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ABSTRACT
Objective: To compare the shear wave elastography (SWE) values of perineal tissues in female patients with stress urinary
incontinence and those without incontinence.
Study Design: Prospective case control study.
Place and Duration of Study: University of Health Sciences, Adana City Training and Research Hospital, Adana, Turkey from
March 2019 to March 2020.
Methodology: Seventy women with stress urinary incontinence ranging between 40–70 years; and 30 women of similar age
and weight without complaints of incontinence were selected as cases and control group, respectively. SWE values of the
external urethral sphincter, bladder neck, mid-urethral and pubococcygeal muscle regions were measured dynamically, both at
rest and during Valsalva manoeuver by transperineal ultrasonography. Moreover, the medial pubic symphysis of the partici-
pants  was  taken  as  a  fixed  point  and  the  angle  between  the  bladder  neck  and  urethra  was  measured  at  rest  and  during
Valsalva. Patients with incontinence were divided into groups, mild and severe, according to the bladder stress test results.
Results:  The  angle  change  was  statistically  significantly  higher  in  the  severe  and  mild  groups  than  the  control  group  (p
<0.001).  There  was  no  statistically  significant  difference  between  the  bladder  neck  region  elastography  values  in  Valsalva
manoeuver between the control group and the mild group, but the difference in the severe group was statistically significantly
lower (p = 0.005). No statistically significant difference was found between the control group and the mild group in terms of the
mid-urethral region values at rest, but the difference in the severe group was statistically significantly lower (p ˂0.001).
Conclusion: SWE is a promising new imaging method in the evaluation of urethral hypermobility in stress urinary incontinence.
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INTRODUCTION

Urinary incontinence is a medical condition with social issues.
Its prevalence has been reported to be approximately 5.9 –
6.7%.1 Continence occurs through the complex mechanism of
normal  anatomical  and  neurophysiological  functions  of  the
bladder, urethra and pelvic floor.2 Bladder and bladder neck
support is mainly ensured by passive support of the anterior
vaginal wall and active support of the levator ani muscles. More-
over, the levator ani is a striated muscle consisting of a thin layer
of iliococcygeus in the lateral and the puborectal and pubococ-
cygeus muscle groups in the medial.3
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Bladder neck closure occurs as a result of compression of the
bladder neck to the pubovesical ligament in the normal retrop-
ubic  position.  It  has  been  reported  that  deterioration  and
damage in the tissues that provide bladder neck support are
associated with stress urinary incontinence (SUI).4 Additionally,
it has been found that, in the periurethral connective tissues of
women with SUI, collagen metabolism changes and collagen
expression decrease significantly.5

The degree of anatomic displacement in the bladder neck has
been evaluated using a variety of methods, such as digital exam-
ination, the Q-tip test and transvaginal or transperineal ultra-
sonography. Among these methods, transperineal ultrasonog-
raphy  has  been  employed  more  frequently  in  recent  years
because it enables dynamic evaluation of tissues, it is easy to
apply, it does not use radiation, and it does not cause applica-
tion difficulties for patients.6,7

The evaluation of the pelvic floor with transperineal ultrasound
can be done dynamically, so that in cases where intraabdominal
pressure increases,  anatomical  displacement in  the bladder
neck can be easily monitored if the practitioner is experienced
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in  imaging;  and objective  data  can  be  provided for  bladder
displacement.8,9

Shear wave elastography (SWE) is a new imaging method and
one  of  the  types  of  ultrasound  elastography  that  provides
dynamic evaluation of tissue elasticity and stiffness. Although
relatively more studies have been conducted on the differentia-
tion of liver cirrhosis, malignancy in breast and thyroid masses
and  adenomyosis-leiomyoma  in  the  uterus,  only  a  limited
number of studies have investigated its use in assessment of
the pelvic floor.10-13

To the best of authors’ knowledge, no previous study has investi-
gated SWE in SUI. In the present study, it is aimed to compare
the SWE values of  perineal  tissues in   women with SUI  and
women without incontinence to investigate whether there is a
difference between tissues and to determine if this method can
aid in diagnosis.

