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Abstract
Aim: In polycystic ovarian syndrome, the ovaries become stiffer due to chronic anovulation. We 
aimed to compare tissue elasticity in terms of shear wave velocities measured using acoustic radia-
tion force impulse imaging technique between the ovaries of polycystic ovarian syndrome women 
and non-polycystic ovarian syndrome women. Material and methods: The study was designed 
as a retrospective data analysis of women who underwent transvaginal ultrasound and acoustic 
radiation force impulse imaging in a university hospital between July 2014 and March 2015, for 
various reasons. There were 32 polycystic ovarian syndrome patients and 32 patients without 
a diagnosis of polycystic ovarian syndrome. Age, body mass index, fasting glucose levels, cycle 
day 3 follicle stimulating hormone, luteinizing hormone, thyroid stimulating hormone, prolactin, 
antimullerian hormone levels, and menstrual patterns with clinical hyperandrogenism were evalu-
ated. On the menstrual cycle days 2–4, by performing a transvaginal ultrasound scan, the ovarian 
volumes and antral follicle counts in both ovaries were recorded for each woman. The ultrasound 
system was converted into the elastography mode, and acoustic radiation force impulse imaging 
was performed. Shear wave velocity (m/sec) was measured at least 5 times for each ovary, and the 
mean value was calculated for each polycystic ovarian syndrome and non-polycystic ovarian syn-
drome woman. Results: Age, body mass index, fasting glucose levels, cycle day 3 follicle stimulating 
hormone, luteinizing hormone, thyroid stimulating hormone, and prolactin levels were similar 
between the groups (p >0,05). Antimullerian hormone levels, antral follicle counts, and mean ovar-
ian volumes were statistically different between the groups (p <0,05). Mean shear wave velocity 
values for both ovaries were 2.12 ± 0.82 (0.78–4.9) m/sec in the polycystic ovarian syndrome group, 
and 1.18 ± 0.41 (0.77–2.0) m/sec in the non-polycystic ovarian syndrome group, which was statis-
tically significantly different (p = 0.016). Conclusion: In our study, we found significantly higher 
shear wave velocity levels in polycystic ovarian syndrome women than non-polycystic ovarian syn-
drome women, which indicates an impact of the condition on shear wave velocity. The increased 
acoustic frequencies cause a decreased response in time to transition, and motion becomes out of 
phase; in other words, scattered waves are faster in stiffer ovaries. Our results are thus compat-
ible with the pathophysiology of the disease. Shear wave velocity is a beneficial tool for evaluat-
ing ovarian elasticity in polycystic ovarian syndrome patients in whom the levels are found to be 
significantly higher than non-polycystic ovarian syndrome women. In light of these findings, shear 
wave velocity is expected to be slower than polycystic ovarian syndrome levels in ovulatory women.
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Introduction

Elastography is a useful tool providing information on tis-
sues by converting stiffness values into an anatomically sig-
nificant map. Sonoelastography is an ultrasound (US) imag-
ing technique. When the tissue is harder, the sound waves 
move faster, and their speed provides information about tis-
sue hardness(1). Both qualitative and quantitative types of 
elastography are available. Acoustic radiation force impulse 
imaging (ARFI) is a recently developed noninvasive dynamic 
tissue imaging technique of quantitative elastography. ARFI 
correlates tissue flexibility with conventional gray-scale 
images obtained by US. Shear wave velocity (SWV) is mea-
sured by ARFI to establish the stiffness of tissues in meters 
per seconds (m/sec). With gradually increasing acoustic fre-
quencies, tissues fail to respond in time to the transitions 
between positive and negative pressures, and the motion 
becomes out of phase with the acoustic wave frequency. 
As a result, energy is deposited in the tissues, which causes 
momentum transfer and an increase in tissue temperature. 
The resulting displacement of tissue is detected and used for 
obtaining additional information beyond B-mode imaging(2).

Changes in tissue elasticity are a useful tool used for iden-
tifying fibrosis and differentiating between malignant 
and benign lesions in the tissues of the liver, thyroid, and 
breast(3). Tissue elasticity measured by ARFI and SWV is 
used in gynecologic and obstetric practice, e.g. in placental 
tissues, endometrium, myometrium, and cervix(4–6). 

