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H I G H L I G H T S

• Image quality is similar for different body phased-array receive coil setups.
• An 18-channel body phased-array receive coil setup achieved good image quality.
• 60-channel body phased-array receive coil setup slightly improves SNR in T2W images.
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Purpose: To evaluate the influence of body phased-array (BPA) receive coil setups on signal-to-noise ratio (SNR)
and image quality (IQ) in prostate MRI.
Methods: This prospective study evaluated axial T2-weighted images (T2W-TSE) and DWI of the prostate in ten
healthy volunteers with 18-channel (18CH), 30-channel and 60-channel (60CH) BPA receive coil setups. SNR and
ADC values were assessed in the peripheral and transition zones (TZ). Two radiologists rated IQ features. Dif
ferences in qualitative and quantitative image features between BPA receive coil setups were compared. After
correction for multiple comparisons, p-values <0.004 for quantitative and p-values <0.017 for qualitative image
analysis were considered statistically significant.
Results: Significantly higher SNR was found in T2W-TSE images in the TZ using 60CH BPA compared to 18CH
BPA coil setups (15.20 ± 4.22 vs. 7.68 ± 2.37; p = 0.001). There were no significant differences between all
other quantitative (T2W-TSE, p = 0.007− 0.308; DWI, p = 0.024− 0.574) and qualitative image features (T2WTSE, p = 0.083–1.0; DWI, p = 0.046–1.0).
Conclusion: 60CH BPA receive coil setup showed marginal SNR improvement in T2W-TSE images. Good IQ could
be achieved with 18CH BPA coil setups.

1. Introduction
In recent years, multi-parametric prostate magnetic resonance

imaging (mpMRI) has become the predominant imaging modality for
detection and characterization of cancer foci in patients with suspected
prostate cancer [1–5]. mpMRI of the prostate in such patients

Abbreviations: 18CH, BPA 18-channel body array coil; 30CH, BPA 30-channel body array coil; 60CH, BPA 60-channel body array coil; ANOVA, Analysis of
variances; BPA, Body phased-array; ERC, Endorectal coil; ICC, Intra-class correlation coefficient; IQR, Interquartile range; mpMRI, Multi-parametric magnetic
resonance imaging; PSTT, Post-hoc paired-sample t-tests; ROIs, Region of interests; SD, Standard deviation; SNR, Signal to noise ratio; ss-DWI-EPI, Single-shot
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0.5 × 0.5 mm2; 2 averages; acquisition time 4 min and 49 s.
Single-shot diffusion-weighting spin-echo echo-planar imaging (ssDWI-EPI) sequences were acquired with orientation and location iden
tical to T2W-TSE images. Acquisition parameters for ss-DWI-EPI were:
TR / TE 4600 / 68 ms, receiver bandwidth 1526 Hz/Px; b-values 100,
500, and 1000s/mm2; FOV 222 × 222 mm2, ST 3 mm; in-plane resolu
tion 1.8 × 1.8 mm2; parallel imaging (GRAPPA) with acceleration factor
2; acquisition time 5 min and 42 s.
All parameters were kept identical while using the different phasedarray receive coil setups. ADC maps were calculated for each DWI
sequence with a monoexponential fit based on the three measured bvalues.

significantly reduces the number of unnecessary transrectal
ultrasound-guided biopsies [6–9].
An important step towards increasing patients’ acceptance for
mpMRI of the prostate is obviating the use of an endorectal coil (ERC)
for signal reception while maintaining good image quality for the
detection of prostate cancer [10]. Previous studies have demonstrated
comparable image quality in mpMRI of the prostate with and without
the use of an ERC, while increasing patient comfort in examinations
without using an ERC [11,12]. Regardless of whether or not an ERC is
used, one or more body phased-array receive coils (BPA) with typically
8–32 channels are used in mpMRI of the prostate [11–16]. While the
effect of image quality using BPAs with a high number of channels was
tested in other body parts [17–22], the influence of different BPAs on the
image quality in mpMRI of the prostate has only been evaluated in one
study [23], showing improved performance of 32 compared to 12 in
dependent receiver coils.
The coil elements within BPAs are connected to a variable number of
independent receive channels on the MRI-scanner. Multiple coil ele
ments may increase signal to noise ratio (SNR) in parallel imaging [24,
25]. While coils allowing for high acceleration factors and therefore
reducing acquisition time [16] are often used for brain imaging, such
coils with high channel density were only recently introduced for body
imaging.
Thus, the purpose of our study was to evaluate the influence of
different BPA setups on the SNR, geometric distortion and image quality
in mpMRI of the prostate.

