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Figure 1: It is estimated that 1 in 12 pregnancies is complicated by 
traumatic injury. The leading causes of maternal injury during pregnancy 
are domenstic violence, motor vehicle crashes, and slips and falls [1]. 
The etiology of fetal injury death attributes 82% to motor vehicle 
crahses, with fetal loss more likely with more severe trauma  [1].

Figure 2: Approximately 1 out of every 3 
babies in the United States is born via Cesarean 
Section [2]. Previous Cesarean Section 
increases the risk of uterine rupture and 
preterm birth in subsequent pregnancies [2,3]. 

NEED: quantify 
maternal anatomy 

for injury modeling

Figure 3: Maternal reproductive anatomy undergoes extensive growth and remodeling 
during pregnancy [4]. In order to quantify these changes, a widely implementable 
method to measure and model these tissues across gestation is necessary.
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Figure 4: Dimension measurements from 2-dimensional ultrasound images capture 
the overall uterine and cervical shape and size [4]. Ultrasound is very common in 
prenatal care, and can be implemented in various positions and gestational ages.

Figure 5: Measurements collected via ultrasound can be used to generate parametric 
patient-specific models of maternal anatomy. Using the Design Table feature in 
SolidWorks, geometries can be automatically built from maternal measurements [4].

Figure 6: Models of the pregnant uterus and cervix for one participant from the late 
1st to middle 3rd trimester, with the source ultrasound overlayed [5]. 

Figure 8: Ultrasound can monitor growth of 
maternal and fetal anatomy concurrently [5].

Figure 10: Parametric approaches can also be used to quantify 
cesarean section scars and their defects (niches). Clinical studies have 
found scar location to affect subsequent risk of preterm birth [6].

Figure 11: Initial efforts to model cesarean 
section scar location and niche size, which can be 
used to study anatomic mechanical response.

[1] Mattox, Kenneth and Goetzl, Laura, “Trauma in pregnancy,” Critical Care Medicine,  33(10):S385-S389, 2005.
[2] Osterman, Michelle et al., “Births: Final Data for 2022,” National Vital Statistics Reports, 73, 2, 2024.
[3] Glazewska-Hallin, Agnieszka et al., “Late-stage Cesarean section causes recurrent early preterm birth: how to tackle this problem?” Ultrasound in   
      Obstetrics and Gynecology, 54(3):293-296, 2019.
[4] Louwagie, Erin et al., “Longitudinal ultrasonic dimensions and parametric solid models of the gravid uterus and cervix,” PLOS One,                                                             
      16(1):e0242118, 2021.
[5] Louwagie, Erin et al., “The biomechanical evolution of the uterus and cervix and fetal growth in human pregnancy,” npj Women’s Health, 2, 33,    
      2024.
[6] Banerjee, Amrita et al., "Prediction of spontaneous preterm birth in women with previous full dilatation cesarean delivery," American Journal of   
      Obstetrics and Gynecology - Maternal Fetal Medicine, 6(3):101298, 2024.
[7] Scott, Adrienne et al., "Biomechanical Modeling of Cesarean Section Scars and Scar Defects," CMBBE 2023, Computer Methods in Biomechanics   
      and Biomedical Engineering II pp. 67-76, 2024. 
[8] Cook, Robert and Oyen, Michelle, “Fracture Mechanics of Placental Release and Abruption,” 2023. doi: 10.5281/zenodo.8021588

Research reported in this publication was 
supported by the Eunice Kennedy Shriver 
National Institute Of Child Health & Human 
Development under Award Number 
R01HD091153 to K.M. The content is solely 
the responsibility of the authors and does not 
necessarily represent the official views of the 
National Institutes of Health. 

Scar Scar+Niche

A
t I

nt
er

na
l O

s
+5

m
m

 A
bo

ve
 

In
te

rn
al

 O
s

-5
m

m
 B

el
ow

 
In

te
rn

al
 O

s

Scar+Niche Cesarean Section Scar and Uterine Rupture Risk

Figure 12: Finite element models could be used to assist risk of 
uterine rupture in the at-term uterus [7]. They can also be used to 
investigate the effects of scar stiffness and location.

Placental Abruption

Figure 13: Maternal injury increases risk of placental 
aburption, which can lead to hemorrhage. Future 
work will thus include the placenta in the models. 
This will include making the size, shape, and position 
of the placenta parameterizable, as these are 
patient-specific. Additionally, models of placental 
abruption will incorpate existing fracture mechanics 
theory on strain energy mediated fracture [8].
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Figure 7: Intrauterine diameters in the (a) inferior-superior, (b) anterior-posterior, 
and (c) left-right direction increase steadily with gestational age [5].

Figure 9: Maternal position can 
affect the shape of the anatomy [4].


