-DWI has comparable tumor detection
rate as a-DWI. The detection rate for significant cancer was
excellent (E1 96%, E2 92 to 96%, J1 88%, J2 96%) with a
shortened protocol consisting of T2 and b 2000. We also dem-
onstrated that, when compared with a-b2000 images, there
was significant greater conspicuity of the index lesion for both
c-b2000 and c-b2500 and that the tumor to PZ contrast ratio
was significantly higher. No difference in conspicuity between
c-b2000 and c-b2500 was found.

Our results are in accordance with previous published stud-
ies, however the number of patients and reader is superior, and
the calculation of our computedDWI is obtained with 3 low b-
values < 1000 s/mm2. Bittencourt et al, compared acquired
and c-b1400 and showed that overall image quality was rated
significantly better and signal intensity ratios were significant-
ly higher [11]. Rosenkrantz et al compared image quality and
tumor detection of acquired and c-b1500 DWI in 49 patients
with two readers and found a greater background signal sup-
pression, less distortion, and fewer artifacts using computed
versus acquired [9]. A higher conspicuity and tumor to PZ
contrast ratio for computed high b-values was an expected
finding, as images are less affected by poor SNR and geomet-
ric distortion [16]. Computed DWI is more likely than ac-
quired images to highlight differences in signal intensity

between cancerous and non-cancerous tissue on images with
high b-values. Feuerlein et al compared CNRs of very high
computed b-values > 2000 s/mm2 and the respective ADC
map in 14 patients and concluded that c-DWI was able to
provide better contrast between prostate tumor and back-
ground tissue than is a standard ADC map on a 3 T with
endo-rectal coil. However authors evaluated the diagnostic
capability and the contrast ratios of cancerous and non-
cancerous lesions without qualitative criteria analysis [17].
Ueno et al evaluated the clinical diagnostic ability of c-DWI
for prostate cancer in 80 patients, with two radiologists and
found that c-DWIs with b-2000 were not superior or inferior
to acquired DWIs. However in this study, c-DWI was calcu-
lated only with two b-values (b0 and b1000 s/mm2) instead of
3 low b-values (< 1000 s/mm2) [18].

The better image quality of c-DWI, the better conspicu-
ity and the higher tumor to PZ contrast ratio did not trans-
late into improved tumor detection. Both acquired and cal-
culated high b-value imaging increased specificity of tu-
mor detection while maintaining sensitivity for high grade
tumor. Therefore high b-values have the potential to reduce
the number of insignificant cancers detected by biopsy.
Indeed, the ideal test for prostate cancer detection would
be identifying a high proportion of men who would benefit
from treatment and minimize the identification of men with
clinically insignificant cancer in order to prevent overtreat-
ment. In this study, among the patients who underwent
MRI-targeted biopsy, detection rates for significant cancers
were excellent with a shortened protocol consisting of T2
and b 2000 with slight difference with experience level of
the readers.

Table 3 Lesion conspicuity
scores with acquired b2000,
computed b2000, and computed
b2500

Variable b2000 (A) b2000 C
(B)

b2500 C
(C)

p
global

p A vs
B

p A vs
C

p B vs
C

Conspicuity 3.93 (0.28) 4.22 (0.28) 4.31 (0.28) < 0.001 < 0.001 < 0.001 0.176

Conspicuity (Gleason
≥ 3 + 4)

4.38 (0.28) 4.52 (0.28) 4.6 (0.28) 0.029 0.21 0.024 0.30

Table 4 Summary tables of the
fixed effects estimates (standard
errors) (β (se)) of the linear mixed
models for all outcomes: lesion’s
conspicuity

Subjective image quality item Conspicuity (all PB)

(N = 44 patients)

Conspicuity (Gleason > 6)

(N = 24 patients)

β (sd) p value β (sd) p value

Intercept 3.89 (0.29) 4.21 (0.29)

Effects of computed sequence
(vs acquired b-2000)

c b-2000 0.29 (0.07) < 0.001 0.13 (0.08) 0.030
c b-2500 0.38 (0.07) 0.22 (0.08)

Other fixed effects

Prostate volume ≥ 50 − 0.03 (0.19) 0.85 0.29 (0.19) 0.19

Rectal quality score ≥ 4 0.1 (0.08) 0.20 0.08 (0.1) 0.39
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Because we did not use endorectal coil, we wanted to eval-
uate whether rectal distension impacted on image quality of
acquired or computed diffusion images. We found that absence
of rectal distension, as well as a prostate volume > 50 cm3 were
significantly associated with a higher quality of DWI images,
whether it was acquired or computed DWIs. There are limited

number of previous studies looking at the issue of rectal prep-
aration and prostate volume and quality of DWI. Caglic et al
found that rectal distension had a negative effect on the quality
of diffusion imaging [19]. Padhani et al showed that rectal
movements are related to rectal distension and may result in
significant displacement of the prostate gland and consequently
alter the image quality [20].

There are several limitations of this study. First, the gold
standard was MR/TRUS fusion-guided biopsy instead of rad-
ical prostatectomy specimens. Whereas pathologic findings
from prostatectomy would have been more accurate, the ap-
proach used is reasonable; MR/TRUS fusion-guided biopsies
are becoming a gold standard with a very high accuracy [1]. In
our study, tumor detection could not be assessed in the whole
sample of 124 patients, but only on a subgroup of 63 patients
undergoing biopsies. Second, we only assessed two computed
DWI, b-2000 and b 2500 images. We selected those b-values
because we wished to compare c-DWI with a-DWI obtained
at an identical b-value and we were able to obtain direct DWI
at a b-value of 2000 s/mm2. Moreover, Vural et al compared
different c-DWIs (b 1500, b 2000 and b 3000 s/mm2) and
found that c-b2000 was the preferable image set in localizing
cancer in prostate gland [21]. Third, all sequences for a given
patient were analyzed consecutively. We made this pragmatic
choice due to logistical constraints and all readers were told to
analyze each sequence independently from others.

To conclude, we have demonstrated that the c-DWI images
at b-values greater than 2000 s/mm2 may provide images with
highest ratings of quality, except for ghosting, while maintain-
ing comparable prostate cancer detection rate, with shorter
time acquisition and so decreasing examination costs for
readers of varying experiences. Our study suggested that c-
DWI might be routinely incorporated into prostate MRI pro-
tocols and replace a standard a-DWI at high b-value.

Table 5 Summary tables of the fixed effects estimates (standard errors) (β (se)) of the linear mixed models for all outcomes: objective image quality
item

Objective image quality item Distortion AP
(N = 124 patients)

Distortion Larg
(N = 124 patients)

Contrast ratio
(N = 44 patients)

β (se) p value β (se) p value β (se) p value

Intercept 4.69 (0.21) 4.19 (0.41) 0.21 (0.04)

Effects of computed sequence
(vs acquired b-2000)

c b-2000 − 0.26 (0.03) < 0.001 ** − 0.86 (0.33) 0.017 0.25 (0.03) < 0.001 **
c b-2500 − 0.39 (0.03) − 0.81 (0.33) 0.39 (0.03)

Other fixed effects

Prostate volume ≥ 50 0.04 (0.04) 0.251 − 0.27 (0.39) 0.50 0.07 (0.04) 0.063

Rectal quality score ≥ 4 0.08 (0.03) 0.007 − 0.98 (0.4) 0.015 0.02 (0.04) 0.51

**For these outcomes, Tukey’s HSD multiple comparison test shown significant p at least < 0.05 for comparison between c b-2000 and c b-2500

For other outcomes, it is not significantly different

Fig. 2 Contrast ratio: boxplots of contrast ratio measurements
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