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Abstract: Background: Benign prostatic hyperplasia (BPH) is a common health problem faced by aging men and
can be associated with bladder outlet obstruction (BOO). BPH patients usually suffer from lower urinary tract
symptoms (LUTS) including obstructive and irritative urinary symptoms. The purpose of the current study was
to clarify the correlation between MRI-derived prostate measurements and BPH-induced symptoms and findings
including International Prostate Symptom Score (IPSS), uroflowmetry, and Postvoid residual urine (PVR).

Methods: In all, 34 patients (mean age was 58 ± 8 years, range 43 to 73 years) were examined by prostate MRI,
uroflowmetry, postvoid residual urine, and fulfilled International Prostate Symptom Score questionnaire in this
prospective study. The MRI-derived measurements including total prostate volume, transition zone volume,
transition zone index, prostatic urethral angle, intravesical prostatic protrusion, and anterior fibromuscular stroma
distance were correlated with International Prostate Symptom Score, uroflowmetry including maximum flow rate
(Qmax) and Qmax grades, and postvoid residual urine using Pearson correlation coefficients (r) and multiple
linear regression. Relationship between BPH types was correlated with the same parameters using one-way
analysis of variance.

Results: We found a strong significant correlation between total prostate volume, transition zone volume, and
transition zone index with International Prostate Symptom Score, Qmax, Qmax grades, and postvoid residual
urine; however, in multiple linear regression analysis, all of them were found to be significant parameters for
International Prostate Symptom Score. Also, our study showed a strong significant correlation between anterior
fibromuscular stroma distance and intravesical prostatic protrusion with International Prostate Symptom Score and
postvoid residual urine; however, in multiple linear regression analysis, only intravesical prostatic protrusion was found
to be a significant parameter for postvoid residual urine. Our results also revealed a significant correlation between BPH
types with Qmax, Qmax grades, International Prostate Symptom Score, and postvoid residual urine.

Conclusion: Several MRI-derived prostate parameters (total prostatic volume, transition zone volume, transition zone
index, prostatic urethral angle, intravesical prostatic protrusion, anterior fibromuscular stroma distance, and BPH types)
correlating significantly with the International Prostate Symptom Score, uroflowmetry parameters (Qmax and Qmax

grades), and postvoid residual urine.

Keywords: Benign prostatic hyperplasia, MRI, International Prostate Symptom Score, Uroflowmetry, Postvoid
residual urine
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Background
Benign prostatic hyperplasia (BPH) is a common health
problem faced by aging men and can be associated with
troublesome lower urinary tract symptoms (LUTS).
Symptoms of BPH start to develop after the age of 40
years, and the incidence becomes greater than 50% by
the age of 60 years and 90% by the age of 85 years [1].
Patients with BPH usually suffer from LUTS including
obstructive urinary symptoms (incomplete emptying,
intermittent voiding, straining, and weak stream) and ir-
ritative urinary symptoms (frequent voiding, nocturia,
and urgency) [2].
Digital rectal examination (DRE), the International Pros-

tate Symptom Score (IPSS), uroflowmetry, postvoid re-
sidual urine (PVR), serum prostate-specific antigen (PSA)
levels, and imaging modalities, e.g., transrectal ultrasound
(TRUS) are commonly used in the evaluation of BPH and
also for follow-up of treatment outcome [2, 3].
TRUS is the primary modality in the evaluation of pa-

tients with BPH because it is feasible and widely avail-
able modality. However, there are some limitations of
TRUS, e.g., being operator dependent, also its lower ac-
curacy for volume measurement of the prostate com-
pared with MRI [3, 4].
MRI is a well-known imaging modality in the diagno-

sis and follow-up of patients with prostate cancer, but in
the assessment of BPH patients, the role MRI has been
limited [5–7]. MRI offers high soft-tissue contrast reso-
lution with delineation of prostatic lobar anatomy that
allows BPH to be classified into different phenotypes [8].
MRI also provides precise measurements of the zonal
and total volume of the prostate [4, 9].
International Prostate Symptom Score (IPSS), a well-

known clinical questionnaire, was developed by the
WHO and commonly used for diagnosis and classifica-
tion of the severity of LUTS. The IPSS questionnaire
consists of seven items, each of which ranging from 0
(not at all) to 5 (almost all the time). The total score is
the sum of the seven questions ranging from 0 to 35.
The patients are classified according to IPSS score into
three groups: mild, 0–7; moderate, 8–19; and severe,
20–35 [1, 2].
Uroflowmetry is a non-invasive widely accessible inex-

