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Abstract
Background Vascular rings (VRs) exhibit complex and diverse forms that are difficult to conceptualize using 
traditional two-dimensional (2D) schematic. Inexperienced medical students and parents who lack a medical 
technology background face significant challenges in understanding VRs. The purpose of this research is to develop 
three-dimensional (3D) printing models of VRs to provide new technical imaging support for medical education and 
parental consultation.

Methods This study included 42 fetuses diagnosed as VRs. Foetal echocardiography, modeling and 3D printing were 
performed, and the dimensional accuracy of models was analyzed. The value of 3D printing in the teaching of VRs 
was analyzed based on comparing the test results before and after the teaching intervention of 48 medical students 
and the satisfaction survey. A brief survey was conducted to 40 parents to assess the value of the 3D printed model in 
prenatal consultations.

Results Forty models of VRs were successfully obtained, which reproduced the anatomical shape of the VRs space 
with high dimensional accuracy. No differences in the prelecture test results were noted between the 3D printing 
group and the 2D image group. After the lecture, the knowledge of both groups improved, but the postlecture score 
and the change in the prelecture versus postlecture score were greater in the 3D printing group, and the subjective 
satisfaction survey feedback in the 3D printing group was also better (P < 0.05). Similar results were observed from the 
parental questionnaire, the vast majority of parents have an enthusiastic and positive attitude towards the use of 3D 
printed models and suggest using them in future prenatal consultations.

Conclusions Three-dimensional printing technology providing a new tool for effectively displaying different types of 
foetal VRs. This tool helps physicians and families understand the complex structure of foetal great vessels, positively 
impacting medical instruction and prenatal counselling.
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Background
Vascular rings (VRs), once the subject of case reports [1], 
are now recognized as uncommon but not exceedingly 
rare cardiovascular malformations [2, 3]. Prognosis var-
ies widely among patients with different types of VRs, 
and certain types (e.g., double aortic arch or pulmonary 
artery sling) could cause serious clinical symptoms asso-
ciated with tracheal and/or oesophageal compression, 
including stridor, dysphagia and recurrent respiratory 
infections, which could occur in early infancy [3]. Most 
infants present feeding issues or airway obstruction in 
their first year of life [4]. Thus, it is necessary to confirm 
the type of VRs prenatally and conduct family counsel-
ling to develop prospective care plans.

Currently, prenatal ultrasound is the preferred method 
to diagnose VRs and relies heavily on the technical skills 
of the operator. Effective training is essential to ensure 
consistently high diagnostic rates and quality care after 
birth. However, vascular anatomy is difficult to conceptu-
alize using traditional two-dimensional (2D) schematics, 
and many medical students still have insufficient under-
standing of the classification of VRs given the presence 
of complex and diverse abnormal forms. Parents, who 
typically lack this level of technical background, face an 
even greater challenge in attempting to understand the 
specifics of their children’s cardiovascular malformations 
[5]. In addition, it is also very difficult to interpret the 
spatial relationship from sequential 2D views because the 
complex VR structures typically involve multiple vessel 
abnormalities.

Three-dimensional ultrasound (3DUS) enables a more 
detailed assessment of the embryo and the foetus com-
pared with 2D ultrasound [6]. However, 3DUS involves 
visualization on a flat screen, which limits the interpre-
tation of complex spatial structures [7]. The introduc-
tion and development of 3D printing technology makes 
it possible to use hand-held individual anatomical models 

for teaching purposes and family counselling. 3D print-
ing technology has been used in cases of foetal congeni-
tal anomalies for presurgical planning in obstetrics [8]; 
didactic and research purposes in other areas of medi-
cine, e.g., 3D printing foetal brains [9]; and interactions 
with visually impaired pregnant patients [10]. In previous 
studies, our group initially validated the feasibility of con-
structing 3D models of the foetal heart and successfully 
produced a series of foetal heart models with abnormal 
ventricular-arterial connections [11]. In this study, we 
further focused on the branches of the great arteries in 
the upper mediastinum of the foetus, aiming to obtain 
different types of VR models. We hope to provide new 
technical imaging support for understanding the com-
plexity of VRs and to systematically evaluate the feasi-
bility and applicability of the use of 3D models to teach 
medical students about VRs and to provide effective pre-
natal counselling.

