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The cervix is a cylindrical structure that is proximally connected to the uterus and distally to the vaginal cavity. The
Bishop score has been used to evaluate the cervix during pregnancy. However, alternatives have been evaluated
because the Bishop score is uncomfortable for patients, relies on a subjective examination, and lacks internal os data.
Elastography has been used to assess the cervix, as it can estimate tissue stiffness. Recent articles on elastography for
cervical assessment during pregnancy have focused on its usefulness for prediction of preterm birth and successful
labor induction. There is a clinical need for cervical elastography, as an evaluation of biomechanical factors, because
cervical length only assesses morphological changes. However, until now, cervical elastography has been studied in the
limited field, and not shown a uniformed methodological technique. In this review, the current status, limitations, and
future possibility of cervical elastography were discussed. Future studies should focus on overcoming the limitations of
cervical elastography. Although the cervical elastography is presently an incompletely defined technique, it needs to be

improved and evaluated as a method for use in combination with cervical length.
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Introduction

The cervix is a cylindrical structure that is proximally con-
nected to the uterus and distally to the vaginal cavity. The
cervix is composed of fibrous connective tissue and the uterus
is composed mainly of smooth muscle, and they are therefore
distinct organs [1]. The cervix can change significantly over
a short time period. It is a closed, firm structure during early
pregnancy, and undergoes softening later in pregnancy. Cervi-
cal effacement and dilatation are active, dynamic processes,
and adequate effacement allows passage of the fetus and
enables successful delivery [2]. Cervical integrity is essential in
pregnancy. Preterm cervical dilatation may predict preterm de-
livery. On the other hand, a cervix that remains firm after term
may increase induction or cesarean section rates [3].
Traditionally, the Bishop score has been used to evaluate
the cervix during pregnancy. It assesses cervical status based
on dilatation, effacement, consistency, fetal head station, and
position [4]. However, alternatives have been evaluated be-
cause the Bishop score is uncomfortable for patients, relies on
a subjective examination, and lacks internal os data. Cervical
elastography is one of the alternatives. Elastography was first
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introduced about 20 years ago as an adjunct to routine so-
nography [5]. Since then, elastography has been used for the
diagnosis and characterization of various tumors or cancers
in the breast, prostate, and thyroid gland [6,7]. Recently, elas-
tography has been used to assess the cervix, as it can estimate
tissue stiffness. This article reviews the use of elastography to
assess the cervix during pregnancy, in order to clarify its cur-
rent status, limitations, and need for further research.

Received: 2016.9.12. Revised: 2016.10.13. Accepted: 2016.10.18.
Corresponding author: Han Sung Hwang

Department of Obstetrics and Gynecology, Konkuk University School of
Medicine, 120 Neungdong-ro, Gwangjin-gu, Seoul 05029, Korea

Tel: +82-2-2030-7747 Fax: +82-2-2030-7748

E-mail: hwanghs@kuh.ac.kr

http://orcid.org/0000-0003-0622-0701

Articles published in Obstet Gynecol Sci are open-access, distributed under the terms of
the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Copyright © 2017 Korean Society of Obstetrics and Gynecology



Obstetrics & Gynecology Science
Vol. 60, No. 1, 2017

Elastography

Initially described more than 20 years ago, elastography has
emerged as an important adjunct to sonography [5]. Elastog-
raphy is able to image firm lesions in the prostate and other
organs as dark areas against a green background of movable
tissue [8,9]. Elastography is a noninvasive method in which
images of soft tissue stiffness are used to detect or classify
masses. It is reportedly useful for the diagnosis and character-
ization of breast cancer, prostate cancer, and thyroid nodules,
which are usually stiffer than normal tissues [7].

The technique is classified according to the principles of

strain elastography and shear wave elastography, depend-
ing on whether the impulse source is generated by external
pressure or by internal artificial force (Fig. 1) [10,11]. Strain
elastography provides images that describe the extent of tis-
sue deformation under external impulse pressure. An external
impulse is generated by manual compression using a sonog-
raphy probe, or by patient respirations or arterial pulsations.
Strain elastography measures tissue displacement in a very
short time interval. A large displacement is characteristic of
soft tissue, and small displacement characterizes hard tissue.
The result is visualized in color. However, strain elastography
is unable to determine the absolute value of tissue stiffness.
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Fig. 1. Principles of (A) strain elastography and (B) shear wave elastography. (A) The displacement of a hard area is less than that of a soft
area. Gradient values of the displacement of hard areas are also less than those for soft areas. Strain elastography shows the gradient values
of displacement on a color map. Reproduced from Samsung Medison. ElastoScan enables the imaging of malignant tumors and other diseases
that would normally be undetectable through conventional studies [Internet]. Seoul: Samsung Medison; c2011. Available from: http://www.
samsungmedison.com/technology/elastoscan.jsp, with permission from Samsung Medison [10]. (B) If the intensity of the wave created by ul-
trasound energy is high enough, and the duration of the pulse long enough, the impulse pressure on the tissue will be large enough to cause
a small local displacement of the tissue. This transverse displacement is a shear wave. Since the shear wave speed in soft tissue travels a thou-
sand times faster than in hard tissue, ultrasound imaging can be used to monitor the propagation of the shear wave and measure its speed.
Reproduced from Shin DK. Principles of ultrasound elastography. In: Korean Society of Ultrasound in Obstetrics and Gynecology. Korean Society
of Ultrasound in Obstetrics and Gynecology workshop; 2015 Oct 24; Seoul, Korea. Seoul: Korean Society of Ultrasound in Obstetrics and Gyne-