pensive screening tool, used in the evaluation of men
with BPH, where urethral obstruction is very common
[10]. Maximum flow rate (Qmax) is the most valuable
parameter for prediction of bladder outlet obstruction
(BOO). In case of Qmax < 10 ml/s, the likelihood of BOO
is 90%, while if Qmax ranging 10–15 ml/s 67% and in
Qmax > 15 ml/s only 30% [11]. The diagnostic accur-
acy of uroflowmetry for detecting BOO varies consid-
erably. Therefore, it is limited as a diagnostic test as
it is unable to discriminate between the underlying
mechanisms [10].

Measurement of postvoid residual urine volume (PVR)
is another noninvasive screening test for evaluating void-
ing dysfunction. Most urologists agree that volumes of
50–100 ml establish the lower threshold defining abnor-
mal residual urine volume. Very large PVRs (> 300 ml)
may be associated with an increased risk of hydrone-
phrosis and renal function impairment [12].
MRI might be expensive in comparison to other im-

aging and urodynamic modalities, but the supreme soft-
tissue contrast resolution and accurate data that MRI can
provide lead to better treatment options for patients with
BPH-induced BOO. The aim of this study was to study
the relationship between MRI-based prostate measure-
ments and BPH-induced symptoms and findings parame-
ters including International Prostate Symptom Score
(IPSS), uroflowmetry, and postvoid residual urine (PVR).

Methods
We prospectively studied Middle Eastern men with LUTS
due to BPH; MRI prostate studies, medical records, Uroflow-
metry and fulfilled IPSS questionnaire data from 2017 to
2018. In all, 34 patients were recruited in the study. Informed
written consent was signed by all subjects to share in the
study after the explanation of its purposes. The study was ap-
proved by the Institutional Review Board of our hospital.
We excluded patients aged below 40 years, the pres-

ence of an indwelling urinary catheter, previous prostate
surgery or pelvic radiation, urethral stricture, prostate or
bladder cancer, neurogenic bladder disease, and patients
on medical treatment for BPH.

MRI protocol
MRI was performed using a 1.5 T body MRI system
(Magnetom Essenza, Siemens, and Erlangen, Germany)
and a pelvic phased-array coil. The applied MRI protocol
was revised to assure of its competence with the study
requirements.
MRI protocol consisted of non-contrast-enhanced T1-

weighted sequence obtained in the axial plane with repe-
tition time/echo time [TR/TE]; 430/12 ms, section thick-
ness; 3 mm; interslice gap; 0.75 mm, matrix size; 320 ×
216, field of view [FOV] of 280 × 227 mm, and scan
time; 4 min 0 s. T2-weighted sequence was also obtained
in the axial, coronal, and sagittal planes with repetition
time/echo time [TR/TE]; 3800/95 ms, section thickness;
3 mm, interslice gap; 0.75 mm, matrix size; 448 × 336,
field of view [FOV]; 280 × 320 mm and scan time; 3 min
0 s. Fat-suppressed non-contrast-enhanced T1-weighted
sequence [T1/FS] obtained in axial plane with repetition
time/echo time [TR/TE] 434/13 ms; section thickness 3
mm; interslice gap 0.75 mm; matrix size 384 × 288; field
of view [FOV] 350 × 262 mm; and scan time 4 min and
45 s. STIR-weighted sequence was also obtained in the
axial, coronal, and sagittal planes with repetition time/
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echo time [TR/TE] 3310/39 ms; section thickness 3 mm;
interslice gap 0.75 mm; matrix size 320 × 240; field of
view [FOV] of 280 × 227 mm and scan time 3 min and
7 s. Dynamic contrast-enhanced fat-suppressed T1-
weighted sequence [T1/FS+C] obtained in axial plane
with repetition time/echo time [TR/TE] 4.49/2.29 ms;
section thickness 3 mm; interslice gap 0.3 mm; matrix
size 320 × 240; field of view [FOV] of 350 × 307 mm;
and scan time 0 min and 16 s. DW MRI was obtained in
the axial plane with repetition time/echo time [TR/TE]
6000/92 ms; section thickness 4 mm; interslice gap 1
mm; matrix size 192 × 126; field of view [FOV] of 350 ×
280 mm; b values of 50, 400, and 800 s/mm2; and scan
time 4 min and 49 s. Apparent diffusion coefficient
(ADC) maps obtained in axial DW-MRI sequences
(b values = 50–400–800 s/mm2). MRI images were
reviewed and appropriate measurements were done
by the radiologist author with more than 15 years of
experience in MRI imaging.