Methods
Study design
This study’s protocol was reviewed and approved by 
the Medical Ethics Committee of Renmin Hospital of 
Wuhan University (No. WDRY2018-K032). The safety 
and limitations of the examination were informed to 
the participants who gave their informed consent as 
required. Forty-two foetuses diagnosed with VRs and 
subject to cardiac ultrasound from May 2018 to Decem-
ber 2020 were enrolled in this study, with gestational 
weeks ranging from 21 to 31 weeks. Exclusion criteria 
comprised cases with poor 2D image quality, too much 
or little amniotic fluid, or foetal arrhythmia. The general 
information of the 42 cases of foetal aortic arch anoma-
lies is provided in Fig. 1, and these cases were classified 
into the following 4 group based on the type of VR. The 
left aortic arch group comprised 21 cases, including 
19 cases with an aberrant right subclavian artery and 

Fig. 1 General information of the 42 foetuses included in this study
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2 cases with a bovine aortic arch. The right aortic arch 
group comprised 12 cases, including 5 cases with Type I 
anomalies (right arch with mirror-image branching) and 
7 cases with Type II anomalies (right arch with aberrant 
left subclavian artery) [12]. The double aortic arch group 
comprised 2 cases. The other group comprised 7 cases, 
including 5 cases of aortic coarctation and 2 cases of pul-
monary artery sling. All cases involved left-sided ductus 
arteriosus. Eleven cases were diagnosed with additional 
cardiac lesions, including ventricular septal defects and 
conotruncal heart defects.

Volume data acquisition
The spatiotemporal image correlation (STIC) volume 
data for each case were obtained using Voluson E10 
ultrasound system (GE Healthcare, Chicago, IL, USA) 
and GE RM6C ultrasound transducer at a frequency of 
2–6  MHz. Maintain high frequency and scanning den-
sity machine setting, adjust the scanning angle to main-
tain the foetal spine at 5–7 o ‘clock. View of three-vessel 
trachea or coronal scan of the aortic arch was selected as 
the initial section at STIC mode after moderate magni-
fication of the image. The angle was adjusted according 
to the gestational week of the foetus, with 20–30 degrees 
for mid-trimester and 35–45 degrees for late trimester. 
The volume acquisition lasted 12 s. It is worth noting 
that as much of the brachiocephalic arteries as possible 
should be shown during data collection. Foetal move-
ment necessitated repeated volume acquisitions to obtain 
satisfactory data. At least 5 qualified volume data without 
obvious artifacts were acquired in each case for subse-
quent data analysis.

3D printing protocol
The volume data were exported as Cartesian.vol files and 
loaded into Mimics (version 19.0, Materialise, Leuven 
Belgium) for postprocessing. Threshold segmentation of 
the upper mediastinal region of interest was performed, 
during which the image boundaries were confirmed by 
an experienced sonographer. The minimum threshold 
was set to 0, and the maximum value was set to 65–110. 
Then, manual interactive segmentation was applied to 
remove noise signals and adjacent structures layer by 
layer. Objects were generated and exported to 3-MATIC 
(Version 11, Materialise, Leuven Belgium) using the 

following steps: repairing, wrapping and smoothing (the 
smoothing factor is 1.0) to reduce pixelation and any 
other errors/gaps in the model, and then adding a layer 
of surface with 0.5  mm thickness based on the vascu-
lar model. The 3D digital models of the vessel and its 
branches, including the ascending aorta, aortic arch, aor-
tic arch branches, ductus arteriosus, descending aorta, 
and pulmonary artery, were generated and subsequently 
saved as standard tessellation language (STL)format files.

The chosen STL files were printed with a Form2 3D 
printer (Formlabs, Boston, MA) using stereolithogra-
phy printing technology in photosensitive resin material 
(Formlabs, Boston, MA), which is a white opaque, hard 
and inelastic material. All models were 1:1 in size and 
scaled with a 3-fold factor to provide a deeper view of 
such small-sized cardiovascular structures. For a clearer 
display of the relationship between blood vessels and the 
trachea, a 3D-printed model of the trachea and bronchus 
was also constructed for this study. The workflow of 3D 
printing is shown in Fig. 2.