2.2.1. SNR measurements and analysis
SNR analysis followed the procedure described by [26–29], which
has previously been applied for SNR evaluation of prostate MRI [29].
Briefly, we acquired all T2W-TSE and b-100 DWI-sequences twice (two
T2W-TSE back-to-back and two b-100 DWI back-to-back) and calculated
subtraction images. Subsequently, one noise-map for each set of se
quences was created and SNR was calculated as follows:
SNR =

|ρ |

σ

×

√̅̅̅
2

where ρ is the measured image intensity, proportional to the magnitude
of the measured transverse magnetization, σ is the standard deviation of
the corresponding noise components as measured on the difference
√̅̅̅
image, and 2 is a correction factor [26,27]. Voxel-wise SNR-maps were
calculated by post-processing image data and corresponding noise data
separately. Regions of interest (ROIs) were placed within the left and
right peripheral zone as well as within the transition zone of the prostate
by one radiologist (A.M., 4 years of experience in cross-sectional imag
ing) who was not involved in the qualitative readout. Mean SNR-values
of these ROIs were extracted and SNR-values within the left and right
peripheral zone were averaged for further analysis. An example of SNR
maps for all BPA coil setups for T2W-TSE and DWI sequences is pre
sented in Fig. 1.

2. Material and methods
This prospective study was approved by the regional ethics com
mittee. Written informed consent was obtained from all volunteers.
2.1. Study population
Ten healthy volunteers (mean age 26.1 ± 3.8 years; BMI
23.2 ± 3.0 kg/m2) underwent an adapted prostate MRI-protocol at one
timepoint. Volunteers older than 18 years, without contraindications for
MR-scanning and without known focal prostate lesion were included.

2.2.2. ADC measurements and analysis
Circular ROIs were placed on each side of the transition zone and the
peripheral zone. Mean ADC-value for each ROI in the left and right
transition and peripheral zones were extracted separately. For further
statistical analysis ADC-values for the left and right peripheral zone as
well as for the left and right transition zone were averaged.

2.2. MRI technique
No instructions with regards to clearing rectal gas were given before
the MRI.
All images were acquired on a 3 T MRI system (MAGNETOM Skyra,
Siemens Healthcare, Erlangen, Germany) using two independent trans
mit channels (TimTX TrueShape, Siemens Healthcare, Erlangen, Ger
many). For signal reception, all ten volunteers were examined with three
different BPA receive coil setups in random order: 1) 8 elements of a 32channel spine coil (Spine 32, Siemens Healthcare, Erlangen, Germany)
integrated in the MR table and covering the pelvis posteriorly and 12
elements of an 18-channel body array coil (Body 18, Siemens Health
care, Erlangen, Germany) covering the pelvis anteriorly (hereafter
referred to as 18CH BPA coil); 2) 8 elements of a 32-channel spine coil
(Spine 32, Siemens Healthcare, Erlangen, Germany) covering the pelvis
posteriorly and 20 elements of a 30-channel body array coil (Body 30,
Siemens Healthcare, Erlangen, Germany) coil covering the pelvis ante
riorly (hereafter referred to as 30CH BPA coil); 3) a 60-channel BPA coil
setup consisting of an anterior and posterior 30CH phased-array coil
(Body 30, Siemens Healthcare, Erlangen, Germany), covering the pelvis
from both sides (hereafter referred to as 60CH BPA coil).
The 18CH phased-array coil consists of 18 elements arranged in 3
rows of 6 elements, while each of the 30CH phased-array coils consist of
30 elements arranged in three rows of 10 elements each.
Axial T2-weighted turbo spin echo (T2W-TSE) sequences were ac
quired with repetition time (TR) / echo time (TE) 6650 / 96 ms; FoV
222 × 222 mm2, slice thickness (ST) 3 mm and in-plane resolution