Image analysis and calculations
T2-weighted images (WI) in axial, sagittal, and coronal
planes were reviewed on Syngo® MR D14 workstation.

T2-weighted images were used in our study, as the pros-
tatic parenchyma and zonal anatomy were best evaluated
on these images.
Prostate volume estimation was done using the El-

lipsoid Prostate Volume Formula. The ellipsoid model
is the original and de facto standard method of calcu-
lating the prostate volume. The greatest three dimen-
sions of the prostate on axial and coronal T2-
weighted MRI images were measured manually and
these measurements were used to determine the vol-
ume of the prostate using the ellipsoid formula:
(Total prostate volume (TPV) = anteroposterior ×
right-to-left × superoinferior × 0.52). The entire pros-
tate and the transition zone measurements obtained
to calculate the total prostate volume (TPV), transi-
tion zone volume (TZV), and transition zone (TZ)
index which was calculated by dividing the TZV by
TPV (Fig. 1) [13, 14].
Prostatic urethral angle (PUA) was measured on mid-

sagittal T2-weighted MR images, PUA was identified as
the acute angle between the proximal and distal pros-
tatic urethra (Fig. 2), similar to the methods published
previously [15, 16].

A B

DC

Fig. 1 Ellipsoid prostate volume measurement on axial and coronalT2-weighted MR images.a, b Total prostate volume (TPV) measurement.
a Axial T2 WI showing anteroposterior and right-to-left dimensions. b Coronal T2 WI showing superoinferior dimension of the entire prostate.
c, d Transition zone (TZ) volume (TZV) measurement. c Axial T2 WI showing anteroposterior and right-to-left dimensions. d Coronal T2 WI showing
superoinferior dimension of the transition zone (TZ) of the prostate
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Intravesical prostatic protrusion (IPP) was measured
on the midsagittal T2-weighted MR image, IPP was iden-
tified as the distance from the tip of the protruding pros-
tatic tissue perpendicular to the bladder circumference
at the prostate base (Fig. 2), similar to the methods de-
scribed in a previous study [17]. The degree of IPP was
classified as grade 0, no IPP; grade I, ≤ 5 mm; grade II, >
5–10 mm; and grade III, > 10 mm [17, 18].
The anterior fibromuscular stroma (AFMS) is a mus-

cular tissue that covers the entire ventral aspect of the
prostate and extends from the bladder neck as a con-
tinuation of the detrusor muscle, covers up to the pros-
tate apex, and consists of smooth muscle. The AFMS
distance was measured on midsagittal T2-weighted MR
image as supero-inferior distance extending from in-
ternal urethral orifice to the apex of the prostate along
the ventral aspect of the prostate (Fig. 2) [19].
BPH types were identified according to the MRI classi-

fication described by Wasserman et al. [8], BPH types
were identified on axial, sagittal, and coronal MR images.
BPH phenotypes (Fig. 3) are the following: type 0 BPH;
prostate volume ≤ 25 cm3 with no or little zonal enlarge-
ments, BPH type 1; bilateral transition zone (TZ) (lateral
lobe) enlargement, BPH type 2; retrourethral (median)

lobe enlargement, BPH type 3; bilateral transition zone
(TZ) and retrourethral enlargement, BPH type 4; solitary
or multiple pedunculated enlargement, BPH type 5; pe-
dunculated with bilateral transition zone (TZ) and/or
retrourethral enlargement, BPH type 6; subtrigonal or
ectopic enlargement, and BPH type 7; additional combi-
nations of zonal enlargements [8, 20].