Quantitative assessment: analysis of 3D model accuracy
A frame plane in the Mimics segmented data set was 
selected for measurement to ensure that the two-dimen-
sional echocardiogram was the same as the plane on the 
segmented data set. Three anatomical sites were selected 
for each case based on the characteristics of the cases 
and the feasibility of the measurements. Measurements 
obtained using the ruler measurement tool included 
diameters of the aorta (AO), pulmonary artery (PA), duc-
tus arteriae (DA), left pulmonary artery (LPA), and right 
pulmonary artery (RPA). After the measurement is com-
pleted, the corresponding measurement position and 
value can be displayed synchronously on the 3D digital 
model, and the accuracy of the corresponding position of 
the 1:1 scale 3D printing model can be measured with the 
vernier caliper, as shown in Fig. 3. Each anatomical loca-
tion was measured three times with the mean value con-
sidered as final to reduce the bias. The accuracy of the 3D 
modeling was evaluated by comparing the difference of 
measurement between the model and image data.

Fig. 2 Workflow of 3D printing
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Qualitative assessment: applicability of 3D models
Medical education
Forty-eight ultrasound students from our hospital’s 
obstetrics and gynecology ultrasound department who 
received standardized training as resident physicians 
were recruited. Briefly, 48 third-year medical students 
were randomly assigned to either the 2D image group 
(n = 24) taught with the aid of a hand-drawn schematic 
diagram or the 3D printing group (n = 24) taught with the 
aid of 3D printed models. Both groups attended the same 
lecture on VRs in two separate 60-minute sessions each, 
presenting standard slides on embryology, anatomy, and 
classification as well as prenatal diagnosis and postnatal 
management of VRs. After an initial description of each 
category of VRs, both groups of students were allowed 
to freely analyse and manipulate teaching aids (2D hand-
drawn schematics or 3D printed models) throughout the 
lecture. Students were also free to ask questions about 
the models or schematics during the lecture.

To evaluate knowledge acquisition, each student 
answered the same multiple-choice test twice, pre- and 
postlecture, with a maximal score of 100 points corre-
sponding to 10 questions. The test assessed knowledge 
acquisition on embryology, anatomy, etc. At the end of 
the course, both groups were required to complete a brief 
5-question rated on a 10-point Likert scale to establish 
the perceived effectiveness of the educational method to 
the student.

Parent questionnaire survey
After obtaining consent, a cardiologist explain the child’s 
heart condition to 40 parents using a 2D hand-drawn 

schematic diagram. Then, the parents received the same 
explanation using a 3D-printed heart model. After each 
consultation, parents received a short survey of 4 ques-
tions rated on a 5-point Likert scale to assess their per-
ception of the use of 3D models in prenatal consultation. 
We deliberately chose to keep the questions concise and 
direct, as the scope of this study was limited to initial 
impressions of understanding based on each modality.

Statistical analysis
Statistical analyses were performed using SPSS Ver-
sion 22.0 (SPSS Inc., Chicago, IL). Continuous variables 
were described as the means ± standard deviations. 
Paired t test was used to compare the measurement 
results between ultrasound images and 3D models. To 
assess the agreement between ultrasound images and 
3D models, a Bland‒Altman analysis (Version 22.0, SPSS 
Inc., Chicago, IL) was used. The increase in score from 
pre- to posttest was calculated as the difference in num-
ber of questions answered correctly. Normally distrib-
uted continuous variables were compared with t tests 
and non-normally distributed variables were compared 
with Mann-Whitney tests, and categorical variables were 
compared with Fisher’s exact test. Changes in subjective 
survey scores were compared with the Wilcoxon signed 
rank test. All tests were assessed at the P value < 0.05 level 
of significance.

Results
General information of the subjects
A total of 42 foetal cardiac STIC images meeting the 
inclusion requirements were included in this study, 2 

Fig. 3 3D model accuracy evaluation. A. Aortic diameter measurement in the echocardiogram. B. STIC original data in the transection view to measure 
aortic diameter in Mimics. C. 3D object to measure aortic diameter in Mimics. D. 3D digital model to measure aortic diameter in the 3-MATIC. E. Measure-
ment of the aortic diameter in the 3D printed model
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cases were excluded from successful 3D printing post-
processing due to poor image quality, and 40 fetuses were 
ultimately included. The success rate of postprocessing 
was 95% (40/42).