METHODOLOGY

The study was planned as a prospective, case-control study.
Ethics  Committee  approval  (Date:  27/02/2019,  Number:
29/399) for the study was obtained from the Research Hospi-
tal’s Ethics Committee. Female patients, who were admitted to
the Research Hospital’s Gynaecology and Urology outpatient
clinics between March 2019 and March 2020 due to urinary
incontinence, were evaluated for the study. The patients were
evaluated using a urinary incontinence, evaluation form, phys-
ical examination and bladder stress test. Patients between the
ages of 40 – 70 years, who had a positive bladder stress test, had
urinary  incontinence  with  movements,  such  as  cough  and
sneezing, for at least one year and had no urgency complaints,
were included in the study. Thirty female patients of similar age
and weight without complaints of incontinence, who agreed to
be included in the study, were selected as the control group. All
the women, who agreed to participate in the study, signed an
informed consent form. Patients with chronic diseases, such as
diabetes mellitus, heart failure, multiple sclerosis, using drugs
that affect the bladder function, such as diuretic and anticholin-
ergic  usage,  and those who previously had bladder surgery
were excluded from the study.

The external urethral region, bladder neck, mid-urethral and
pubococcygeal  muscle  region  SWE  values  were  measured
dynamically both at rest and during Valsalva manoeuvers by
transperineal ultrasonography in 70 female patients with SUI,
and in 30 women without incontinence in the control  group
(Figure 1). The pubic symphysis was taken as a fixed point in
mid-sagittal imaging, the angle between the bladder neck; and
urethra was measured at rest and during Valsalva manoeuvers
in each participants (Figure 1).

Transperineal ultrasonography was performed using the EPIQ 7
high-resolution ultrasonography device (Philips Healthcare, Inc.,
Andover, MA, USA) with a C5-1 16 MHz high-resolution convex
probe in the puborectal-symphysis plane at rest and during the
Valsalva manoeuvers (Figure 2). SWE was evaluated in the study
subjects  using  the  same  transabdominal  convex  ultrasonog-

raphy probe mentioned above with ElastPQ software based on
acoustic  radiation  force  impulse  (ARFI)  technology  and
employing  the  ElastPQ  technique  in  the  lithotomy  position
measured with the transperineal approach. ElastPQ  is  a  point 
shear  wave  elastography  (pSWE)  technique  implemented  in 
the  ultrasound  systems  of  the Philips  Healthcare. ElastPQ is
an easy-to-use method of obtaining tissue stiffness values on a
predefined region of interest (ROI). Using real-time imaging as a
guide, the ROI is placed over the area of interest so the tissue stiff-
ness  data  are  obtained  and  displayed  in  seconds.  Multiple
samples can be recorded and targetted tissue report  can be
generated from the results. During ultrasonography imaging,
the least possible pressure was applied with the probe. Measure-
ment was ensured with the initial specification of a target (ROI)
on a conventional ultrasound image. The ROI was placed and
measured  separately  for  each  of  the  bladder  neck,  external
urethral  sphincter,  pubococcygeus  muscle  region,  and  mid-
urethral regions. In this SWE analysis, the continuous ROI box
size was 13×10 mm2. The results are stated as kilopascal (kPa). In
addition, the angle between the bladder neck and urethra in the
same position was measured by gray-scale ultrasonography.

Figure 1: (a) Measurement of the symphysis-bladder/urethra angle with
transperineal ultrasonography; (b) Shear wave elastography measure-
ment of the bladder neck region at rest; (c) Shear wave elastography
measurement of bladder neck region during valsalva; (d) Shear wave elas-
tography measurement of mid-urethral region at rest.

All the sonographic and elastographic evaluations were done by
the same radiologist (FFG). The radiologist was blinded to the
anamnesis and the physical examination results of the partici-
pants.

The patients with incontinence were divided into a mild inconti-
nence group and a severe incontinence group, according to the
bladder stress test result. The elastography and pubic  symphy-
sis-bladder neck/urethra angle values were compared between
the mild incontinence, severe incontinence and control groups.