Urological and laboratory parameters
IPSS questions were documented by patients in the out-
patient clinic. PVR was measured by transabdominal ultra-
sound following uroflowmetry and registered. Prostate-
specific antigen (PSA) results were also recorded including
total PSA, free PSA, and PSA free/total ratio. All patients
underwent urine analysis and culture to exclude any pos-
sible urinary tract infection.
Uroflowmetry results including maximum flow rate

(Qmax), voided volume, flow time, and voiding time, as
well as the shape of the curve, were registered. Uroflow-
metry parameters were evaluated with voided volume >
150 ml according to the EAU guidelines [10]. If the
voided volume is less than 150 ml, the test was repeated
the next day to confirm voided volume ≥ 150 ml. We
classified our patients into three groups according to

A B

C D
Fig. 2 Midsagittal T2-weighted MR images in different patients with BPH showing a The prostatic urethra (arrows). b Measurement of the prostatic
urethral angle (PUA) (curved arrow); the acute angle between the proximal prostatic urethra and the distal prostatic urethra. c Measurement of the
intravesical prostatic protrusion (IPP) (double-headed arrow). Retrourethral (median) lobe enlargement (R), transition zone (TZ), peripheral zone (PZ),
and prostatic urethra (arrows) are noted. d Measurement of the AFMS distance (double-headed arrow). Prostatic urethra (arrows) is noted
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maximum flow rate (Qmax) to generate three Qmax

grades: unobstructed flow (Qmax ˃ 15 ml/s), equivocal
flow (Qmax 10–15 ml/s), and obstructed flow (Qmax < 10
ml/s) [12].

Statistics
All descriptive data are shown as means and standard
deviation (SD), median, or numbers (%). Pearson correl-
ation coefficient (r) was measured between Qmax, Qmax

grades, IPSS, PVR, and the sex continuous MRI-derived
measurements; prostatic urethral angle (PUA), total
prostatic volume (TPV), transition zone volume (TZV),
transition zone (TZ) index (TZI), intravesical prostatic
protrusion (IPP), and the anterior fibromuscular stroma
(AFMS) distance.
Multiple linear regression analysis was calculated to

identify the correlations between Qmax, Qmax grades,
IPSS, PVR, and MRI parameters.
A one-way analysis of variance (ANOVA) calculated

to identify the correlations between MRI-based BPH
types and Qmax, Qmax grades, IPSS, and PVR.

Statistical significance was considered when p value
was less than 0.05. The statistical analysis was done
using the SPSS program version 25.0 (Chicago, IL,
USA).

Results
The patients’ mean age was 58 ± 8 years, (range from
43 to 73) and median age 58 years. Their mean PUA
was 57.5°± 9.62° (range, 45° to 81.4°), and median was
54.25°. The mean total prostate volume (TPV) was
46.8 ± 18.13 ml (range, 27 to 97.47 ml), and median
was 42 ml. The mean transition zone volume (TZV)
was 34.1 ± 10.3 ml (range, 21 to 62.97 ml), and me-
dian was 32 ml. The mean transition zone index
(TZI) was 0.75 ± 0.12 (range, 0.45 to 0.9), and me-
dian was 0.79. The mean anterior fibromuscular
stroma (AFMS) distance was 30.8 ± 7 mm (range,
19.7 to 49.5 mm), and median was 30.6 mm. The
mean intra-vesical prostatic protrusion (IPP) was 3.3
± 6.47 mm (range, 0 to 29.3 mm), and median was 0
mm. (Table 1).

A
B C

D E F

G

Fig. 3 BPH types are as follows: a type 0 BPH; normal prostate volume with no or little zonal enlargements. b Type 1 BPH; transition zone (TZ)
(lateral lobe) enlargement. c Type 2 BPH; retrourethral (median) lobe enlargement (R). d Type 3 BPH; transition zone (TZ) and retrourethral zone
(R) enlargement. e Type 4 BPH; pedunculated adenoma. f Type 5 BPH; pedunculated adenoma with transition zone (TZ) enlargement. g Type 6
BPH; subtrigonal enlargement. B, bladder; ED, ejaculatory duct; FMZ, fibromuscular zone; R, retrourethral (median) lobe; T, trigone; U, urethra; PZ,
peripheral zone; TZ, transitional zone; CZ, central zone; P, pedunculated adenoma; ST, subtrigonal hyperplasia
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The mean maximum flow rate (Qmax) was 18 ±
8.24 ml/s (range, 3.7 to 32 ml/s), and median was
15.25 ml/s. The mean International Prostate Symptom
Score (IPSS) score was 12.7 ± 7.76 (range, 5 to 30)
and median was 9.5. The mean postvoid residual
urine (PVR) was 69.8 ± 63 ml (range, 5 to 240 ml),
and median was 53 ml. The mean total PSA was 3.1
± 2.74 ng/ml (range, 0.34 to 8.94 ng/ml), and median
was 2.1 ng/ml. (Table 1).
Qmax grades were normal flow in 17 patients (50%),

borderline flow in 12 patients (35.3%), and obstructed
flow in 5 patients (14.7%). IPP grades were grade 0 in 23
patients (67.6%), grade 1 in 4 patients (11.8%), grade 2 in
3 patients (8.8%), and grade 3 in 4 patients (11.8%).
The maximum flow rate (Qmax) was significantly cor-

related with the MRI-derived measurements including
TPV, TZV, TZI, and IPP (Table 2). TPV (p = 0.013),
TZV (p = 0.016), TZI (p = 0.016), and IPP (p = 0.014).

