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Abstract

This study proposes a fat-suppressed three-dimensional T2-weighted (3D-T2W) sequence on magnetic resonance imaging
to enhance prostatic urethral identification in radiotherapy planning. Conventional 3D-T2W and the proposed sequence were
obtained to evaluate prostatic urethral identification in 13 male patients. The proposed sequence demonstrated significantly
higher Dice similarity coefficients compared to conventional 3D-T2W sequence (p =0.001) and superior contrast-to-noise
ratios. The proposed sequence also achieved significantly better visibility scores in visual assessment (p =0.001). The pro-
posed technique uses fat suppression in a standard 3D-T2W sequence, making it a simple and clinically applicable method
that does not require specialized sequence designs. Our findings suggest that this approach could be a valuable noninvasive
method for enhancing prostatic urethral identification, although further research with larger sample sizes and optimization

of acquisition parameters is needed.
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1 Introduction

Accurate prostatic urethral identification is an important fac-
tor in reducing the risk of urinary toxicity in radiation thera-
pies such as stereotactic body radiotherapy or brachytherapy
[1-3]. The most reliable approach for urethral identification
is the insertion of a Foley catheter [4, 5]; however, catheteri-
zation every time for multiple days of irradiation is invasive,
associated with a risk of infection [6, 7], and is undesirable
for patients. Furthermore, urethral catheter placement may
displace the urethral position [8, 9] and catheter removal
may cause prostate rotation [10], resulting in possible plan-
ning inaccuracies.

Several studies have attempted to utilize magnetic reso-
nance imaging (MRI) without catheterization. Most of these
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studies investigated with two-dimensional (2D) T2-weighted
(T2W) turbo spin-echo (TSE) sequences [11-14]. In recent
years, several studies have been conducted using three-
dimensional (3D) sequences to improve urethral identi-
fication performance [15-17]. Kato and Okumiya et al.
demonstrated that the 3D sequence had superior urethral
identification compared to 2D, but the accuracy was inferior
to that of computed tomography (CT) with catheter insertion
[17]. Therefore, no complete approach exists for noninvasive
prostatic urethral identification, and developing sequences
with improved urethral identification is desirable for accu-
rate radiotherapy planning.

The prostatic urethra is normally visualized as a high-
intensity tract on T2W images. However, standard T2W
sequences may be hindered in urethral identification because
of the high signal intensity of the surrounding fat. The fat
suppression technique is commonly used in clinical MRI
examinations [18, 19], the dynamic range of the image
display can alter if the high signal intensity of fat is sup-
pressed, contributing to an improved tissue contrast. There-
fore, we hypothesized that a fat-suppressed 3D-T2W image
would allow for superior urethral identification compared
to standard 3D-T2W. However, to our knowledge, no study
has evaluated urethral identification using fat-suppressed
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T2W images. This study aimed to propose a novel fat-sup-
pressed 3D-T2W sequence for accurate prostatic urethral
identification.

2 Materials and methods
2.1 Patient data

This study was approved by the Ethics Committee of our
institution. The requirement for informed consent was
waived by the committee, because the clinical MRI data
were collected retrospectively. The total number of included
subjects was 13 male patients (mean age, 69.5 years; range,
57-81 years) with prostate cancer who received radiotherapy
between October 2022 and June 2023 at our hospital. All
participants underwent an MRI without a Foley catheter.

2.2 Image acquisition

All MRI scans were performed using a 3 T scanner (MAG-
NETOM Skyra, Siemens, Erlangen, Germany) with an
18-channel body and a spine matrix coil. Two sequences
were obtained for the prostatic urethra identification. One
was a standard 3D-T2W image with sampling perfection and
application-optimized contrasts using a different flip-angle
evolution (SPACE) sequence, which is our routine proto-
col for radiotherapy planning (conventional sequence). The

Table2 Dice similarity coefficients and visibility scores in all
patients

Case Dice similarity coefficients ~ Visibility scores (by
consensus)

