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Abstract—The quantitative and objective assessment of cervical 
stiffness  has  great  potential  for  the  estimation  of  pre-term 
delivery risk, as well as for the prediction of the success of labor 
induction.  Various  methods  can  be  used  in  vivo for  cervical 
assessment  such  as  vaginal  digital  examination  or  static 
elastography but to our knowledge, none of them can provide a 
quantitative,  absolute  and  independent  evaluation  of  cervical 
stiffness  in  vivo.  In  this  study,  such  values  were  obtained  in 
pregnant  patients  in  vivo  by  using  Supersonic  shear  Imaging 
technique (SSI).  The stiffness of the lower anterior part of the 
cervix was quantified over a   8 mm region of interest, during 
vaginal  ultrasound  examination  in  163  pregnant  women.  We 
were  able  i)  to  assess  the  range  of  normal  elasticity  values 
throughout the pregnancy, ii) to demonstrate the intra and inter-
operator reproducibility of the measurement and iii) to evaluate 
the potential  of  SSI  for the discrimination of  pre-term labour. 
The  elastic  modulus  of  the  cervix  was  found  to  decrease 
significantly throughout the pregnancy. This study provides for 
the first time a database for absolute elastic modulus values of 
the cervix throughout the pregnancy. Stiffness was observed to 
decrease  with  gestional  age,  which  is  consistent  with  results 
previously obtained using a cervicotonometer. Cervical stiffness 
is reduced in patients diagnosed with pre-term labour. 
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I.  INTRODUCTION 

Spontaneous preterm birth is the leading cause of neonatal 
mortality.  Over  one  million  of  babies  die  every  year  from 
complications of pre-term birth, according to the White Paper 
"Global  and  Regional  Toll  of  Preterm  Birth".  Premature 
neonates  who  survive  have  a  significantly  higher  risk  of 
developing serious complications such as cardiovascular and 
respiratory  dysfunction,  motor  and  intellectual  deficiencies. 
Pre-term labour occurs between 22 and 36 weeks of gestational 
age  (GA),  and  is  defined  by  the  association  of  uterine 
contractions and cervical modifications. Such symptoms often 
lead to the hospitalization of patients even though the actual 
risk of pre-term delivery is not very well determined, probably 
because of the lack of a reliable diagnostic tool.. The cervical 
modifications  are  shortening,  dilation  and  softening  of  the 
cervix.  They  are  currently  diagnosed  clinically  through  a 
digital vaginal examination resulting in the determination of an 
index: the Bishop score. The Bishop score provides satisfying 
results in the most extreme cases (severe pre-term labour or 
normal patients) but not in the average pre-term labour cases, 
mainly  because  digital  vaginal  examination  leads  to  a 
subjective  and  qualitative  assessment  of  the  cervix,  when 
objective  and quantitative  information  would  be  required.  It 

has  been  demonstrated  that  digital  examination  does  not 
provide  accurate  diagnosis  of  true  pre-term  labor  [1].  The 
quantitative  assessment  of  the  cervical  length  and  dilation 
through ultrasonography improves the diagnosis quality and is 
now  recommended  in  clinical  practice.  However,  classical 
ultrasonography only provides morphological information, not 
related  to  the  mechanical  properties  of  the  cervix.  Cervical 
softening,  not  accessible  via  classical  ultrasonography  is 
known  to  be  the  most  relevant  of  the  three  cervical 
modifications (shortening, dilation and softening), for pre-term 
labour  diagnosis.  Some  attempts  have  been  made  for  the 
objective  quantification  of  cervical  stiffness.  A 
« cervicotonometer »  measuring  the  cervical  distensibility 
index (CDI) was developed in the 1990's. The CDI proved to 
be  a  good  prognostic  indicator  in  premature  labor.  It  was 
significantly elevated at the time of hospitalization in women 
who  had  a  preterm  delivery  when  compared  to  those  who 
delivered at or after 37 weeks of amenorrhea, whereas clinical 
scores showed no difference between these two groups [2]. The 
cervicotonometer required to be inserted in the cervical canal, 
was  therefore  considered  invasive  and  is  not  used  for  this 
reason. However, these results demonstrated the relevance of 
cervical stiffness as a diagnostic parameter for preterm labor. 