Data were given as mean ± S.D or median (IQR: 25th percen-
tile-75th percentile). Normality control of the continuous vari-
ables was evaluated using the Shapiro-Wilk test. Levene’s test
was used to examine the homogeneity of the variances in the vari-
ables suitable for normal distribution. In the variables, where the
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variances  were  not  homogeneously  distributed,  differences
between the groups were determined using the Brown Forsythe
test; Tamhane was used as a post hoc test. The one-way ANOVA
test was used for the variables with homogeneous variances
were homogeneous.  The difference between the groups was
compared with the Kruskal-Wallis test for the variables that did
not conform to normal distribution. Pearson’s correlation coeffi-
cient  was  calculated  when  examining  the  linear  relationship
between the two continuous variables; receiver operating char-
acteristic (ROC) analysis was utilised to define the cut-off point
for the bladder neck region elastography value (kPa) between
the patient groups and the control group. P-values <0.05 were
considered statistically significant. SPSS version 21 and MedCalc
Software were used for the data analysis.

Figure 2: ROC analysis result for the bladder neck region elastography
value in the stress urinary incontinence groups and the control group.

RESULTS
A total of 85 patients with SUI agreed to be included in the study.
Fifteen patients were excluded due to diabetes mellitus, use of
diuretics, or previous bladder surgery. The baseline characteris-
tics of the patients are shown in Table I. No statistically significant
difference was found between the two patient groups in terms of
age in comparison to the control group, but the average age was
higher in the severe incontinence group than the mild inconti-
nence group (p = 0.006, Table I). Parity was higher in the severe
and mild incontinence groups than the control group (p <0.001,
Table I).

The groups’ mean ± SD values of pubic symphysis-bladder neck-
/urethra (PS-BN/U) angle (rest), PS-BN/U angle (Valsalva), angle
difference between rest and Valsalva, bladder neck region elas-
tography  (BNR-E  in  kPa  at  rest,  BNR-E  in  kPa  with  Valsalva,
external urethral region elastography (EUR-E) at rest and withVal-
salva,  mid-urethral  region  elastography  (MUR-E)  at  rest  and
pubococcygeal muscle region elastography (PCR-E) at rest are
shown in Table II.

There was no significant difference between the severe and
mild incontinence groups in terms of angle change, but the
angle change was statistically significant in the severe and mild
incontinence groups higher than the control group (p <0.001,
Table  II).  There  was  no  statistically  significant  difference
between the BNR-E values during Valsalva between the control
and mild incontinence groups, but the difference in the severe
incontinence group was statistically  significantly  lower  (p  =
0.005, Table II). There was no statistically significant difference
between the control group and the mild incontinence group in
terms of the MUR-E values at rest, but the difference in the
severe incontinence group was statistically significantly lower
(p <0.001, Table II).

Moreover,  when comparing the  incontinent  groups  with  the
non-incontinent group, the correlation between BNR-E, MUR-E
with PS-BN/U angle and angle difference was examined at rest
and during Valsalva. A statistically significant correlation was
found  between  the  PS-BN/U  angle  with  BNR-E  (rest  and
Valsalva) and MUR-E (rest) values in the incontinent patient
group (p <0.001, Table III). It was observed that, as the angle
and  angle  difference  increased,  the  elastography  values
decreased in these regions (Table III).

ROC analysis was performed for the use of SWE in the evaluation
of bladder neck hypermobility in SUI. The cut-off was deter-
mined as ≤7.04 kPa in the differentiation of SUI from the control
group. According to this value, the sensitivity was 55.7% (95%
confidence  interval  [CI]:  [43.3–67.6]),  specificity  was  100%
(95% CI: [88.4–100.0]); AUC = 0.803 [95% CI: 0.71–0.87], p
<0.001, Figure 3).

Figure 3: Transducer placement for transperineal ultrasonography.