2.2.3. Geometric distortion
For the evaluation of geometric distortion, we measured the prostate
diameters from anterior to posterior and from left to right at the level of
the verumontanum on all different b-1000 DWI-images as well as all
different T2W-TSE images. Measurements were conducted using a
commercially available DICOM viewer (Osirix®, version 5.9; The OsiriX
Foundation, Geneva, Switzerland). For subsequent statistical analysis
we assessed diameter differences between DWI and T2W-TSE images.
The measurements on the T2W-TSE images were used as standard of
reference for the definition of anatomic borders.
2.3. Qualitative image analysis
The T2W-TSE images and the b-1000 DWI images of all volunteers
were independently reviewed by two radiologists (A.S.B. and B.K.B,
both with 3 years of experience in interpreting prostate MRI) blinded to
the coil used. T2W-TSE images and the DWI were arranged in random
order and reviewed in one reading session. A 5-point Likert scale was
used to evaluate different image quality parameters such as resolution,
demarcation of prostate capsule, zonal anatomy, and overall image
quality (1, poor; 2, impaired; 3, acceptable; 4, good; 5, excellent)
2
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Fig. 1. Voxel-wise SNR maps for a representa
tive participant. T2W-TSE and DWI images
were postprocessed individually together with
the corresponding noise data, yielding SNR
maps on a voxel-wise basis. SNR maps are
shown for T2W-TSE / DWI sequences using
18CH, 30CH as well as 60CH coils, respectively.
SNR values are color-coded from 5 (black) to 40
(yellow/white). (For interpretation of the ref
erences to colour in this figure legend, the
reader is referred to the web version of this
article).
Abbreviations: SNR, signal-to-noise ratio; T2WTSE, T2-weighted turbo spin echo; DWI, diffu
sion weighted images; 18CH, 18-channel body
phased-array receive coil setup; 30CH, 30-chan
nel body phased-array receive coil setup; 60CH,
60-channel body phased-array receive coil
setup.

separately as previously reported [29]. Additionally, we evaluated
geometric distortion (1, no distortion; 2, low distortion; 3, intermediate
distortion; 4, high distortion; 5, very high distortion, respectively) on
DWI and the clarity of the periurethral region on T2W-TSE images. Also,
the presence of artifacts in the DWI-sequences (wrapping, ghosting,
susceptibility, blurring and other) and their influence on image quality
and on the diagnostic evaluation, using a 5-point Likert scale (1, no
influence; 2, low influence; 3, moderate influence; 4, severe influence; 5,
substantial influence, respectively) were assessed. Furthermore, the
readers had to state whether the image series were diagnostic or not. At
the end of the reading session, the three different T2W-TSE image series
for each volunteer were presented to the reader side-by-side and they
were asked to choose their overall preferred sequence.

correlation coefficient (ICC) to assess inter-reader agreements for all
qualitative image features. An ICC of 0.75–1.00 indicated excellent,
0.60− 0.74 good, 0.40− 0.59 fair and <0.4 poor agreement [30]. All
statistical analyses were performed using SPSS (IBM® SPSS® Statistics
22; SPSS® Inc., Chicago, IL) and R (v3.3.1. The R Foundation for Sta
tistical Software, Vienna, Austria).
3. Results
3.1. Quantitative analysis
With respect to the T2W-TSE images, the signal-to-noise ratio (SNR;
mean ± SD for the peripheral / transition zone within the prostate) was
18.16 ± 6.04 / 7.68 ± 2.37 for the 18CH BPA coil, 22.45 ± 4.52 /
11.54 ± 4.44 for the 30CH BPA coil, and 24.61 ± 5.62 / 15.20 ± 4.22
for the 60CH BPA coil, respectively. The ANOVA showed a statistically
significant group-effect in the transition zone (F = 7.879, p < 0.001) but
not in the peripheral zone (F = 2.929, p = 0.024). Post-hoc pairedsample t-tests revealed higher SNR in the transition zone when using the
60CH BPA coil compared to the 18CH BPA coil (T=− 4.965, p = 0.001,),
but not for other coil comparisons or regions of the prostate (see also
Table 1 for detailed presentation of corresponding values). Regarding
the DWI images, SNR was 17.32 ± 4.24 / 11.43 ± 2.44 for the 18CH
BPA coil, 16.09 ± 5.95 / 10.47 ± 2.02 for the 30CH BPA coil, and
30.24 ± 15.45 / 15.19 ± 4.32 for the 60CH BPA coil. ANOVA as well as
post-hoc paired-sample t-tests did not reveal statistically significant
differences in SNR between all BPA coils in both the peripheral and
transition zone (Table 1).
ADC (mean ± SD for the peripheral / transition zone within the
prostate) was 1078 ± 127.09 × 10− 6 mm2/ 960.7 ± 118.5 × 10− 6 mm2
for
the
18CH
BPA
coil,
1148 ± 272.5 × 10− 6 mm2
/
− 6
2
1078.5 ± 168.9 × 10 mm
for the 30CH BPA coil, and
1060.3 ± 134.8 × 10− 6 mm2 / 1008.8 ± 127.4 × 10− 6 mm2 for the