General 3D printing information
The 3D model contained a wealth of spatial anatomical 
details, including the branches of the aortic arch or pul-
monary artery. As shown in Fig. 4A, the 3D model of the 
bovine aortic arch clearly showed the common origin of 
the brachiocephalic artery and the left common carotid 
artery from the aortic arch. The 3D model of the left aor-
tic arch with an aberrant right subclavian artery demon-
strated that the fourth branch of the arch originated at 
the beginning of the descending aorta and extended to 
the right and behind the trachea (Fig.  4B). The type of 
right aortic arch could be determined by models showing 
the location of the aortic arch and the origin of the main 
branches (Fig.  4C and D). The 3D model of the double 
aortic arch showed that the ascending aorta was divided 
into the left and right aortic arch and converged into the 
descending aorta. Branches on the left and right aortic 
arch could also be observed (Fig.  4E). The 3D model of 
aortic coarctation displayed the abnormal diameter of 
the aortic isthmus, which can be visually compared to 
the surrounding vessels. The 3D model of the pulmonary 
sling showed that the left pulmonary artery originated 
from the right pulmonary artery (Fig. 4F).

It took approximately 4 h to produce the model (includ-
ing image segmentation, postprocessing and printing). 
The total material cost of each 1:1 and 1:3 scale model 
material cost is approximately 10¥ and 30¥, respectively.

Quantitative measurements of anatomical accuracy
No significant differences in the parameters of the great 
artery (AO, PA, LPA, RPA, and DA) were noted between 
the printed models and echocardiographic images 
(P > 0.05). The Bland‒Altman scatter plots showed that 
of the five measurement sites, there are two data points 
(7.1%) of AO and PA diameter, two data points (6.7%) of 
DA diameter, one data points (6.2%) of LPA diameter, 

and one data points (5.6%) of RPA diameter were outside 
the consistency bound between 2D echo and 3D print-
ing model measurements. The consistency bound were 
(-0.09  mm, 0.11  mm), (-0.11  mm, 0.11  mm), (-0.1  mm, 
0.12  mm), (-0.08  mm, 0.07  mm), (-0.07  mm, 0.06  mm), 
respectively (Fig. 5).

Questionnaire survey
Overall, no difference in prelecture test scores were 
noted between the 3D printing and 2D image groups. 
Median global scores of 19.58 ± 8.88 and 18.33 ± 8.8 were 
obtained by the 2D and 3D groups, respectively (P = 0.67). 
Knowledge improved in both groups after the lecture, but 
greater improvements were noted in the 3D group com-
pared with the 2D group (77.08 ± 14.28 vs. 54.58 ± 13.65, 
P < 0.0001). A greater increase in the score was noted 
for the printing group compared with the control group 
(61.25 ± 16.4 vs. 39.17 ± 19.13, P = 0.001) (Fig. 6). The satis-
faction among students in the 3D printing Group and 2D 
image Group is summarized in Table 1. In the postlecture 
subjective satisfaction survey, the 3D printing group pro-
vided more positive feedback regarding learning inter-
est, learning efficiency, education depth, novelty and 
inspiration, and general satisfaction compared with the 
2D group, and the difference was statistically significant 
(P < 0.05).

The results of the parental questionnaire showed that 
98% of parents agreed that the 3D model could provide 
more beneficial information than2D hand-drawn sche-
matic diagram, and 92% of parents agreed that the 3D 
model was helpful to understand the abnormality of the 
foetal aorta and its branches. 85% of parents agreed that 
3D models could help to provide information about the 
disease in advance and reduce psychological burden. 92% 
of parents recommended using 3D models in future pre-
natal consultations (Fig. 7).

Discussion
VRs refer to a group of congenital vascular anomalies 
that encircle and compress the oesophagus and trachea 
[13]. There are many types of VRs. Due to the limitation 

Fig. 4 The 3D printing models of 6 cases. A. Bovine aortic arch. B. Aberrant right subclavian artery. C. Right aortic arch (type I). D. Right aortic arch (type 
II). E. Double aortic arch. F. Pulmonary artery sling. BCA: brachiocephalicus; LCCA: left common carotid artery; LSA: left subclavian artery; LAA/L-ARCH: 
left aortic arch; MPA/PA: pulmonary artery; DA: ductus arteriosus; RPA: right pulmonary artery; LPA: left pulmonary artery; T: trachea. RCCA: right common 
carotid artery; RSA: right subclavian artery; RAA/R-ARCH: right aortic arch; SVC: superior vena cava; DAO: descending aorta; AO: aorta; LSVC: left superior 
vena cava
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of the microscopic brachiocephalic blood vessel field 
of view and sampling angle, it is difficult for traditional 
ultrasound to display the whole picture regarding the ori-
gin and direction of the tortuous branch blood vessels. 
Thus, some sonographers lack experience and knowl-
edge regarding VRs. Sonographers often exclusively 
focus on the O- or U-shaped ring around the trachea 
displayed in the 3VT view, but some types of VRs show 
the same three-vessel and trachea (3VT) view, which 