DISCUSSION

This study results demonstrated that the use of SWE in SUI can
be a helpful contribution to the diagnosis. To the best of authors’
knowledge, this is the first study in which the urethral, peri-
urethral  and coccygeal  muscle regions were evaluated with
SWE in SUI, and compared with the control group.
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Table I: Baseline characteristics of the three groups.

 
Control Mild Severe

pMean ± SD
Median [IQR]

Mean ± SD
Median [IQR]

Mean ± SD
Median [IQR]

Age 61 ± 8.87 [65] 57.63 ± 8.4 [58] 64.18 ± 5.32 [65]b 0.006*
BMI 28.59 ± 4.06 29.03 ± 4.06 27.9 ± 3.06 0.528
Parity 2.5 ± 1.04.     2.5 [2-3] 3.4 ± 1.09 [3]a 4.45 ± 1.87 [5]a <0.001*
SD: Standard deviation, BMI: Body mass ındex, p: One-way ANOVA *Kruskal-wallis test, a: Difference from control group, b: Difference from mild incontinence
group (p <0.05).

Table II: Angle and elastography values at rest and during Valsalva among the three groups.

 
Control
(n=30)

Mild
(n=48)

Severe
(n=22) p

Mean ± SD Mean ± SD Mean ± SD

PS-BN/U angle (degree,◦) (rest) 45.27 ± 4.18 58.71 ± 7.21 a 68.05 ± 6.18 ab <0.001

PS-BN/U angle (degree,◦) (valsalva) 55.47 ± 5.39 79.19 ± 10.01 a 87.91 ± 8.11 ab <0.001

AD (valsalva-rest) (degree,◦) 10.23 ± 2.33 20.56 ± 7.19 a 19.91 ± 5.69 a <0.001

BNR-E value (kPa) (rest) 11.96 ± 3.42 8.82 ± 3.95 a 2.54 ± 0.95 ab <0.001

BNR-E value (kPa) (valsalva) 3.36 ± 2.24 2.90 ± 1.41 1.81 ± 1.12 ab 0.005

EUR-E value (kPa) (rest) 11.41 ± 2.74 8.87 ± 3.67 a 4.65 ± 1.86 ab <0.001

EUR-E value (kPa) (valsalva) 10.1 ± 2.76 8.13 ± 3.53 a 4.32 ± 2 ab <0.001

MUR-E value (kPa) (rest) 12.47 ± 4.53 12.05 ± 4.39 6.27 ± 2.17 ab <0.001

PCMR-E value (kPa) (rest) 10.06 ± 2.88 10.58 ± 3.86 6.49 ± 1.96 ab <0.001

SD: Standard deviation, SP-U/B Angle: Pubic symphysis-bladder neck/urethra angle, AD: Angle difference between rest and Valsalva, BNR-E: Bladder neck
region elastography, EUR-E: External urethral region elastography, MUR-E: Mid-urethral region elastography, PCMR-E: Pubococcygeal muscle region
elastography, p: Brown Forsythe test, a: Difference from control group, b: Difference from mild incontinence group (p < 0.05).

Table III: Pearson’s correlation results for the relationships between the pubic symphysis-bladder neck/urethra angle and elastography values
in the stress urinary incontinence groups and the control group.

Patients
Control

PS-BN/U
Angle (V)

AD
(V-R)

BNR-E
value (R)

MUR-E
value (R)

BNR-E
value (V)

PS-BN/U angle (V)
r  0.656 -0.520 -0.364 -0.343
p  <0.001 0.003 0.048 0.063

AD (V-R)
r 0.606  -0.761 -0.742 -0.467
p <0.001  <0.001 <0.001 0.009

BNR-E value (R)
r -0.536 -0.768  0.473 0.489
p <0.001 <0.001  0.008 0.006

BNR-E value (V)
r -0.559 -0.793 0.941 0.718  
p <0.001 <0.001 <0.001 <0.001  

MUR-E value (R)
r -0.537 -0.578 0.779  0.261
p <0.001 <0.001 <0.001  0.164

Al-Saadi et al.  evaluated the angle between the proximal
urethra  and  pubic  symphysis  of  patients  with  SUI.  They
found  that  this  angle  increased  in  patients  with  urinary
incontinence.8

 The findings of this study are consistent with those results.
There  was  a  correlation  between  the  angle  difference  with
the  resting  BNR-E  and  MUR-E  values  (kPa).  It  was  also

found  that  as  the  angle  difference  increased,  the  elastog-
raphy values decreased.