2.4. Statistical analysis
Significant differences for qualitative image features between the
three different phased-array receive coil setups for the T2W-TSE images
and the DWI were evaluated using the Wilcoxon rank sum tests with
Bonferroni correction for multiple comparisons. For the analysis of
quantitative measurements of SNR and ADC, we performed an analysis
of variances (ANOVA) to test for potential group interactions with
respect to measured values within the peripheral and transition zone of
the prostate. Post-hoc paired-sample t-tests (PSTT) were performed to
identify potential differences in SNR and ADC between each pair of
phased-array receive coil setups. Significant differences in quantitative
analysis of geometric distortion were evaluated using Friedman tests.
After correction for multiple comparisons p-values <0.0042 for the
quantitative image analysis (Benjamini-Hochberg procedure, n = 12 to
account for all performed PSTT) and p-values <0.017 for the qualitative
image analysis (Bonferroni correction, n = 3 to account for all body
phased-array receive coil setups) were considered statistically signifi
cant, respectively. All tests were two-tailed. We used the intra-class
3
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Table 1
Signal-to-noise ratio analysis. To evaluate potential differences between pairs of phased array receive coil setups in SNR within the peripheral and transition zone of the
prostate for T2-weighted turbo spin echo and diffusion weighted images, post-hoc paired-sample t-tests (PSTT) were performed. After correction for multiple com
parisons (Benjamini-Hochberg procedure, n = 12 to account for all performed PSTT) a p-value <0.004 was considered statistically significant. Italics indicate p-values
<0.004.
Peripheral Zone
SNR
T2W-TSE
DWI

18CH
18CH
30CH
18CH
18CH
30CH

vs. 30CH
vs. 60CH
vs. 60CH
vs. 30CH
vs. 60CH
vs. 60CH

18.16 ± 6.04
18.16 ± 6.04
22.45 ± 4.52
17.32 ± 4.24
17.32 ± 4.24
16.09 ± 5.95

vs. 22.45 ± 4.52
vs. 24.61 ± 5.62
vs. 24.61 ± 5.62
vs. 16.09 ± 5.95
vs. 30.24 ± 15.45
vs. 30.24 ± 15.45

Transition Zone
T-value

p-value

SNR

T-value

p-value

− 2.182
− 1.983
− 1.089
0.586
− 2.626
− 2.782

0.061
0.083
0.308
0.574
0.030
0.024

7.68 ± 2.37 vs. 11.54 ± 4.44
7.68 ± 2.37 vs. 15.20 ± 4.22
11.54 ± 4.44 vs. 15.20 ± 4.22
11.43 ± 2.44 vs. 10.47 ± 2.02
11.43 ± 2.44 vs. 15.19 ± 4.32
10.47 ± 2.02 vs. 15.19 ± 4.32

− 3.623
− 4.965
− 2.166
0.940
− 2.434
− 2.770

0.007
0.001
0.062
0.375
0.041
0.024

Abbreviations: SNR, signal-to-noise ratio; T2W-TSE, T2-weighted turbo spin echo; DWI, diffusion weighted images; 18CH, 18-channel body phased-array receive coil
setup; 30CH, 30-channel body phased-array receive coil setup; 60CH, 60-channel body phased-array receive coil setup.