Polycystic ovaries are seen in polycystic ovarian syndrome 
(PCOS) and sometimes also in normally ovulating women 
(polycystic ovarian morphology). PCOS is diagnosed using the 
Rotterdam Criteria, based on the presence of at least two cri-
teria of the total three, provided that other etiologies are ruled 
out(7). One of the criteria is having ≥12 antral follicles (follicles 
of 2–9 mm) or ≥10 ml ovarian volume in one or both ovaries. 

Stein and Leventhal were the first to report this syndrome, 
describing the ovaries as rubbery and naming the condition 
“hyperthecosis” to reflect chronic anovulation(8).

Chronic anovulation is a vicious cycle with stromal tissue pro-
ducing more androgens, leading to follicles to rest in the antral 
stage, not progressing to the preantral stage, or not being able 
to gain dominance due to hypoestrogenic inner environment. 

We conducted this study to gain insights into the elasticity 
pattern and SWV in PCOS ovaries. The primary outcome 
measure was to compare SWV values between PCOS and 
non-PCOS women. The secondary outcome measure was 
to compare the menstruation patterns, clinical properties, 
and laboratory and other ultrasonographic parameters 
between PCOS and non-PCOS women.

Material and methods

The study was designed as a retrospective data analysis of 
women who underwent vaginal US and ARFI in a univer-
sity hospital between July 2014 and March 2015, for various 

reasons. There were 32 patients diagnosed with PCOS based 
on the Rotterdam Criteria. Also, there were 32 age-matched 
normally ovulating women having less than 12 antral follicle 
count per ovaries, selected as the non-PCOS group. For the 
diagnosis of PCOS, the Rotterdam Criteria were used, com-
prising: i) menstrual abnormalities such as oligomenorrhea 
or amenorrhea, ii) clinical or biochemical hyperandrogen-
ism, and iii) ovaries having ≥12 antral follicles (counted with 
transvaginal US probe resolution of <8 MHz) or ≥10 ml  
ovarian volume. Having at least 2 of these 3 criteria is con-
sidered to be indicative of PCOS(7).

Menstruation patterns were recorded as normal menstruation 
(menstruation/21–35 days), polymenorrhea (menstruation 
more frequent than 21 days), oligomenorrhea (less frequent 
than 45 days, or less than 8 cycles per year) or amenorrhea – 
either primary (no menstruation until 17 years of age) or sec-
ondary (no menstruation for more than 3 months in a woman 
who previously had menstruation)(9).

Clinical hyperandrogenism was defined as having acne 
or hirsutism. Hirsutism is evaluated with the modified 
Ferriman-Gallwey (mF-G) scores; ≥8 is considered as clini-
cal hirsutism(10).

Age, body mass index, fasting blood glucose, follicle stimu-
lating hormone (FSH), luteinizing hormone (LH), thyroid 
stimulating hormone (TSH), prolactin (PRL), free testos-
terone (fTest), antimullerian hormone (AMH), dehydroepi-
androstenedione-sulfate (DHEA-S), androstenedione, and 
free androgen index levels were measured at the beginning 
of the menstrual cycle; and days 2–4 in women having men-
ses. In women with secondary amenorrhea, menstruation 
was maintained with 5 days of oral medroxyprogesterone 
acetate (10 mg daily).

We excluded women with abnormal thyroid function 
tests, elevated prolactin levels, very high DHEA-S levels  
(>700 pgr/dl), and high 17-hydroxyprogesterone levels. 

Ultrasound and elastography technique

On days 2–4 of the menstruation cycle, all women were 
evaluated using the conventional gray-scale US, and ovarian 
volumes were calculated for each patient by measuring the 
largest dimensions in the antero-posterior, transverse and 
longitudinal planes of both ovaries (0.5 × length × width × 
thickness), and the total number of antral follicles (2 to 9 mm  
in diameter) was calculated. Peak systolic velocity (PSV) 
and resistance index (RI) of both ovaries were measured by 
spectral Doppler imaging. The system was converted into 
the elastography mode, and ARFI was performed. Each 
patient was asked to lie supine and hold her breath. The 
US probe was placed transvaginally for both ovaries, and 
the examination was performed in the vein-free area with 
a region of interest of 1 × 0.5 cm, with depth set at 6 cm. 
SWV (m/sec) was measured at least 5 times for each ovary, 
and the mean value was calculated in all women. For each 
woman, the mean SWV of the left ovary was calculated, 
and the mean SWV of the right ovary was calculated; in the 
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were expressed as percentages. The Shapiro–Wilk test was 
used for assessing normality. All continuous variables were 
found to be normally distributed. Parametric tests were 
used for variables with normal distribution. Differences 
in mean values were analyzed with Student’s t-test. The 
characteristics between groups were compared with chi-
square test. A p value ≤0.05 was considered as statistically 
significant.