There was a significant correlation of Qmax grades with
the following MRI-derived measurements: TPV, TZV,
TZI, and IPP (Table 2). TPV (p = 0.001), TZV (p ≤
0.001), TZI (p = 0.023), and IPP (p = 0.009).
Notably, there was a significant correlation of IPSS

with the following MRI-derived measurements: TPV,
TZV, TZI, IPP, and AFMS distance (Table 2). TPV (p ≤
0.001), TZV (p ≤ 0.001), TZI (p = 0.015), IPP (p ≤
0.001), and AFMS distance (p = 0.027).
The postvoid residual urine (PVR) was significantly

correlated with the following MRI-derived measure-
ments: PUA, TPV, TZV, TZI, IPP, and AFMS distance
(Table 2). PUA (p = 0.032), TPV (p ≤ 0.001), TZV (p =
0.001), TZI (p = 0.011), IPP (p ≤ 0.001), and AFMS dis-
tance (p = 0.026).
There was no significant correlation between the max-

imum flow rate (Qmax), Qmax grades, and IPSS with
PUA. Also, there was no significant correlation between
the maximum flow rate (Qmax) and Qmax grades with
AFMS distance (Table 2).
Parameters for multiple linear regression of maximum

flow rate (Qmax), Qmax grades, IPSS, and postvoid residual
urine (PVR) are presented in (Table 3). Only TPV, TZV,
and TZI were found to be predictors of IPSS (p = 0.015,
0.005, and 0.011 respectively). TZV and TZI were found
to be predictors of Qmax grades (p = 0.02 and 0.037 re-
spectively. IPP was the only predictors of PVR (p = 0.023).
BPH types on MRI were as follows: type 0 (n = 0), type

1 (n = 18) (Fig. 4), type 2 (n = 0), type 3 (n = 13) (Fig. 5),
type 4 (n = 0), type 5 (n = 3) (Figs. 6 and 7), type 6 (n =
0), and type 7 (n = 0). Our results revealed a significant
correlation between MRI-based BPH types with Qmax

(p = 0.016), Qmax grades (p = 0.033), IPSS (p =
0.013), and PVR (p = 0.001), in one-way analysis of
variance (ANOVA) analysis.

Discussion
BPH develops as non-malignant growth of the prostate
gland, very commonly observed in aging men. BPH

Table 1 Mean ± SD, range and median values of age, PUA, TPV,
TZV, TZI, AFMS distance, IPP, Qmax, IPSS, and total PSA

Mean ± SD Range Median

Age (years) 58 ± 8 43–73 58

PUA (°) 57.5 ± 9.62 45–81.4 54.25

TPV (ml) 46.8 ± 18.13 27–97.47 42

TZV (ml) 34.1 ± 10.3 21–62.97 32

TZI 0.75 ± 0.12 0.45–0.9 0.79

AFMS distance (mm) 30.8 ± 7 19.7–49.5 30.6

IPP (mm) 3.3 ± 6.47 0–29.3 0

Qmax (ml/s) 18 ± 8.24 3.7–32 15.25

IPSS score 12.7 ± 7.76 5–30 9.5

PVR (ml) 69.8 ± 63 5–240 53

Total PSA (ng/ml) 3.1 ± 2.74 0.34–8.94 2.1

PUA prostatic urethral angle; TPV total prostate volume; TZV transition zone
volume; TZI transition zone index; IPP intravesical prostatic protrusion; AFMS
anterior fibromuscular stroma; Qmax maximum flow rate; IPSS International
Prostate Symptom Score; PVR postvoid residual urine; PSA prostatic
specific antigen

Table 2 Pearson correlation coefficients (r) between Qmax, Qmax grades, IPSS, PVR and PUA, TPV, TZV, TZI, IPP, AFMS distance