There was no significant difference between the 18CH, the 30CH and
the 60CH BPA coil setups for all tested values in the T2W-TSE and the
DWI sequences (p = 0.083–1.0 and p = 0.046–1.0, respectively).
Reader 1 rated one T2W-TSE image series with the 30CH BPA coil setup
as well as one image series of the DWI-sequence in each coil setup not
diagnostic. Other than the aforementioned exceptions, all other image
sets were rated as diagnostic for both readers. These qualitative results
are summarized in Table 2 and an example of T2W-TSE and DWI is
presented in Fig. 3.
On side-by-side comparison, the T2W-TSE from the 18CH BPA setup
was most frequently selected as the preferred series by reader 1 (in n = 4
of 10 volunteers) while reader 2 selected the 18CH and the 30CH BPA
setup most (in n = 4 of 10 volunteers each).

60CH BPA coil, respectively. The ANOVA showed no statistically sig
nificant group effect in the peripheral zone (F = 0.594, p = 0.559) and
the transition zone (F = 1.790, p = 0.186). Also, the post-hoc pairedsample t-tests revealed no significant difference between the three
different BPA receive coils in both, the peripheral (p = 0.936–1.0) and
the transition zone (p = 0.212–1.0). Boxplots for ADC measurements are
presented in Fig. 2.
There were no statistically significant differences in left to right and
anterior to posterior diameter of the prostate between the DWIsequences and the T2W-TSE sequences of all three different BPA coils
(p = 0.905 and 0.836, respectively). The median diameter difference
from left to right was 0.1 mm (interquartile range (IQR) − 1.6 to
2.1 mm) and from anterior to posterior − 0.5 mm (IQR − 1.8 to 2.7 mm)
for the 18CH BPA coil, -0.1 mm (IQR − 2.1 to 0.9 mm) and 0.6 mm (IQR
− 1.6 to 2.4 mm) for the 30CH BPA coil and − 0.5 mm (IQR − 0.7 to
0.8 mm) and − 0.6 (IQR − 1.7 to 1.1 mm) for the 60CH BPA receive coil,
respectively.

4. Discussion
Three different BPA receive coil setups for MRI of the prostate were
investigated. We found a tendency towards better SNR with increasing
number of coil elements in the T2W-TSE sequences. However, signifi
cantly higher SNR was only found in the transition zone in T2W-TSE
images for the 60CH as compared to the 18CH BPA coil setup. Image
quality in general was rated high by both readers and appearance of
artifacts were similar in all images across the different coil setups with
no relevant influence on the image quality or diagnostic evaluation.
Furthermore, choice of coil setup did not influence quantitative mea
sures, such as the ADC, which is important regarding the inclusion of
such measures in further updated reporting guidelines or for conducting
multicenter studies [31].
Theoretically, BPA receive coils cover a large FOV while maintaining
a high SNR allowing for improved image quality and parallel imaging to
reduce the acquisition time [24,25,32]. However, recently published
studies in body [19] and brain MRI [20,33] showed that the improve
ment in SNR by using an increased number of coil elements is most
distinct in sequences that use a high acceleration factor, due to the lower
noise amplification. In our study we used an acceleration factor of 2 for

3.2. Qualitative analysis
The inter-reader agreement between reader 1 and reader 2 for the
T2W-TSE sequences was excellent for resolution (ICC 0.839; 95 %
confidence interval (95 % CI) 0.661 – 0.923), demarcation of the pros
tate capsule (ICC 0.828, 95 % CI 0.639 – 0.918), the clarity of the per
iurethral region (ICC 0.797, 95 % CI 0.573 – 0.903) and for overall
image quality (ICC 0.841, 95 % CI 0.667 – 0.924) and good for zonal
anatomy (ICC 0.710, 95 % CI 0.390 – 0.862). For the DWI-sequences the
inter-reader agreement was excellent for the influence of artifacts on the
image quality (ICC 0.798, 95 % CI 0.575 – 0.904) and the influence of
artifacts on the diagnostic performance (ICC 0.951, 95 % CI 0.896 –
0.977) and good for resolution (ICC 0.647, 95 % CI 0.259 – 0.832),
demarcation of the prostate capsule (ICC 0.724, 95 % CI 0.419 – 0.868),
zonal anatomy (ICC 0.748, 95 % CI 0.470 – 0.880), geometric distortion
(ICC 0.710, 95 % CI 0.392 – 0.862) and overall image quality (ICC 0.607,
95 % CI 0.174 – 0.813).

