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Introduction

Preterm birth (PTB) is birth before 37 weeks. Globally
it occurs in 10% of pregnancies [1]. Despite its
prevalence, PTB is difficult to predict and prevent [1,2].
Clinically, a short cervical length measured via
transvaginal ultrasound and a history of PTB are
predictors of PTB. Yet, cervical length screening
sensitivity is only around 50%, and it is particularly poor
at predicting PTB in low-risk populations and first-time
pregnancies [3]. In this study, cervical aspiration
stiffness is reported for pregnant patients at high- and
low-risk for PTB. Additionally, patient-specific
computational models are constructed from ultrasonic
maternal anatomy and cervical stiffness to calculate
overall cervical structural integrity. The biomechanical
integrity of the cervix is compared between patients who
deliver preterm and those that deliver to term.

Methods

Ultrasonic dimensions of the maternal uterus and cervix
and in-vivo cervical aspiration stiffness (Pregnolia AG,
Switzerland) were measured between 16-24 weeks
gestation using an Institutional Review Board approved
protocol at Columbia University Irving Medical Center.
Measurements were taken in three clinical patient
cohorts: 1. high-risk (sonographic short cervix and no
history of PTB, n=17), 2. high-risk (history of PTB,
n=26), and 3. low-risk for PTB (normal cervical length,
n=50). Using our established parametric modeling
methods [4], we built models of each patient’s uterus,
cervix, fetal membrane, and supporting abdomen. We
discretized models into elements (Hypermesh Altair,
Troy, MI) and assigned all tissue material properties
based on existing data, with a patient-specific cervical
fiber stiffness determined through inverse finite element
analysis (FEA) of the in-vivo aspiration procedure.
Physiologically inspired loading, contact, and boundary
conditions were applied, and FEA was run in FEBio
Studio v1.3.0 for 16 patients from each cohort [5].

Results

The first principal stretch magnitude is generally larger
in the high-risk group than the low-risk group (Fig. 1).
The patients from the high-risk group who delivered
extremely preterm (<28 weeks) have the largest 1st
principal right stretches at the uterocervical junction and
the lowest of all cervical stiffnesses by aspiration.
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Figure 1: A) Cervical aspiration measurements and
gestational outcomes. B) 1I°' principal stretch in the
proximal cervix for a subset of subjects at high- and low-
risk for PTB.

Discussion

The computational results show a distinct stretch pattern
in patients at high-risk for PTB, with excessively high
radial stretches at the utero-cervical junction. The
increased stretch at this junction in patients who
delivered extremely prematurely shows that uterine wall
tension is a driving factor in causing cervical funneling.
Additionally, patients who delivered extremely preterm
had the softest of cervices. A powered clinical study is
needed to prove cervical stiffness and overall structural
integrity are better predictors of PTB.
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