PUA TPV TZV TZI IPP AFMS distance

Qmax r − 0.094 − 0.420 − 0.408 0.446 − 0.415 − 0.286

p 0.5964 0.0133* 0.0167* 0.01605* 0.0147* 0.1010

Qmax grades r 0.157 0.523 0.554 − 0.511 0.437 0.289

p 0.3750 0.0015* 0.0007* 0.02317* 0.0098* 0.0971

IPSS r 0.209 0.590 0.617 − 0.551 0.543 0.379

p 0.2360 0.0002* 0.0001* 0.01513* 0.0009* 0.0272*

PVR r 0.367 0.569 0.531 − 0.576 0.694 0.381

p 0.0328* 0.0004* 0.0012* 0.01146* < 0.0001* 0.0261*

PUA prostatic urethral angle; TPV total prostate volume; TZV transition zone volume; TZI transition zone index; IPP intravesical prostatic protrusion; AFMS anterior
fibromuscular stroma; Qmax maximum flow rate; PVR postvoid residual urine; IPSS International Prostate Symptom Score
Statistical significance (p values with asterisk) was considered at the critical level of 0.05
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occurs as an age-related phenomenon in nearly all men,
starting to develop after the age of 40 years. BPH is
troublesome to patients when it is combined with lower
urinary tract symptoms (LUTS) [21].
MRI is a commonly used imaging modality for diagno-

sis and follow-up of patients with prostate cancer, but
using MRI in the assessment of BPH patients still has
limited value. This research has been conducted to in-
vestigate the role of MRI in assessing BPH and related
symptoms. Statistical analysis and results demonstrated
that different MRI measurements of the prostate includ-
ing PUA, TPV, TZV, TZ index, IPP, and AFMS distance
showed significant correlation with maximum flow rate
(Qmax), Qmax grades, IPSS, and PVR.
In our study, we found a strong significant correlation

between TZV, TZI, TPV, and IPSS to Qmax, Qmax grades,
and PVR; however, in multiple linear regression analysis,
all of them were found to be a significant parameter for
IPSS. Also, our study showed a strong correlation be-
tween AFMS distance and IPP with IPSS and PVR; how-
ever, in a multiple linear regression model, only IPP was
identified to be a significant parameter for PVR.
The relationship between TZV and TPV as regards

the IPSS was controversial. Guneyli et al. [2] described a
significant correlation between TZV and TPV with IPSS.
However, Kaplan et al. [14] described a stronger correl-
ation between TZV and IPSS and a weak correlation be-
tween TPV and IPSS. Kaplan et al. [14] also found a

significant correlation between TZI and IPSS. A TZI ≥ 0.5
was correlated with IPSS. Notably, Kurita et al. [22] mea-
sured TZI on TRUS and demonstrated that TZI was a sig-
nificant predictor for IPSS, and TZI was a predictor of
acute urinary retention (AUR) in BPH patients when TZI
≥ 0.65. However, there are few studies reported no rela-
tionship between either the TZV or TZI and IPSS mea-
sured on TRUS [1, 23]. Our data confirmed a significant
correlation between TZV, TPV, TZI, and IPSS.
We acknowledge that some of the dilemmas in the lit-

erature may rise from the inaccurate prostate volume
measured on TRUS. TRUS is an operator-dependent im-
aging modality, together with the irregular contours of
an enlarged prostate, limit the accuracy of prostate vol-
ume measurements [24]. MRI proved to be a more reli-
able method in determining prostate volumes than
TRUS [13].
Intravesical prostatic protrusion (IPP) is a protru-

sion of the prostate into the bladder as a result of
prostatic enlargement. IPP is a valuable predictor for
evaluating BOO. IPP leads to ball-valve type of BOO
and inhibition of the funnel effect of the bladder neck
at urination [25, 26]. Chia et al. [18] stated that
powerful bladder contraction opens the canal between
the lateral prostate lobes, but exaggerates the ball and
valve effect of IPP, which induces more BOO.
The relationship between the BPH-related findings

and IPP was stated before based on TRUS findings

Table 3 Parameters for multiple linear regression between Qmax, Qmax grades, IPSS, PVR and age, PUA, TPV, TZV, TZI, IPP, AFMS distance