Fig. 2. Boxplots for ADC measurements in the
peripheral and transition zone. ADC measure
ments in the peripheral and transition zone
were similar between the 18CH BPA, 30CH BPA
and 60CH BPA receive coil setup without sig
nificant differences between the coil setups
(ANOVA peripheral zone F = 0.594, p = 0.55;
transition zone F = 1.790, p = 0.186).
Abbreviation: ADC, apparent diffusion coeffi
cient; 18CH BPA, 18-channel body phasedarray receive coil setup; 30CH BPA, 30-channel
body phased-array receive coil setup; 60CH
BPA, 60-channel body phased-array receive coil
setup; ANOVA, Analysis of variances.
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Table 2
Qualitative results of conventional reading (Likert score ± standard deviation), number of artifacts, diagnostic sequences and results from Wilcoxon signed rank test.
After correction for multiple comparisons (Bonferroni correction, n = 3 to account for all body phased-array receive coil setups) a p-value <0.017 was considered
statistically significant.
T2W-TSE

Resolution
Capsule
demarcation
Zonal anatomy
Overall IQ
Periurethral
clarity
Geometric
distortion
Number of
artifacts
Artifacts
influencing
diagnostic
evaluation
Artifacts
influencing IQ
Diagnostic (yes/
no)

p-value

18CH

30CH

60CH

R1
R2
R1

4.3 ± 0.7
4.6 ± 0.7
4.8 ± 0.4

3.9 ± 1.1
4.4 ± 0.8
4.4 ± 0.8

4.1 ± 0.7
4.7 ± 0.5
4.8 ± 0.4

R2
R1
R2
R1
R2
R1

4.8 ± 0.4
4.0 ± 0.8
4.4 ± 0.7
4.3 ± 0.7
4.6 ± 0.7
4.4 ± 0.7

4.6 ± 0.5
3.9 ± 1.1
4.6 ± 0.5
4.3 ± 1.1
4.3 ± 0.8
4.3 ± 1.1

R2
R1

4.7 ± 0.5

4.7 ± 0.7

18CH
vs.
30CH

DWI
18CH

p-value

18CH
vs.
60CH

30CH vs.
60CH

30CH

60CH

18CH
vs.
30CH

18CH
vs.
60CH

30CH
vs.
60CH

0.102
0.414
0.102

0.414
0.655
1

0.527
0.317
0.102

4.1 ± 0.7
4.4 ± 1.0
4.7 ± 0.5

4.2 ± 0.6
4.1 ± 0.9
4.4 ± 1.0

4.2 ± 0.6
4.3 ± 0.7
4.5 ± 0.7

0.564
0.180
0.180

0.655
0.564
0.157

1
0.414
0.564

4.9 ± 0.3
4.2 ± 0.8
4.8 ± 0.4
4.4 ± 0.7
4.7 ± 0.5
4.5 ± 0.7

0.157
0.705
0.317
1
0.180
0.739

0.564
0.480
0.102
0.564
0.655
0.655

0.083
0.257
0.480
0.655
0.102
0.317

4.8 ± 0.6
4.2 ± 0.8
4.6 ± 1.0
4.2 ± 0.8
4.4 ± 0.8

4.2 ± 0.9
3.9 ± 0.7
4.0 ± 1.2
4.1 ± 0.7
4.3 ± 0.7

4.6 ± 1.0
3.8 ± 0.8
4.3 ± 1.1
3.9 ± 0.9
4.5 ± 0.7

0.063
0.257
0.034
0.655
0.705

0.157
0.046
0.180
0.180
0.739

0.234
0.705
0.180
0.480
0.157

4.9 ± 0.3

1

0.317

0.414

1.6 ± 1.0

2.0 ± 1.1

1.7 ± 1.1

0.194

0.705

0.334

R2
R1

1.7 ± 0.9
5

1.7 ± 0.9
6

2.3 ± 1.6
8

1
0.564

0.131
0.180

0.206
0.317

R2
R1

4
1.3 ± 0.9

5
1.6 ± 1.1

5
1.4 ± 1.0

0.655
0.414

0.655
0.317

1
0.705

R2
R1

1.2 ± 0.6
1.8 ± 1.2

1.5 ± 1.1
2.2 ± 1.3

1.3 ± 0.9
2 ± 0.8

0.180
0.336

0.317
0.414

0.317
0.739

R2
R1

10/0

9/1

10/0

0.317

1

0.317

1.6 ± 1.0
9/1

1.8 ± 1.0
9/1

1.7 ± 1.1
9/1

0.414
1

0.705
1

0.739
1

R2

10/0

10/0

10/0

1

1

1

10/0

10/0

10/0

1

1

1

Abbreviations: T2W-TSE, T2-weighted turbo spin echo; DWI, diffusion weighted images; 18CH, 18-channel body phased-array receive coil setup; 30CH, 30-channel
body phased-array receive coil setup; 60CH, 60-channel body phased-array receive coil setup; R1, reader 1; R2, reader 2; IQ, image quality.
Fig. 3. Exemplary images acquired with three
different coil setups in the same volunteer sideby-side. Images of the prostate at the midgland
level of the T2W-TSE images from the 18CH,
30CH and 60CH coil setup and the DWI are
shown. Qualitative image features for the
different coil setups were rated with similar
subjective scores for T2W-TSE and DWI. The
overall image quality for the 18CH, 30CH and
60CH coil setup was rated 5, 5 and 5 for T2WTSE images and 5, 4 and 4 for DWI by both
readers. All T2W-TSE and DWI sequences were
rated diagnostic by both readers.