Various elastography techniques for the measurement of tissue 
elasticity are available. In static elastography, based on strain 
imaging, a relative elasticity is retrieved by the analysis of a 
little  compression  of  the  medium  induced  by  the  operator. 
This technique has been used in the cervix in some studies, 
measuring  the  rate-of-change  in  tissue  displacement  of  the 
cervix in pregnant patients  [3]. In Molina’s study the authors 
concluded that the measured elasticity may be influenced by 
the force applied on tissue by the transducers. Parra-Saavedra 
et  al.  measured  the  cervical  consistency  index  (CCI)  using 
ultrasonography on a cohort of 1031 patients.  A correlation 
was found between the CCI and GA, as well as a sensitivity 
for prediction of preterm birth [4]. However, in none of these 
studies, absolute values of stiffness could be retrieved. The use 
of elastography techniques could only be conclusive with a 
standardization of the values [5]. 
Absolute values of cervical stiffness are therefore necessary 
for an objective assessment of the cervical mechanical state, 
and the subsequent diagnosis of pre-term labor. This goal can 
be  achieved  by  using  dynamic  elastography  techniques. 
Dynamic elastography uses propagation of shear waves within 
the medium. Some work was conducted in vitro, using Shear 
Wave Sound Speed (SWS) techniques  suggesting that these 
measurements  are  sensitive  enough  to  detect  differences 



between the nonpregnant nulliparous and multiparous cervix, 
[6]). 

In this paper, we present the Supersonic Shear Imaging 
(SSI)  technique  which  has  the  features  allowing  such  an 
objective and quantitative characterization of tissue stiffness 
in  vivo  for  applications  in  obstetrics.  The  feasibility  and 
reproducibility  of  such  a  technique  for  the  assessment  of 
cervical elasticity in vivo in pregnant patients is demonstrated. 

The  cervical  stiffness  was  quantified  in  163  pregnant 
patients. 70 of these patients were diagnosed at risk of pre-
term delivery.  We demonstrated the inter  and intra-operator 
reproducibility of the technique. We studied the influence of 
GA on the stiffness of the cervix using the SSI technique. We 
also  evaluated  the  potential  of  the  SSI  technique  for  the 
diagnosis of pre-term labour.

II. MATERIALS AND METHODS

The Supersonic Shear Imaging (SSI) technique is based on 
the ultrafast ultrasonic imaging (up to 20000 frames/s) of shear 
waves generated by an ultrasonic radiation force [10]. Imaging 
its propagation through the tissue at such ultrafast frame rates 
enables  the  measurement  of  the  shear  wave  speed  cT.  This 
technique has been thoroughly used for various applications, in 
various organs such as breast cancer [7] or  liver fibrosis [8-9].  
An ultrafast scanner (AixplorerTM, SuperSonic Imagine, Aix-
en-Provence, France) was used to drive a 7 MHz conventional 
endocavitary ultrasonic probe (SE 12-3, Supersonic Imagine, 
Aix-en-Provence,  France)  allowing  classical  B-mode 
acquisition and elasticity maping of the cervix. The Young's 
modulus (E) was deduced from the shear wave speed (cT) by:  

23 TE c , (1)

where   is  the density.  This technique allowed elasticity 
mapping of the whole cervical area. A great advantage of this 
technique  is  that  it  doesn’t  require  additional  set-up,  or 
particular training from the physician, and can be performed 
during routine medical exam.

The  AixplorerTM ultrasound  scanner  is  FDA (Food  and 
Drugs Administration) approved and received  CE clearances 
for in vivo applications. During the whole study, thermal index 
(TI) and mechanical index (MI) were kept lower than the FDA 
thresholds. During ultrasound acquisition, (“Bmode” imaging), 
values  of  TI  and  MI  were  0.2  and  1.4  respectively.  In 
elastography mode, TI and MI where 0.4 and 1.6 respectively. 
The total duration of the stiffness measurement using SSI was 
around a few minutes.

The  stiffness  quantification  was  conducted  in  the  lower 
anterior part of the cervix, within an 8mm diameter’s region of 
interest, using a 7 MHz endocavitary probe. The Shear Wave 
Elastoraphy  mode  of  the  AixplorerTM scanner  displays  both 
conventional B-mode and stiffness images on the same screen. 
This allowed an objective and reproducible positioning of the 
region of interest for stiffness quantification. 

The same ROI (8 mm diameter circle) was chosen for all 
patients. Within the ROI, variations of stiffness were used for 
an objective criterion for rejection. All patients for which the 
standard  deviation  of  stiffness  values  within  the  ROI  was 
higher than 30 % of the median stiffness value in the ROI were 
rejected.  This  corresponds  to  a  total  of  33  patients  (20%), 
among  the  163 initally  enrolled.  All  rejections  were  due  to 
artifacts in the stiffness images. 