Table 1 Satisfaction among students in the 3D printing Group 
and 2D image Group
Appraisal (score) 3D printing 

Group
2D image 
Group

P Value

Learning interest
Learning efficiency

7.5 ± 0.7
8.3 ± 0.4

5.4 ± 0.5
6.1 ± 0.5

0.03
0.01

Education depth 7.2 ± 0.8 5.6 ± 0.7 0.03

Novel and inspiring 8.8 ± 0.6 5.2 ± 0.6 < 0.001

General satisfaction 7.9 ± 0.5 5.7 ± 0.4 0.01

Fig. 6 Pre-and postlecture test results for the 2D image and 3D printing groups, ***P < 0.001

 

Fig. 5 Bland–Altman plots show comparison of AO diameter (A), PA diameter (B), DA diameter (C), LPA diameter (D) and RPA diameter (E) measurements 
between the 2D echo and 3D printing model. AO: aorta; PA: pulmonary artery; DA: ductus arteriosus; LPA: left pulmonary artery; RPA: right pulmonary 
artery; 3D: three-dimensional; SD: standard deviation
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makes it difficult to explain the complex spatial structure 
of the VRs to inexperienced young physicians and foetal 
parents.

Three-dimensional printing provides additional spa-
tial information for the prenatal stage [7, 14–16]. With 
the development of ultrasound technology, Doppler flow 
graphs in STIC mode can be easily post-processed and 
printed by 3D printers. However, due to the large number 
of vessels in the upper mediastinum, the image of small 
vascular volume is easy to produce aliasing effect. In pre-
vious studies, our team preliminarily verified the feasibil-
ity of constructing 3D models of foetal hearts and large 
arteries based on STIC volume data and successfully 
constructed a series of foetal heart models with abnor-
mal ventricular artery connections [11]. In this study, 
we further focused on the great arterial branches of the 
foetal superior mediastinum, through semi-automatic 
segmentation of the original STIC volume image, layer by 
layer tracking, each anatomical structure can be used to 
accurately locate and segment into a single entity to avoid 
overlap. Furthermore, by manually selecting the structure 
of the desired regions of interest (ROIs), any anatomy 
that does not required to be printed can be eliminated, 
leaving only the specific blood vessels to be printed, 
obtaining different types of VR models. Through in-
depth observation of the anatomical structure and spatial 
relationship of the great arteries, we hope to provide new 
technical imaging support to explain the structural com-
plexity of VRs. We also seek to evaluate the feasibility of 

the use of 3D models in educating medical staff about 
prenatal VR diagnoses and counselling parents of foe-
tuses with VRs.

Given the complexity of congenital heart disease 
(CHD), it is difficult to explain the complex 3D cardiac 
anatomy using simple 2D diagrams, as the true spatial 
relationships of cardiac structures are not represented 
[17]. It has been demonstrated that individuals vary in 
their ability to deduce 3D spatial relationships from 2D 
diagrams [18]. The inclusion of 3D printed models in 
CHD educational sessions thereby removes the compo-
nent of 2D image interpretation and “levels the playing 
field” for all learners [17]. In addition, 3D-printed adult 
or paediatric heart models have been shown to serve as 
a novel teaching tool in medical education and training 
[19–23]. Our research shows that this novel model teach-
ing tool is also suitable for teaching about prenatal VRs. 
The feedback forms also showed that residents found the 
models to be useful and engaging. The scores for learn-
ing interest, learning efficiency, educational depth, nov-
elty, inspiring, and overall satisfaction of the teaching 
method were all greater in the 3D group compared with 
the 2D group, and the students’ objective performance 
in VRs postlecture scores was significantly improved. 
These results are encouraging and confirm the anatomi-
cal advantages of using 3D printing. To the best of our 
knowledge, this is the first time that 3D printing tech-
nology has been used to visualize vessels in the foetal 
upper mediastinum. The 3D model provides anatomical 