Abbreviations: T2W-TSE, T2-weighted turbo
spin echo; DWI, diffusion weighted images;
18CH, 18-channel body phased-array receive
coil setup; 30CH, 30-channel body phased-array
receive coil setup; 60CH, 60-channel body
phased-array receive coil setup.

the DWI-sequence and no parallel imaging for the T2W-TSE sequence
and no significantly better image quality was demonstrated by using the
60CH BPA coil setup. These results are in line with other studies
comparing image quality in abdominal MRI when using low acceleration
factors [19].
The 60CH BPA coil design, may potentially enable higher image
quality for measurements where high acceleration factors are applied.
While previous studies have shown a reduction of acquisition time in
body MRI [34], in mpMRI of the prostate there is only a relatively small
area to be covered with a limited number of transverse slices. Therefore,
our data suggest that the benefits from the 60CH BPA coil design in

mpMRI of the prostate remain questionable.
In multichannel coils, the gain of SNR is particularly high in areas
close to the coil elements while decreasing with increasing depth, i.e.
distance from the coil elements [33,35–38]. Our study results show a
tendency towards higher SNR with increasing coil elements which may
be related to the study population, consisting of young volunteers with a
normal BMI. However, the differences in SNR may have reached sig
nificant levels in a larger study population, also including elderly men
with higher BMI. However, it would have been difficult to perform
multiple MR scans with different BPA coil setups in actual patients with
suspicion for prostate cancer who undergo clinically indicated prostate
5
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MRI with consistently high image quality throughout all scans. We
believe that high quality images with high SNR can be achieved likewise
with 18CH, 30CH and 60CH BPA coil setups.
Since geometric distortion is not dependent on the phased-array
coils, there expectedly were no differences in geometric distortion be
tween the three different coil setups. However, we chose to include
evaluation for geometric distortion in T2W-TSE and DWI to ensure
distortion free, high image quality in all image sets.
Our study has limitations. First, the sample size was relatively small,
however, in the range of a typical volunteer study. Second, we did
investigate young and healthy volunteers and not patients with suspi
cion of prostate cancer, hence tumor delineation and evaluation of
conspicuity of suspicious lesions could not be evaluated. However due to
the study design and given that the main focus was set on evaluation of
image quality parameters, performing the study in patients clinically
referred for a mpMRI of the prostate would not have been feasible due to
a relatively long scan duration (including acquisition of multiple se
quences using three different coil setups). Third, we did not investigate
the influence of higher acceleration factors of the MRI-sequences on the
SNR. However, the main goal in our study was to evaluate the influence
of the number of coil elements on qualitative and quantitative image
features in a typically used protocol of mpMRI of the prostate.
In conclusion, although the 60CH BPA receive coil setup showed a
tendency towards higher SNR in T2W-TSE images and DWI compared to
the 18CH BPA and 30CH BPA setup, there was no statistically significant
difference between these coil setups regarding image quality or geo
metric distortion. Good image quality may be achieved with a typically
used 18CH BPA coil setup.
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