cology, with permission from Samsung Medison [11]. pos, position.
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Fig. 2. Color map strain elastography and variable region of interest (ROI) in studies of prediction of successful induction of labor. Dual im-
ages of the uterine cervix on gray scale sonography and color map elastography showing different ROIs: (A) five-point ROI, (B) whole cervix
ROI, (C) small, circular ROI with reference area, (D) subjective scoring without ROI, (E) small, single ROI of internal os, and (F) three small ROIs
for the cervical canal.

induction (Table 1) [14-19]. These articles had relatively small
patient numbers, and the region of interest (ROI) was varied
widely (Fig. 2). Numerous objective methods have been used
to evaluate stiffness. Hee et al. [16] used a reference cap to
overcome the shortcomings of strain elastography, but this
method only analyzes a small ROI.

2. Strain elastography for prediction of preterm
delivery
Prediction of spontaneous preterm birth remains difficult. Pre-
term labor, preterm premature rupture of membranes, or an
incompetent internal cervical os can cause spontaneous pre-
term birth. The predictive value of digital pelvic examination in
mid-pregnancy or sonographic cervical length is low. Not only
to predict preterm birth, but also to decide when to give pro-
gesterone to women at risk for preterm birth, a more precise
predictive model is needed. Several studies have investigated
the predictability of preterm birth using cervical elastography
in mid-pregnancy. Table 2 summarizes 5 recent articles that
assessed the use of strain elastography of the cervix to predict
spontaneous preterm birth [20-24]. These studies evaluated
a larger area than that used in labor induction, by analyzing
several ROIs (Fig. 3). However, they used different methods
with or without compression of the cervix, the number of
patients was small, and data were obtained for low-risk preg-
nant women.

Limitations and challenges in cervical
elastography

Thus far, cervical strain elastography alone has been studied
in pregnancy. Various ROIs, scoring systems, and compression
methods reveal the limitations of cervical elastography stud-
ies, but also hint at ways to overcome these limitations.

1. Limitations of cervical elastography

The limitations of cervical elastography in the studies pre-
sented are as follows. First, unlike other organs, there is no
distinction between a reference tissue and the target tissue
in the uterine cervix. A strain ratio for normal and target tis-
sue cannot be acquired. Second, there are multiple pressure
sources. Because the elastographic image is made by an
external pressure, the uniformed pressure is needed for the
stable elastographic image. However, the uterine cervix of
pregnant women is affected by several pressure sources, such
as patient’s respirations, arterial pulsations, fetal movements,
and shaking hands of the operator. When there are several
vibration sources, it is difficult to determine which images rep-
resent cervical stiffness. Shear wave elastography values are
also affected by the impulse target.

2. Region of interest and image calculation
Existing studies have shown the difficulty of determining

www.ogscience.org



Obstetrics & Gynecology Science

Hyunjung Kim, et al. Cervical elastography

(@)} (@)}
ey C
2 © =
g |9 £
© | T o ©
2 |L¥ 2}
£ 5 §
Q|32 3
[els=] [¢]
w2 )
< = ©
[NE) [NE]
c
2%
62 o
- @
g v =
Sy
oO
o
& S
) o
|l )
mm wv
=
2|53 &
Lo|lox ¢]
Bt” O 'O o
=
Slox>g20 2
=l v |5 = =
a [SINe] 9]
c L5 2
c a2 o)
] S .& >
+— [Va] wv
()
v
o |
%) =
3 =
IS — 2
5 E =
— E )
| © |5 )
S|l e [ =)
% %] =
< B
5 o 2
= =
X 4 (S
= n wv
S @ n
Clee |z, 8
a|les|8mo5 =
V|- o <
o|.2+ T =®© O
E I w GJ_E— +—
= Q—: X = [e)}
g|Bo|lczg &
CleG|e- g U
v IS3S|[clEo ¥
£ ETJ 5o =
= EmCU
g I_EE 5 0c =
5 ;.CGJ ks
2
=
£ g.: ~
Slao¥y LN
>[+.= | m
£|ga N
Sl
©
e
2|8 g E
c| EQ|L© ~
(.20 ™ N
§18%1S 3
Clwo |
=R RN +
)
o0& ©
£
wv
w
ol=3
L|50| <
5|28|6
= o
w
Bles
w | S o ~
= .2 aa)
Q ® S ()
T |a S
L
o
g ._ B
© = ©
S ~ CF
e 88 ©
= —
N o= QEW‘E
| C = 5 — C
=8| cgo N
21381y 2

www.ogscience.org

Medison, Korea

ing for internal os

ternal os at sagittal

plain)
4 Areas (2 midsagittal Mean strain percent-

vical length > 25 mm

(10.4)