Age PUA TPV TZV TZI IPP AFMS distance

Qmax p 0.783 0.533 0.218 0.176 0.206 0.482 0.823

Qmax grades p 0.372 0.835 0.058 0.020* 0.037* 0.235 0.562

IPSS p 0.215 0.776 0.015* 0.005* 0.011* 0.060 0.944

PVR p 0.484 0.384 0.579 0.453 0.637 0.023* 0.539

PUA prostatic urethral angle; TPV total prostate volume; TZV transition zone volume; TZI transition zone index; IPP intravesical prostatic protrusion; AFMS anterior
fibromuscular stroma; Qmax maximum flow rate; PVR postvoid residual urine; IPSS International Prostate Symptom Score
Statistical significance (p values with asterisk) was considered at the critical level of 0.05

A B

Fig. 4 Sixty-two years old man with type 1 BPH. a Axial T2 WI showing bilateral transition zone (TZ) enlargement. Peripheral zone (PZ) is noted. b
Sagittal T2 WI showing transition zone (TZ) enlargement displacing the prostatic urethra posteriorly (arrows). No retrourethral enlargement.
Peripheral zone (PZ) is noted
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[1, 27]. Similar to these TRUS studies, our study
demonstrated a significant correlation of MRI-based
IPP measurement with all of the parameters studied;
Qmax, Qmax grades, PVR, and IPSS. Notably, in multi-
linear regression analysis, IPP was an independent
predictor for PVR only.
Nishio et al. [19] reported shortening of the AFMS dis-

tance before beginning of the voiding process. The per-
cent contraction of the AFMS from before voiding to
just before initiation of voiding was 11% in the normal
voiding group and 1% in the voiding dysfunction group
(p < 0.05). Hocaoglu et al. [28, 29] documented short-
ening of the AFMS distance during voiding process
than that before voiding in their real-time MRI stud-
ies (rtMRI). In our study, we found that the AFMS
distance was significantly longer in patients with
higher PVR and IPSS.
Only a few studies reported the correlation between

the IPSS and PUA. Park et al [1] found that higher PUA
≥ 34° was significantly correlated with IPSS in BPH pa-
tients. In contrast to this study, Guneyli et al. [2] stated

that PUA had no significant correlation with IPSS, which
is in line with our findings.
In our study, PUA was highly significant and corre-

lated with PVR, but PUA had no significant correl-
ation with Qmax and Qmax grades. In contrast to our
results, Cho et al. [15], using the fluid dynamic model
and mathematical simulations, reported that PUA is
inversely correlated with maximum flow rate (Qmax).
This controversy could be attributed to the criteria of
patients in Cho et al. [15] study. In the study by Cho
et al. [15], patients were healthy men (aged 50–59
years, prostate volume 30 ml, and Qmax 15 ml/s) with
no evidence of BOO.
Our results revealed a significant correlation between

MRI-based BPH types with Qmax, Qmax grades, IPSS, and
PVR. In contrast to our study, Guneyli et al. [2] reported
that there was no correlation between MRI-based BPH
types and IPSS.
Our study has several limitations. It is a study with

a relatively small sample size. The final histology-
pathology results for all of the patients in our study were

A B

Fig. 5 Sixty-nine years old man with type 3 BPH. a Axial T2 WI showing bilateral transition zone (TZ) (lateral lobe) enlargement. Peripheral zone
(PZ) is noted. b Sagittal T2 WI showing transition zone (TZ) and retrourethral (median) lobe enlargement (R). Peripheral zone (PZ) is noted

A B

Fig. 6 Sixty-three years old man type 5 BPH. a Axial T2 WI showing bilateral transition zone (TZ) (lateral lobe) enlargement. Peripheral zone (PZ) is
noted. b Sagittal T2 WI showing pedunculated enlargement (red arrow) protruding into the bladder base. No retrourethral (median) lobe enlargement
along the posterior aspect of the prostatic urethra (arrows)
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not available. However, to our knowledge, this is the
first study among Middle Eastern men and a unique
study that investigates MRI-derived prostatic measure-
ments with uroflowmetry and PVR, as two well-
known parameters accepted as diagnostic tools for
BPH and BOO evaluation.

Conclusion
We identified several MRI-based prostate measurements
(TPV, TZV, TZI, IPP, PUA, and AFMS distance) correl-
ating significantly with the IPSS, Qmax, Qmax grades, and
PVR. MRI is a useful non-invasive imaging modality for
describing the anatomy and clinical parameters of the
prostate in patients with BPH. MRI can lead to better
comprehension and enhanced treatment choice of pa-
tients with BPH.
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