3D-T2W FS-3D-T2W 3D-T2W FS-3D-T2W

1 0.82 0.89 3 4

2 0.64 0.81 2 4

3 0.79 0.81 3 4

4 0.76 0.87 3 4

5 0.78 0.78 2 3

6 0.72 0.84 2 4

7 0.70 0.79 2 4

8 0.82 0.84 3 4

9 0.79 0.83 3 4

10 0.59 0.64 2 2

11 0.80 0.80 3 4

12 0.75 0.82 3 4

13 0.79 0.81 3 4

Mean 0.75 0.81 2.6 3.8

SD 0.07 0.06 0.5 0.6

p value p=0.001 p=0.001

p <0.05 was considered statistically significant

second is a newly proposed sequence that is more special-
ized for urethral identification: a slightly longer echo time
(TE) 3D-T2W SPACE sequence with a fat suppression

Table 1 Acquisition parameters

3D-T2W (conventional) Fat-suppressed 3D-T2W
Repetition time (ms) 1300 1500
Echo time (ms) 130 150
Flip angle (degree) 120 (constant) 150 (constant)
Field-of-view (mm) 300x% 300 250%250
Matrix (phase X read) 307x384 315%384
Acq. resolution (mm) 0.98%x0.78 x0.98 0.79x0.65%x1.73
Rec. resolution (mm) 0.78x0.78 x0.80 0.65x0.65%x1.00
Bandwidth (Hz/pixel) 651 543
Echo spacing (ms) 4.00 4.28
Turbo factor 77 72
Number of slices 224 96
Slice oversampling (%) 14.3 333
Phase oversampling (%) 20 40
Number of averages 1.0 1.4
Excitation type Non-selective Slab-selective
Parallel imaging GRAPPA of 4 GRAPPA of 3
Orientation Coronal Transversal
Fat-suppression - SPAIR
Acquisition time (m:sec) 5:28 5:45

3D-T2W three-dimensional T2-weighted, GRAPPA generalized autocalibrating partial parallel acquisition,
SPAIR spectral attenuated inversion recovery
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Fig.1 Box plots comparing the contrast-to-noise ratios (CNR)
between conventional 3D T2-weighted (3D-T2W) and fat-sup-
pressed (FS) 3D-T2W images for urethral identification. The CNRs
of 3D-T2W vs. FS-3D-T2W images were 3.9+1.6 vs. 5.8+1.6

T
4

Fig.2 Images of a 76-year-old male in Case 1. The prostatic urethra
is identified as a high-intensity tract (arrows) in the conventional 3D
T2-weighted sagittal (a) and transverse (b) images, and it is more

technique (proposed sequence). Table 1 lists the acquisition
parameters.

3D-T2w FS-3D-
T2w

3D-Tow FS-3D-
T2wW

(»p=0.006), 4.1+1.8 vs. 6.0+2.1 (p=0.013), and 2.5+1.2 vs.
54+1.4 (p=0.001) in the superior, middle, and inferior parts of the
prostatic urethra, respectively

clearly identified in the proposed fat-suppressed 3D T2-weighted sag-
ittal (c) and transverse (d) images

2.3 Image analysis

Two medical physicists with 17 and 10 years of experience
in radiation therapy independently conducted prostatic
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Fig.3 Images of a 68-year-old male in Case 7. The DSC value of the
conventional 3D T2-weighted image was 0.70, and the visibility score
was 2 (a—c). The urethra is a little difficult to visually identify. In con-
trast, the DSC value of the proposed fat-suppressed 3D T2-weighted

urethral contouring. According to our standard routine
method in clinical practice, the prostatic urethra was con-
toured in a 4.0-mm-diameter region of interest (ROI). The
contour analyses were conducted using MIM Maestro (MIM
software ver. 6.9.4, EURO MEDITECH CO., LTD.). The
Dice similarity coefficients (DSC) was calculated to com-
pare interoperator variability for urethral contouring as an
objective evaluation. As a subjective evaluation, both opera-
tors individually scored the prostatic urethral visibility in
both images on a four-point scale (1 =non-identifiable;
2 =obscured, some effect on contouring; 3 =acceptable, no
effect on contouring; 4 =clearly identifiable). In cases of
inter-observer disagreement, final decisions were reached
by consensus.