Results

The study comprised 32 patients in the PCOS group, and 
32 women in the non-PCOS group. Age, body mass index, 
fasting glucose levels, and hormone levels on days 2–4 of 
the menstrual cycle (FSH, LH, and TSH and PRL) are 
shown in Tab. 1. There were no statistically significant dif-
ferences among these parameters in both groups (p = non-
significant (NS)) (Tab. 1).

The menstruation parameters were significantly different 
between the PCOS and non-PCOS women. There were 8 
(25%) normally menstruating women in the PCOS group, 
but there were 29 (90.6%) normally menstruating women in 
the non-PCOS group (p = significant (S)). Oligomenorrhea 
was seen in 23 (71.87%) patients in the PCOS group and 
in 2 (6.25%) women in the non-PCOS group (p = S). All 
PCOS patients had clinical hyperandrogenism (100%); in 
12 (18.75%) women, both acne and hirsutism were seen, 
in 2 (6.25%) patients only hirsutism was present, and in 18 
(56.25%) only acne was observed. In the non-PCOS group, 
there were 6 (18.75%) patients with clinical hyperandrogen-
ism. The difference was statistically significant (p = S). 
Biochemical hyperandrogenism was seen in 28 patients 
(87.5%) in the PCOS group, and in 2 patients in the non-
PCOS group (6.25%). AMH levels were statistically higher 
among the PCOS women than in the non-PCOS group (p = S)  
(Tab. 2). AFC levels were statistically higher in the PCOS 
than in the non-PCOS group (p = S). Mean ovarian volumes 
were statistically different between the two groups (p = S). 
Peak systolic velocities and resistance indices were statisti-
cally different between the PCOS and control groups (p = 

next step, the mean ovarian SWV was calculated by adding 
the mean left and the mean right SWV values and dividing 
the result by two (SWV = left ovarian SWV + right ovar-
ian SWV/2). ARFI (Acuson S3000TM Ultrasound System, 
Siemens Health Care, Mountain View, Ca, USA) imaging 
was routinely performed along with conventional US of the 
ovaries in all cases. The gray-scale US and ARFI studies 
were performed using a transvaginal 8 MHz probe. 

We excluded women with any cystic or solid mass in the 
ovaries on days 2–4 of the menstrual cycle detected via 
US. The data obtained from PCOS women and non-PCOS 
women were evaluated and compared.

Statistical analysis

Statistical analysis was performed using the SPSS version 
22 (Statistical Program for Social Sciences, IBM, Chicago, 
IL). Demographic continuous data were characterized by 
means and standard deviations (SD), and nominal variables 

PCOS  
(n = 32)

non-PCOS  
(n = 32) p 

Age 25.55 ± 4.86 
(18–35)

24.7 ± 3.67 
(18–31) 0.21

BMI (kg/m2) 20.18 ± 1.61 
(18–25)

21.8 ± 1.54 
(18–26) 0.45

Fasting glucose 
(mg/dl)

96 ± 11 
(79–101) 87 ± 13 (73–98) 0.64

TSH  
(μIU/mL)

3.11 ± 1.98 
(1.7–4.06)

2.26 ± 1.03 
(1.43–4.12) 0.21

PRL  
(μg/l)

28 ± 5.32 
(22–38)

25 ± 4.78 
(17–34) 0.11

FSH  
(mIU/mL) 6.70 ± 1.23 (4–9) 6.2 ± 1.21 (5–10) 0.23

LH  
(IU/L)

8.67 ± 2.05 
(6–13)

6.7 ± 1.76 
(4.5–12) 0.16

BMI – body mass index; TSH – thyroid stimulating hormone; PRL – pro-
lactin; FSH – follicle stimulating hormone; LH – luteinizing hormone