(2014) [21]

Oscillatory pres-  Hitachi, HI Vision 900

Low risk, singleton

16 to 24

41.8%

189

Hernandez-

(Hitachi, Japan)

sure

age of displacement

or deformation

and 2 cross-section-

al)

Single area (internal

(11.1)

Andrade et al.
(2014) [22]
Hernandez-

Oscillatory pres-  Hitachi, HI Vision 900

Mean strain quartiles

Singleton regardless of

111028 45

38.5%

545

(Hitachi, Japan)

sure

0s at cross-sectional

plain)
2 Circles (middle ante- Subjective color scor-

short cervix or previous

preterm birth

8.2)

Andrade et al.
(2015) [23]
Sabiani et al.

Hitachi, HI Vision

No

9 Low risk, singleton

36.1% First, second,

72

(Hitachi, Gerrmany)

ing for 2 circles, and

its ratio

rior and posterior lip)

2.5)

(1

third trimester

(2015) [24]

Data are presented as gestational age at scan (weeks) or number (%) unless otherwise indicated.

RO, region of interest; NA, not available.

the ROl in elastographic color images. If the ROl is too wide,
the color in the inner region varies, which make it difficult
to establish a representative color. Conversely, if the ROI is
too narrow, although it is easier to establish a representative
color value, the smaller ROI does not represent the entire
cervix (Fig. 2E, F). When the ROl is set as the circle of the
internal os, which is clinically and empirically important, the
endocervical canal at the internal os is relatively soft, and
should be excluded in determining cervix stiffness. This is
methodologically difficult. It is reasonable to include the
entire cervix as the ROI, rather than using a small ROI to as-
sess uterine cervical stiffness. Several methods to assess the
stiffness of the ROI have been proposed. One uses a scoring
system with the ROl as a color map (Fig. 2A, C, E, F). An-
other uses an image analysis system to evaluate pixel colors
in ROl images of various shapes. The third uses a strain data
analysis system that directly analyzes raw data from the ROI
(Fig. 2C, D).

The shape of the uterine cervix varies in pregnancy. A cer-
vix greater than 3 to 4 cm is relatively long, and may have a
straight, anteverted, or sometimes retroverted endocervical
canal. It is difficult to assess cervical stiffness with present
methods if the uterine cervix is short. To assess various cervical
shapes and sizes, various ROIs should be used. Moreover, to
develop a scoring system that can provide consistent stiffness
data for various ROIs, it is important to use strain data for the
cervix itself in the analysis.

3. Cervical length and cervical elastography

Because the positive predictive value for preterm birth using
the routine cervical length examination is low, clinical guide-
lines do not recommend checking cervical length in low-
risk pregnant women during the mid-trimester. Researches
on the usefulness of universal cervical length examination
for prevention of preterm birth in low-risk pregnant women
have recently been published [25,26]. Past studies have re-
ported the use of cervical elastography alone in the predic-
tion of preterm birth. Because of the characteristics of the
cervix, combining the two methods of cervical elastography
and determination of cervical length might be more effec-
tive in predicting preterm birth than the use of either meth-
od alone.
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Fig. 3. Color map strain elastography and variable region of interest (ROI) in studies of prediction of preterm delivery. Dual images of the uter-
ine cervix on gray scale sonography and color map elastography showing different ROIs: (A) five-point ROI, (B) small, single ROI of internal os, (C)
four ROIs with two midsagittal and two cross-sectional areas, (D) single ROl of internal os in cross-sectional plain, and (E) two circular ROIs on
middle anterior and posterior cervical lips.

Conclusion

Elastography has been used in various fields as an adjunct to
2-dimensional gray scale ultrasonography, and has been exten-
sively studied. Elastography has been increasingly used in the as-
sessment of liver and breast disease. Guidelines for elastography
from the Japanese Society of Ultrasound in Medicine [27,28], the
European Federation of Societies for Ultrasound in Medicine and
Biology [29], and the World Federation for Ultrasound in Medi-
cine and Biology have been published [30]. However, guidelines
for cervical elastography are currently not available.

The dlinical importance of assessing the uterine cervix dur-
ing pregnancy is obvious. It is well known that the cervix
undergoes biochemical changes in advance of morphological
change during pregnancy. Thus, there is clearly a clinical need
for cervical elastography in the evaluation of biochemical fac-
tors in combination with cervical length, which only assesses
morphological changes. Future studies should focus on over-
coming the limitations of cervical elastography. Although cer-
vical elastography has some limitations, improved technique
and the combination with measurement of cervical length
will make it possible to assess the uterine cervix of pregnant
women more precisely.
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