Additionally, the contrast-to-noise ratios (CNR) of both
sequences were calculated and compared to quantitatively
evaluate the image quality. First, both sequences were
reconstructed into 2 mm slice-thickness sagittal planes,
and a slice that could visualize the prostatic urethra was
determined. The ROIs were carefully placed at the superior,
middle, and inferior parts of the prostatic urethra on the pro-
posed sequence and copied onto the conventional sequence.
Another ROI was defined in a homogeneous location within
the prostate gland (e.g., not including hyperplasia). The size
of ROIs was 1.68—4.47 mm? in the prostatic urethra and
0.14-0.21 cm? in the prostate gland. The signal intensity (SI)
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image was 0.79, and the visibility score was 4 (d—f). The curve-
reconstructed coronal image (e) shows a quite distinct boundary ure-
thra/prostate

and standard deviation (SD) were measured, and the CNR
was calculated as follows:

(UrethraSI — ProstateglandSI)
UrethraSD '

CNR =

M

2.4 Statistical analysis

We used the Wilcoxon signed-rank test to compare the
results for urethral identification (DSC, visibility score, and
CNR) in both sequences. Spearman correlation coefficient
(p) was calculated to assess the relationship between visibil-
ity score and CNR. A p <0.05 was considered statistically
significant. All statistical analyses were performed using the
SPSS software (SPSS for Windows, version 28, IBM).

3 Results

To demonstrate urethral identification enhancement using
the proposed sequence, we conducted quantitative and
qualitative comparisons with the conventional sequence.
Table 2 summarizes each DSC value and visibility score in
both sequences. The DSC values for interoperator variabil-
ity of urethral contouring were 0.75+0.07 and 0.81 +£0.06
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Fig.4 Sagittal images of a 76-year-old male in Case 2 (a, c¢). The
DSC value of the conventional 3D T2-weighted image was 0.64 and
the visibility score was 2, whereas the DSC value of the proposed fat-
suppressed 3D T2-weighted image was 0.81, and the visibility score
was 4. Sagittal images of a 67-year-old male in Case 4 (b, d). The

for conventional and proposed sequences, respectively
(»p=0.001). The proposed sequence demonstrated signifi-
cantly higher interoperator agreement than the conventional
sequence. In the visual assessment, the visibilty scores were
2.6 +0.5 and 3.8 + 0.6 for the conventional and proposed
sequences, respectively (p=0.001).

In addition, to provide quantitative image evaluation,
we calculated the CNR between the prostatic urethra and
prostate gland. Figure 1 shows a box plot comparing both
sequences. The CNR of conventional vs. proposed sequences
were 3.9+1.6 vs. 5.8+1.6 (p=0.006), 4.1 +1.8 vs. 6.0+2.1
(p=0.013), and 2.5+ 1.2 vs. 5.4+ 1.4 (p=0.001) in the
superior, middle, and inferior parts of the prostatic ure-
thra, respectively. The CNRs obtained from the proposed
sequence were significantly higher than those obtained

DSC value of the conventional 3D T2-weighted image was 0.76, and
the visibility score was 3, whereas the DSC value of the proposed fat-
suppressed 3D T2-weighted image was 0.87, and the visibility score
was 4

from the conventional sequence. The conventional sequence
showed no correlation (p=-0.085, p=0.784), whereas the
proposed sequence showed a positive correlation (p=0.524,
p=0.066), although both had no significant difference.

Figures 2 and 3 show the representative images. The pro-
static urethra was identified as a high-intensity tract in both
images. Figure 2 shows images of Case 1. Although the pro-
static urethra is well identified in conventional sequence, it
is more clearly identified in the proposed sequence. Figure 3
shows images of Case 7. The DSC value for the conventional
sequence was 0.70 and the visibility score was 2. The ure-
thra was difficult to identify visually. In contrast, the DSC
value of the proposed sequence was 0.79 and the visibility
score was 4. The curved reconstructed coronal image shows
a distinct boundary between the urethra/prostate.
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Fig.5 Images of a 75-year-old male in Case 10. The DSC value was
0.59 in the conventional 3D T2-weighted image (a, b) and 0.64 in the
proposed fat-suppressed 3D T2-weighted image (¢, d). The visibility

4 Discussion

To demonstrate the improvement in urethral identification
using the newly proposed fat-suppressed 3D-T2W sequence,
we conducted quantitative and qualitative comparisons with
a conventional sequence. Our proposed sequence showed
superior urethral identification and provided high-CNR
images, enabling accurate urethral contouring during radio-
therapy planning.