Tab. 1. �General parameters of patients in the PCOS and non-PCOS 
groups

PCOS  
n = 32

Non-PCOS  
n = 32 p 

Normal menstruation  
(1 in 21–35 days) 8 29 0.000

Polymenorrhea more frequent than 21 days 0 1 0.634
Oligomenorrhea  

(less frequent than 45 days or Less than 8 menses per one year) 23 2 0.000

Secondary amenorrhea 1 0 0.634

Clinical hyperandrogenism
Hirsutism  

(Modified Ferriman Gallwey (mF-G) score ≥8) 17 2 0.010

Acne vulgaris 20 4 0.000

Biochemical hyperandrogenism

DHEA-S (ng/dl) 329.97 ± 149.93 (98–560) 249.71 ± 82.29 (86–320) 0.010
Free testosterone (ng/dl) 812 ± 235 (400–1400) 420 ± 147 (300–1200) 0.000
Androstenedione (ng/ml) 5.12 ± 1.04 (0.4–5.12) 3,12 ± 0,98 (0,2–3,98) 0.06

Free Androgen Index 4.81 ± 2.03 (3.15–7.01) 2,1 ± 0,79 (1,05–4,7) 0.03
AMH (pmol/L) 8,46 ± 4,87 (2,5–24) 2.71 ± 0.69 (1.23–4.11) 0.001

Tab. 2. �Features of menstruation and hyperandrogenism in PCOS and non-PCOS women
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0,001 and p = 0.021, respectively). Mean SWV of the ovaries 
were 2.12 ± 0.82 (0.78–4.9) in the PCOS group and 1.18 ± 
0.41 (0.77–2.0) in the non-PCOS group (p = S), which was 
statistically significantly higher in the PCOS women (Tab. 3).

Discussion

Early application of elasticity measurements in soft tissues 
to identify tissue hardening due to fibrosis or tumor was 
first examined in the liver, thyroid and breast tissues(11–13). 
Elasticity can be measured via ARFI, which is a non-inva-
sive and cost-effective diagnostic tool using the advantages 
of B-mode ultrasonography. It is generally accepted as a 
safe and easy method(14).

Tissue elasticity is investigated in various obstetric and 
gynecologic conditions. In their study, Bildaci et al. used 
ARFI to evaluate placentas in patients with gestational dia-
betes, revealing no difference between the patients and the 
control groups in shear wave velocities. This could be due 
to the transient pathology of gestational diabetes, since the 
pathology can improve quickly with dietary regulations on 
most occasions(15).

Ovarian cysts were evaluated by ARFI in a few studies. In 
their study, Ciledag et al. found that elastography scores 
might be useful for differentiating between benign and 
malignant ovarian cystic lesions. On that basis, unneces-
sary interventions could be avoided for benign cysts with 
solid components(16).

PCOS is a result of chronic anovulation. Chronic high lev-
els of androgens cause more theca cells (hence the former 
name of hyperthecosis); the connective tissue in between 
follicles is surrounded by androgen-producing cells. Based 
on the two-cell–two-gonadotropin theory, the hyperandro-
genemic environment cannot be beaten due to anovula-
tion, so more androgens are produced, and thus a chronic 
vicious cycle occurs. This pathologic condition makes the 
ovarian tissue more stiffer than in normal estrogenic cases.

The diagnosis of PCOS is established based on the 
2003 Rotterdam Criteria, after the exclusion of other 

pathologies, as having 2 of the 3 diagnostic criteria, one 
of them being oligomenorrhea. In our study, there were 
significantly prominent menstruation abnormalities in the 
PCOS group. One criterion is having hyperandrogenism, 
established either clinically or biochemically. In our study, 
the PCOS patients were significantly (both clinically and 
biochemically) hyperandrogeniemic. Another criterion is 
having polycystic ovarian morphology, i.e. more than 12 
antral follicles or more than 10 ml of ovarian volume. 
In our study, the PCOS patients had a significantly more 
pronounced polycystic ovarian morphology than the con-
trol group.

In their study, Ozdemir et al. compared ovarian stromal 
blood flow with Doppler ultrasonography in patients with 
PCOS and healthy controls, revealing that PI was signifi-
cantly different in the PCOS group(17). In our study, we also 
found different PI and PSV values in the PCOS group.