Fig. 7 3D Model Questionnaire for Parent. A., Did 3D models provide additional information compared with 2D hand-drawn images? B., Did the 3D 
models provide a better understanding of foetal conditions? C., Did the use of 3D models in consultation help reduce psychological stress? D., Should 3D 
models be added to prenatal consultations regarding the diagnosis of vascular rings in the future?
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details of the origin and spatial course of major arteries 
and their branches, and the vascular ring formed around 
the trachea is also visually clear. The models had vivid 
effects and created vivid three-dimensional senses, pro-
viding an effective tool to help teach complex VR lesions. 
Furthermore, allowing hands-on learning with physical 
models inherently increases the interactivity of a session, 
potentially increasing learners’ retention of knowledge 
regarding CHD [20]. Although this study did not spe-
cifically assess long-term knowledge retention, learner 
satisfaction differed significantly in the 3D model group 
compared with the 2D model group and is known to cor-
relate with the retention of knowledge by adult learners 
in other domains [24]. Long-term knowledge retention 
will be formally assessed in future studies.

The same benefits that apply to medical education can 
apply to parental counselling. In addition to the accurate 
diagnosis of congenital vascular rings during the prena-
tal period, effective parent consultation is also critical. 
Classical visual education materials include 2D draw-
ings, which can be very difficult to understand since the 
cardiac and vessel regions exhibit abnormal anatomic 
features. Additionally, parents often experience addi-
tional anxiety and stress during counselling that further 
impacts knowledge exchange [25]. Studies have shown 
that 3D-printed models can provide a new medium for 
communication with parents of children with congenital 
heart disease [26]. 3D models are considered to be more 
direct and easier to use than medical images (such as 
echocardiography), and the use of 3D printed models as 
visual educational materials may greatly improve parent 
counselling [5, 27–29]. Similarly, the 3D model can also 
be used to improve future parents’ understanding and 
ability to cope with the condition of the VRs in the foetus. 
The customized information provided by the model can 
provide families with sufficient time to gather resources, 
make decisions and prepare for a reasonable postpartum 
management approach during birth in advance [30]. Our 
preliminary research demonstrates that parents respond 
positively and enthusiastically to the use of 3D models 
compared to traditional 2D images. In addition to help-
ing parents to better understand their children’s condi-
tions, the models can also help reduce psychological 
stress. Parents generally agree that 3D-printed models 
are a valuable tool in prenatal consultations for congeni-
tal vascular rings and hope to include such models in 
future consultations.

Although this is the first study to quantitatively evalu-
ate the use of 3D models in medical education and prena-
tal counselling in the prenatal stage, our sample size may 
not be sufficient to assess the true impact of 3D printing 
on medical education and prenatal counselling. We need 
to expand the sample size and refine the objective assess-
ments of its true impact. It is also important to note that 

although 3D printing has shown promise in the current 
study, the promotion of this new technology remains lim-
ited. The general consensus is that 3D printing requires 
significant additional time, and operators must be famil-
iar with foetal cardiac anatomy and proficient in ultra-
sound techniques and software operation skills [31–33]. 
After the research team acquires a certain amount of 
experience in postprocessing operations, it still takes 4 
to 5 h to complete a printed model. It is hoped that the 
combination of artificial intelligence and machine learn-
ing algorithms can be applied to the image postprocess-
ing process, thereby improving the efficiency of image 
acquisition in the 3D printing process. In addition, cur-
rent prenatal 3D printing research shows that the models 
are all rigid and inelastic anatomical models. Future work 
may require developing models with tactile accuracy and 
stable performance and improving current 3D printed 
models by colour-coding different parts to enhance 
patient and student understanding to provide more effec-
tive tools for teaching and prenatal counselling.

Conclusions
Three-dimensional printing technology allows extracor-
poreal reconstruction of foetal superior mediastinal ves-
sels. Three-dimensional models can accurately depict the 
spatial anatomy of the foetal aortic arch and its branches, 
providing a new tool for displaying different types of vas-
cular rings in the prenatal stage. This tool helps medical 
students and families understand the complex structure 
of foetal great vessels, which can positively impact medi-
cal teaching and prenatal counselling.
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