The DSC value of the proposed sequence is significantly
higher than that of the conventional sequence. A DSC value
of > 0.7 has been reported as demonstrating’good’ spatial
and volumetric similarity [20]. Although the DSC of con-
ventional sequence was comparable to that in the previ-
ous study [17] (0.75 in this study and 0.74 in the previous
study), some cases were less than 0.7 in this study. Two
cases with marked differences between the two sequences
are shown in Fig. 4. In Case 2, for example, the DSC value
was 0.64 in the conventional sequence, whereas 0.81 in the
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score was 2 in both. This was the only case in which the prostatic
urethra was obscured; this patient had benign prostatic hyperplasia,
which may have been the cause

proposed sequence, the visibility score was 4, indicating
a clear identification (Fig. 4a, c). In most other cases, the
proposed sequence scored > 0.8, which is a higher agree-
ment rate than that of the conventional sequence. However,
the value was not comparable to that of CT with a catheter
(0.93 [17]) but was equivalent to that of CT urethrogram
(0.81 [21]). In the visual assessment, the visibility score of
the proposed sequence yielded mostly 4, although it did not
yield 4 in a previous study [17]. The use of this approach
will provide more confidence in urethral contouring. The
worst DSC value (Case 10) had a visibility score of 2 and
difficulty in identifying the prostatic urethra (Fig. 5). The
patient had benign prostatic hyperplasia, which might have
been the cause. A previous study have reported that the pro-
static urethra may be compressed and displaced due to large
benign prostatic hyperplastic nodules [12]. In addition, high
prostate signal due to inflammation may obscure urethral
visualization, which may be a less-effective scenario for the
proposed sequence.



Enhanced urethral identification for radiotherapy planning using fat-suppressed 3D... 595

The CNR of the proposed sequence was significantly bet-
ter than that of the conventional sequence, resulting in a
good visual assessment. The conventional sequence had no
correlation between visibility score and CNR, suggesting
less reliability for urethral identification. In contrast, the pro-
posed sequence showed a positive correlation, although not
significant, which may indicate higher reliability for urethral
identification. This technique applies fat suppression to the
standard 3D-T2W sequence to enhance urethral visualiza-
tion. It is a simple method that does not require special-
ized sequence design, making it readily applicable to other
facilities. Many previous studies have described the need for
further improvements in urethral identification [15, 17, 21],
and our proposed approach may be a solution.

In the proposed sequence, fat suppression technique
altered the dynamic range of the image and highlighted the
urethral water signal. In addition, the proposed sequence
employs a slightly longer TE than the conventional
sequence. Applying a long TE may help enhance the water
signal (i.e., heavily-T2W sequences), which is widely used
in MR hydrography for clinical applications [22, 23]. These
approaches could have contributed to the improvement in
visibility scores and CNR.

This study has some limitations. First, the sample size
is small. Second, we did not investigate the detailed imag-
ing parameters. Although a longer TE may improve urethral
visualization, if it is also used for entire prostate contouring,
an excessively long TE may not be appropriate because of
the reduced signal from the surrounding tissues. Therefore,
we adapted a slightly longer TE (150 ms) than standard
T2W sequence in this study. The optimization of the imag-
ing parameters is a future challenge.

5 Conclusion

This study has demonstrated that the newly proposed fat-
suppressed 3D-T2W sequence provides superior DSC val-
ues, visibility scores, and high-CNR images in prostatic ure-
thra identification. Our findings suggest that this approach
could be a valuable noninvasive method for enhancing pro-
static urethral identification in radiotherapy planning.

Funding Open Access funding provided by Nagoya University.
Data availability The data that support the findings of this study are not

openly available due to reasons of sensitivity and are available from the
corresponding author upon reasonable request.

Declarations

Conflict of interest All authors declare that they have no conflicts of
interest regarding this manuscript.

Ethical approval All procedures involving human participants were
performed per the ethical standards of our Institutional Review Board
(IRB, No: 2023-0447) and the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. This article does not
report any animal experiments.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Le Guevelou J, Bosetti DG, Castronovo F, Angrisani A, de
Crevoisier R, Zilli T. State of the art and future challenges
of urethra-sparing stereotactic body radiotherapy for pros-
tate cancer: a systematic review of literature. World J Urol.
2023;41:3287-99. https://doi.org/10.1007/s00345-023-04579-6.