In the literature, there are three studies on polycystic ova-
ries and elastography(18–20). In one of them, the researchers 
studied the elasticity pattern and strain ratio. Ciraci et al. 
classified the elasticity patterns of the ovaries in patients 
with PCOS as hard, medium and soft, and examined the 
strain rates. They revealed that the elasticity patterns and 
strain ratios might demonstrate morphological stiffness 
changes in polycystic ovaries. They also reported that it 
was possible to evaluate PCOS by real-time elastogra-
phy, which might help to show morphological changes. 
Elastography features of ovarian stroma may have a role in 
the diagnosis of PCOS, like gray-scale US, especially using 
the strain ratio(18).

In their study, Ertekin et al., reported no significant differ-
ences in SWV between the PCOS and control groups. Their 
conclusion was that the role of elastography in the diagno-
sis of PCOS was controversial. However, in their study, the 
sample size of the control group was small, which could 
have potentially affected the accuracy of their results(19).

In a recent study by Altunkeser et al.; 66 PCOS patients 
were compared with 72 controls for SWV and elastography 
values. The authors found that the PCOS group had a mean 
SWV of 3.89 ± 1.81 for the right ovary, and 2.88 ± 0.65 for 
the left ovary. They compared the results with the controls, 
and found no significant difference(20). Our mean SWV 
results were 2.12 ± 0.82 (0.78–4.9) in the PCOS group, 
and 1.18 ± 0.41 (0.77–2.0) in the control group (p = 0.016).

There are different phenotypes in PCOS, so confirming 2 
of the 3 criteria is enough for the diagnosis according to 
the Rotterdam Criteria; women having hyperandrogenism 
and oligomenorrhea can have the diagnosis without the 
morphological appearance of PCOS(21). However; chronic 
anovulatory condition leads to the hyperandrogenic inner 
state of the ovaries, resulting in the development of symp-
toms. SWVs are significantly faster in the ovaries of PCOS 
patients due to stiffness.

There are women with a normal menstrual pattern, with-
out clinical or biochemical hyperandrogenism, but having 

PCOS  
n = 32

non-PCOS  
n = 32 p 

Antral follicle count 17.61 ± 3.87 
(12–25)

9.3 ± 2.14  
(7–12) 0.001

Mean ovarian volume 13.26±5.34 
(5.30–29.20)

7.23 ± 1.81  
(4.8–11) 0.01

PSV 29.46 ± 13.75 
(11–70)

39.47 ± 15.12  
(22–61) 0.001

RI 0.76 ± 0.10 
(0.56–0.91)

0.71 ± 0.12  
(0.58–0.88) 0.021

Mean SWV (m/sec) 2.12 ± 0.82 
(0.78–4.9)

1.18 ± 0.41  
(0.77–2.0) 0.016

PSV – peak systolic velocity; RI – resistance index; SWV – shear wave velocity

Tab. 3. �Two-dimensional ultrasound features of ovaries in terms of 
antral follicle count and ovarian volume, and comparison 
of shear wave elastography measures and Doppler indices
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Conclusion

Easy application of quantitative sonoelastography mea-
surements with ARFI provide significant findings about 
PCOS with regard to shear wave velocity, compatible with 
chronic anovulation pathophysiology. In light of these find-
ings, SWV is expected to be slower in ovulatory women.

The widespread application of SWV in PCOS diagnosis is not 
a must, but it can be a beneficial diagnostic tool for clinicians, 
since shear wave velocities in PCOS patients are found to be 
significantly faster, reflecting stromal increase and more AFC, 
which is consistent with the chronic hyperandrogenemic 
inner environment of the ovarian tissue in PCOS. 
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PCO morphologies seen in two-dimensional US. SWV can 
be measured in these groups to reveal normal rates with 
normal ovaries, because they do not have a chronic anovu-
latory disease pattern.

In our study, all women in the PCOS group had polycystic 
ovaries resulting from a chronic disease pattern, and none 
of them had solely PCOS appearance. This is the strength of 
our study. Limitations include the small of patients studied, 
and the retrospective design. Consequently, future studies 
with larger PCOS populations are required for more accu-
rate conclusions.

In our study, we found significantly different SWV val-
ues in PCOS patients than non-PCOS women, which 
indicates that PCOS has an effect on SWV. The increased 
acoustic frequencies cause a decreased response in time 
to transition, and motion becomes out of phase; in other 
words, scattered waves are faster in stiffer ovaries. Our 
results are thus compatible with the pathophysiology of 
the disease.