When elastography is  performed,  objective  data  can be
obtained in addition to ultrasonographic anatomical evalua-
tion  regarding  tissue  elasticity  and  stiffness.  Elastography
research  on  pelvic  floor  diseases  is  extremely  scarce.  A
limited number of studies have evaluated pelvic floor struc-
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tures,  such  as  levator  ani,  urethral  sphincter  or  anal
sphincter muscles; and it has been stated that more studies
are needed on this subject.9,14

Kreutzkamp et al. evaluated patients with incontinence using
strain elastography; they reported that the elasticity of the
tissues  of  patients  differed,  and  as  the  elastography  rates
decreased,  the  urethral  mobility  increased.15  This  study
results  are  also  consistent  with  those  findings.  However,  in
that study, the patients were not separated according to their
incontinence types and the patients with signs of urge inconti-
nence were also included in that study. This factor may have
affected the study results for SUI, where tissue elasticity may
be much more important.  Furthermore,  this  condition was
specified as a limitation for their study, so we tried to prevent
this limitation by distinguishing the type of incontinence as
urge and stress at the beginning of this study. In addition, in
this study, the SWE (kPa) values of the mild incontinence and
severe  incontinence  groups  and  the  control  group  were
compared.  A  statistically  significant  difference  was  found
between all three groups in terms of the SWE (kPa) values of
the bladder neck region (p ˂ 0.001). Moreover, the SWE cut-
off value of the bladder neck region was found ≤ 7.04 kPa in
the diagnosis of SUI and at this value  SUI detection sensi-
tivity was 55%, specificity was 100% (AUC=0.803, p<0.001).

In this study, SWE was used, which is a dynamic method,
without applying pressure. There was only one study  in the
literature that had evaluated female urogenital sphincter with
SWE. That pilot study was conducted on 10 women without
incontinence,  using  SWE  technique  in  the  urogenital
sphincter.16

Pavlov et al. reported that the amount of type 4 collagen in
the vaginal and perineal tissues of patients with SUI is signifi-
cantly reduced and it may affect physiopathology.17

In this study, data was obtained based on bladder displace-
ment and the elasticity and stiffness of periurethral tissues in
a dynamic, non-invasive manner without pathological evalua-
tion and without applying pressure using SWE.

A  study  comparing  the  pelvic  trauma index  after  vaginal
delivery  and  Caesarean  delivery  with  strain  elastography
reported  that  the  trauma  index  was  higher  after  vaginal
delivery.18 In this study, one of the baseline characteristics,
and  the  number  of  parities,  were  statistically  significantly
higher in patients with severe incontinence. In this respect,
the statistically lower SWE (kPa) values on the bladder neck,
mid-urethral and pubococcygeal muscle regions (p <0.001) in
the  present  study  are  consistent  with  the  results  of  that
study.18

Given that the muscle boundaries are not separated sharply
at  rest  and  during  Valsalva,  it  is  difficult  to  assess  specific
areas  of  the  pelvic  floor.  This  situation  becomes  more
pronounced during Valsalva, and it may be considered to be
a limitation of this study. Another limitation is that there

may  be  changes  in  the  values  at  different  Valsalva  pres-
sures. However, since SWE gives more quantitative results,
repeatability is the advantage of this method.

CONCLUSION

SWE is a promising new imaging modality that can provide
rapid diagnosis in the evaluation of urethral hypermobility,
which associated with anatomical stress urinary incontinence
pathophysiology. SWE can also be used to identify patients
who  need  treatment  for  SUI  and  follow-up  examinations.
Studies with larger patient groups are needed to achieve stan-
dardisation and to establish cut-off values in the diagnosis of
SUI.
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