2. Merrick GS, Butler WM, Tollenaar BG, Galbreath RW, Lief
JH. The dosimetry of prostate brachytherapy-induced urethral
strictures. Int J Radiat Oncol Biol Phys. 2002;52:461-8. https://
doi.org/10.1016/s0360-3016(01)01811-9.

3. Hindson BR, Millar JL, Matheson B. Urethral strictures follow-
ing high-dose-rate brachytherapy for prostate cancer: analysis
of risk factors. Brachytherapy. 2013;12:50-5. https://doi.org/
10.1016/j.brachy.2012.03.004.

4. Hoskin PJ, Colombo A, Henry A, et al. GEC/ESTRO rec-
ommendations on high dose rate afterloading brachytherapy
for localised prostate cancer: an update. Radiother Oncol.
2013;107:325-32. https://doi.org/10.1016/j.radonc.2013.05.
002.

5. Takagi H, Takeda K, Kadoya N, Inoue K, Endo S, Takahashi
N, Yamamoto T, Umezawa R, Jingu K. Development of deep
learning-based novel auto-segmentation for the prostatic urethra
on planning CT images for prostate cancer radiotherapy. Radiol
Phys Technol. 2024;17(4):819-26. https://doi.org/10.1007/
$12194-024-00832-8.

6. Hooton TM, Bradley SF, Cardenas DD, Infectious Diseases Soci-
ety of America. Diagnosis, et al. Diagnosis, prevention, and treat-
ment of catheter-associated urinary tract infection in adults 2009
International Clinical Practice Guidelines from the Infectious
Diseases Society of America. Clin Infect Dis. 2010;50:625-63.
https://doi.org/10.1086/650482.

7. Leuck AM, Wright D, Ellingson L, Kraemer L, Kuskowski MA,
Johnson JR. Complications of Foley catheters—is infection the
greatest risk? J Urol. 2012;187:1662-6. https://doi.org/10.1016/].
juro.2011.12.113.

8. Dekura Y, Nishioka K, Hashimoto T, et al. The urethral position
may shift due to urethral catheter placement in the treatment plan-
ning for prostate radiation therapy. Radiat Oncol. 2019;14:226.
https://doi.org/10.1186/s13014-019-1424-8.

9. Anderson C, Lowe G, Ostler P, et al. I-125 seed planning: an alter-
native method of urethra definition. Radiother Oncol. 2010;94:24—
9. https://doi.org/10.1016/j.radonc.2009.11.003.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00345-023-04579-6
https://doi.org/10.1016/s0360-3016(01)01811-9
https://doi.org/10.1016/s0360-3016(01)01811-9
https://doi.org/10.1016/j.brachy.2012.03.004
https://doi.org/10.1016/j.brachy.2012.03.004
https://doi.org/10.1016/j.radonc.2013.05.002
https://doi.org/10.1016/j.radonc.2013.05.002
https://doi.org/10.1007/s12194-024-00832-8
https://doi.org/10.1007/s12194-024-00832-8
https://doi.org/10.1086/650482
https://doi.org/10.1016/j.juro.2011.12.113
https://doi.org/10.1016/j.juro.2011.12.113
https://doi.org/10.1186/s13014-019-1424-8
https://doi.org/10.1016/j.radonc.2009.11.003

596

Y. Kato et al.

10.

11.

12.

13.

14.

15.

16.

17.

Litzenberg DW, Muenz DG, Archer PG, et al. Changes in pros-
tate orientation due to removal of a Foley catheter. Med Phys.
2018;45:1369-78. https://doi.org/10.1002/mp.12830.

Kataria T, Gupta D, Goyal S, et al. Simple diagrammatic method
to delineate male urethra in prostate cancer radiotherapy: an MRI
based approach. Br J Radiol. 2016;89:20160348. https://doi.org/
10.1259/bjr.20160348.

Zakian KL, Wibmer A, Vargas HA, et al. Comparison of motion-
insensitive T2-weighted MRI pulse sequences for visualization of
the prostatic urethra during MR simulation. Pract Radiat Oncol.
2019;9:e534-40. https://doi.org/10.1016/j.prro.2019.06.009.