163 patients were enrolled for this study (age 19-45, mean 
31.2 +/- 5.4), with GA varying from 11.6 to 40 weeks. Among 

them, 72 were diagnosed at risk of pre-term labour because of 
contractions  and  a  softened  or  shortened  cervix  diagnosed 
using  digital  examination  and  conventional  endocavitary 
ultrasound.  All  pre-term  labour  patients  were  hospitalized. 
According to the hospital guidelines, pre-term labour diagnosis 
can only occur between 24 and 36 weeks of GA. Therefore, the 
pre-term labour patients do not cover the whole range of GA in 
the  studied  population.  The  elastographic  images  were 
acquired on patients that had already scheduled a conventional 
endocavitary ultrasound exam so that it did not represent and 
additional  imaging  procedure.  All  measurements  were 
performed by a trained sonographer.

All stiffness measurements correspond to the mean value 
obtained on three elastographic images, each of them obtained 
by repositioning the probe and the ROI on the lower anterior 
part  of  the  cervix.  The  inter-operator  reproducibility  was 
assessed on three patients by having two practitioners repeat 
the stiffness measurement with the same procedure: by each 
practitioner and for each patient, three images were acquired, 
the  ROI  was  repositioned  every  time,  and  the  stiffness  and 
errobars were obtained with the median and standard deviation 
of these three values respectively. 

III. RESULTS

A. Stiffness monitoring throughout the pregnancy

 

Fig1:  Evolution  of  the  cervix  stiffness  throughout  the  
pregnancy  for  control  (pentagrams)  and  pre-term  labour  
(circles).  Both  the  average  stiffness  and  the  width  of  the  
dynamic range for stiffness values significantly decrease with 
gestational age. Solid line: quadratic fit of the stiffness versus  
GA for control  patients.  A majority  of  the  pre-term labour  
stiffnesses are under this curve. 

Fig.1 shows the evolution of cervical stiffness throughout 
the  pregnancy  for  control  (pentagrams)  and  pre-term labour 
patients  (circles).  First,  we  focus  on  control  patients.  A 
significant trend can be observed: cervical stiffness measured 
with  SSI  decreases  with  the  gestational  age.  It  also  can  be 
observed that the range of values is larger for earlier terms than 
for the end of the pregnancy. In the first trimester (GA smaller 
than 14 weeks), the observed stiffness values was around 9.9 
kPa +/- 2.4 kPa. In the second trimester (between 14 and 27 



weeks), the mean value for control patients was 8.9 kPa +/-
3 kPa. In the third trimester (later than 27 weeks of GA), the 

stiffness dropped, as well as the dynamic range for stiffness 
values: 6.7 kPa +/- 4 kPa. A statistically significant difference 

could be observed between 1st and 3rd trimester distributions (p 
< 1e-6), as well as between 2d and 3rd trimester distributions (p = 
1e-4). No statistically significant difference could be observed 
between 1st and 2d trimester stiffness value distributions.

Fig2.  Cervical stiffness measured for control patients in the  
first  (n=22),  second  (n=22)  and  third  trimester  (n=  26) 
patients, as well as for patients at risk of  pre-term delivery  
(n=60).  

For patients with a diagnosis of preterm labour, stiffness 
values were measured between 24 and 35 weeks of gestational 
age. They were globally found around 6.2 kPa +/- 1.2 kPa . For 
matched  gestational  ages  (between  24  and  35  weeks)  a 
statistically significant difference could be observed between 
the  stiffnesses  of  the  control  and  preterm  labour  groups 
(p=0.01).  A quadratic  fit  could be obtained for  the stiffness 
versus  gestational  age.  The  mean  distance  of  the  pre-term 
labour data points to this curve was -1 kPa.

B. Pre-term labour

On  Fig.  2,  the  distributions  are  presented  in  the  form  of 
boxplots,  for  each  trimester  of  pregnancy,  and  for  the 
diagnosed pre-term labour patients. For the latter group, the 
stiffness  values  are  significantly  lower  than  the  values 
measured in normal patients in the second trimester (p=1.5e-
09).  The  stiffness  values  of  the  diagnosed  preterm labour 
group are closer to the values obtained in patients that will 
soon give birth, in the third trimester of pregnancy (Fig4). In 
fact, no stastistically significant difference could be observed 
in these last two groups.