Rai R, Sidhom M, Lim K, Ohanessian L, Liney GP. MRI mic-
turating urethrography for improved urethral delineation in
prostate radiotherapy planning: a case study. Phys Med Biol.
2017;62:3003-10. https://doi.org/10.1088/1361-6560/62/8/3003.
Yoshimura T, Nishioka K, Hashimoto T, et al. Visualizing the ure-
thra by magnetic resonance imaging without usage of a catheter
for radiotherapy of prostate cancer. Phys Imaging Radiat Oncol.
2021;18:1-4. https://doi.org/10.1016/j.phro.2021.03.002.

Pham J, Savjani RR, Gao Y, et al. Evaluation of T2-weighted MRI
for visualization and sparing of urethra with MR-guided radiation
therapy (MRgRT) on-board MRI. Cancers (Basel). 2021;13:3564.
https://doi.org/10.3390/cancers13143564.

Richardson M, Skehan K, Wilton L, et al. Visualising the ure-
thra for prostate radiotherapy planning. J Med Radiat Sci.
2021;68:282-8. https://doi.org/10.1002/jmrs.485.

Kato Y, Okumiya S, Okudaira K, et al. Urethral identification
using three-dimensional magnetic resonance imaging and inter-
fraction urethral motion evaluation for prostate stereotactic body

@ Springer

18.

19.

20.

21.

22.

23.

radiotherapy. Nagoya J Med Sci. 2023;85:504—17. https://doi.org/
10.18999/nagjms.85.3.504.

Tien RD. Fat-suppression MR imaging in neuroradiology:
techniques and clinical application. AJR Am J Roentgenol.
1992;158:369-79. https://doi.org/10.2214/ajr.158.2.1729800.
Niitsu M, Tohno E, Itai Y. Fat-suppression strategies in enhanced
MR imaging of the breast: comparison of SPIR and water excita-
tion sequences. J] Magn Reson Imaging. 2003;18:310—4. https://
doi.org/10.1002/jmri.10364.

Zou KH, Warfield SK, Bharatha A, et al. Statistical validation of
image segmentation quality based on a spatial overlap index. Acad
Radiol. 2004;11:178-89. https://doi.org/10.1016/s1076-6332(03)
00671-8.

Ong WL, Allan Hupman M, Davidson M, et al. Urethra con-
touring on computed tomography urethrogram versus magnetic
resonance imaging for stereotactic body radiotherapy in prostate
cancer. Clin Transl Radiat Oncol. 2023;45: 100722. https://doi.
org/10.1016/j.ctr0.2023.100722.

Takehara Y. Can MRCP replace ERCP? J Magn Reson Imaging.
1998;8:517-34. https://doi.org/10.1002/jmri.1880080303.
Wang YF, Lirng JF, Fuh JL, Hseu SS, Wang SJ. Heavily
T2-weighted MR myelography vs CT myelography in spontane-
ous intracranial hypotension. Neurology. 2009;73:1892-8. https://
doi.org/10.1212/WNL.0b013e3181c3fd99.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1002/mp.12830
https://doi.org/10.1259/bjr.20160348
https://doi.org/10.1259/bjr.20160348
https://doi.org/10.1016/j.prro.2019.06.009
https://doi.org/10.1088/1361-6560/62/8/3003
https://doi.org/10.1016/j.phro.2021.03.002
https://doi.org/10.3390/cancers13143564
https://doi.org/10.1002/jmrs.485
https://doi.org/10.18999/nagjms.85.3.504
https://doi.org/10.18999/nagjms.85.3.504
https://doi.org/10.2214/ajr.158.2.1729800
https://doi.org/10.1002/jmri.10364
https://doi.org/10.1002/jmri.10364
https://doi.org/10.1016/s1076-6332(03)00671-8
https://doi.org/10.1016/s1076-6332(03)00671-8
https://doi.org/10.1016/j.ctro.2023.100722
https://doi.org/10.1016/j.ctro.2023.100722
https://doi.org/10.1002/jmri.1880080303
https://doi.org/10.1212/WNL.0b013e3181c3fd99
https://doi.org/10.1212/WNL.0b013e3181c3fd99

	Enhanced urethral identification for radiotherapy planning using fat-suppressed 3D T2-weighted magnetic resonance imaging
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Patient data
	2.2 Image acquisition
	2.3 Image analysis
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	References