C. Reproducibility

Fig3  shows  an  example  of  inter-operator  reproducibility 
measurements  for  the  elastographic  acquisitions.  The 
measurements  presented  here  were  obtained  for  a  third 
trimester  patient  (gestional  age  32  weeks).  The  stiffness 
measurements performed by both practitioners are similar: 10.4 
± 1.6 kPa and 11.3 ± 1 kPa. The inter-operator reproducibility 
of the technique for cervical examination was validated on 3 
patients at different stages of pregnancy.

IV. DISCUSSION AND CONCLUSION

This study demonstrates the feasibility and reproducibility of 
the Supersonic Shear Imaging technique for cervical stiffness 
quantification  in  vivo  in  pregnant  patients.  It  is,  to  our 
knowledge,  the  first  application  of  transient  Shear  Wave 
Elastography to obstetrics. 
We have quantified a consistently decreasing cervical stiffness 
throughout pregnancy, and a much narrower dynamic range of 
observed cervical stiffness values for later gestational ages. 
A significant difference in the stiffness values measured with 
SSI was observed in the group of patients diagnosed with pre-
term labour. We observed that cervical stiffness was reduced in 
patients diagnosed with preterm labor and was similar to the 
stiffness for control patients close to delivery.

In  the  current  diagnosis  of  pre-term  labour,  the  only 
quantitative  and  objective  parameter  is  the  cervical  length 
measured  by  conventional  endocavitary  ultrasound.A 
nonlinear  relationship  was  observed between  this  parameter 
and  cervical  stiffness  measured  using  SSI.  In  short,  long 
cervices can be soft, and cervical length alone can not be used 
as a predictive parameter for pre-term labour detection. This is 
in agreement with the findings by Cabrol et al, reinforcing the 
idea  that  these  parameters  are  independent,  although 
modifications of both occur just before labour. 

The main limitation of this study is also its main motivation: it 
relies  in  the  use  of  an  unreliable  gold  standard  for  the 
characterization of pre-term labour. As mentioned above, the 
digital examination for the assessment of cervical stiffness is 
highly  subjective  and  not  quantitative.  Actually,  at  the 
maternity hospital were the study was conducted, about half of 
the pre-term labour patients will eventually carry on with their 
pregnancy until full term (after 37 weeks of gestational age). 
In this study, out of the 31 patients who were diagnosed as 
pre-term  labour  and  who  delivered  to  date,  24  eventually 
delivered after 37 weeks of pregnancy. It is therefore difficult 
to know the exact proportion of the patients who were actually 
in pre-term labour. However, in this study, all the patients who 
delivered  earlier  than  36  weeks  of  pregnancy  presented 
significantly  softer  cervices  at  mid  pregnancy  (Fig.4).  This 
issue only emphasizes the need of an objective and quantitaive 
tool for the diagnosis of pre-term labour, as there is an issue of 
over treatement due to poor diagnosis quality. 

The  second  limitation  of  this  study  is  the  fact  that  the 
elastographic images were acquired during routine ultrasound 
exams, usually around 12 weeks of GA, between 20 and 22 
weeks of GA, betwen 32 and 34 weeks of GA, and towards the 
very end of the pregnancy (37 weeks of GA and later). Outside 
these scheduled ultrasound exams, access to healthy patients is 
difficult in the context of routine pregnancy follow up. 

To summarize, the use of SSI for the assessment of cervical 
stiffness in pregnant paients is feasible and reproducible. We 
were able to observe a decrease of stiffness with GA, as well as 
a significant difference between control patients and patients 
diagnosed  at  risk  of  pre-term  labour.  This  method  could 
potentially be used to increase the specificity of the diagnosis, 
and to identify the patients at risk of pre-term delivery. This 
technique could be used in the context of routine conventional 
endocavitary ultrasound exams. It also has a great potential for 
the prediction of the success of labour induction 



Fig3. Elastographic and Bmode images of the cervix of a pregnant patient in the first trimester (32 weeks of GA) taken by 2  
practitioners. Left: First practitioner:10.4 kPa ± 1.6 kPa. Right: Second practitioner:11.3 kPa ± 1 kPa . 
 

Fig4. Cervical stiffness measured at mid-pregnancy (between 
24 and 35 weeks) versus term at delivery. All the patients who 
delivered early (before 36 weeks of GA) exhibit a much softer  
cervix.
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