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Abstract
Background: For visually impaired or blind patients, the experience of pregnancy sets

them apart from nondisabled people for whom viewing of the first ultrasound has
become a social and emotional milestone.

Objective: We proposed the use of 3D-printed models to allow the societal inclusion
of visually impaired or blind expectant parents.

Patient Involvement: Visually impaired expectant parents were proposed to touch a
3D printed sensory vector of their prenatal classic ultrasonography.

Methods: After a classic ultrasound assessment was performed, selected volumes
were processed and 3D-printed with acrylonitrile butadiene styrene. Patient
satisfaction was recorded after they manipulated the models.

Results: A total of 42 prenatal 3D prints were for 12 expectant parents, used during
20 ultrasonographic sessions with visually impaired or blind expectant parents.
During 13 of them (65%), it was the mother who was affected by a visual loss
whereas the father was the parent affected by the disability during 7 sessions (35%).
The parent affected by the disability was congenitally blind and Braille-reader in 9
ultrasonography sessions (45%). All expectant visually impaired or blind parents
expressed very significant satisfaction with the use of 3D models for inclusive use.
Discussion: We have shown that acrylonitrile butadiene styrene-printed models
improve the sonographic experience of visually impaired or blind expectant parents.
They can thereby perform their own mental representation process by extrapolating
sensory information obtained from the 3D tactile support.

Practical value: These low-cost 3D-printed models improve the inclusion of visually
impaired or blind expectant parents, by offering them a sensory vector of information.

Funding: This work was supported by UNADEYV for 3D printing funding.



1. Introduction

A vision impairment affects approximately 1.3 billion people in the world, and it is
estimated that 36 million people are blind [1]. The World Health Organization
describes individuals with low vision as having a best-corrected vision of 20/60 or
worse, and blind as best corrected vision worse than 20/400, whereas legal
blindness is identified as 20/200 in the United States and most Western countries [2].
Either degree of visual handicaps may cause difficulties with all normal daily
activities, such as reading, moving, and many social activities.

For a pregnant woman, feeling a new life developing inside her body is an amazing
experience, even though she may feel discomfort of varying degrees at times. But
pregnancy is experienced differently from woman to woman according to their
experience, their background, and their medical history. For visually impaired or blind
patients, pregnancy may be a further situation of lack of access to experiences
common to visually nondisabled people [3]. Vision loss can lead to difficulties for
expectant parents, such as pregnancy embodiment, mental representation,
dependency upon oral description by health care providers, and early fetal
attachment. Specialized prenatal teams may use many options to solve these
difficulties. To increase blind women’s prenatal attachment, they may be helped to
palpate their abdomen, feeling the fetus’s position and movements, and to listen to its
heart. In addition, the sonographer can let blind expectant parents touch the medical
instruments or the sonographic probe before the examination in order to reduce a
fear of the unknown.

3D-printing technology from surface-rendered prenatal sonographic views has
recently allowed expectant parents to better apprehend fetal faces with cleft lip and

palate or other craniofacial abnormalities, significantly improving their comprehension



[4-6]. It has also been shown that using fetal facial models resulted in greater
increases in maternal-fetal attachment than the use of ultrasonography only [7].
While it is known that touch perception in visually impaired patients is significantly
enhanced through several tactile assistance technologies, such as Braille reading,
we suggest using 3D-printing technology as a sensorial vector to bridge the gap
between blind and nonblind expectant parents [8].

Here we present a case series highlighting the use of 3D-printed models to allow the

societal inclusion of visually impaired or blind expectant parents.

2. Methods

Included patients

This retrospective study examined all visually impaired patients who were given the
opportunity to manipulate 3D-printed models after prenatal sonography from June
2019 to August 2020. Only pregnancies that ended in a normal liveborn neonate
were included. Fetuses with a craniofacial abnormality of a syndromic condition were

excluded from this study.

The ultrasonographic examinations, including 3D-printing of tactile models between
12 and 28 gestational weeks, were performed in all visually impaired or blind referred
patients.

All study procedures were performed in accordance with the ethical standards of the
Helsinki Declaration. Informed consent from all expectant parents has been obtained.
Evaluation by an institutional review board was not required because of the
retrospective nature of the study. All data were anonymized, and the “Commission
Nationale de l'Informatique et des Libertés de France” (CNIL) declaration was

performed in accordance with French law.



Sonographic view acquisition

Examination was performed using a Voluson E10 ultrasound machine fitted with 3D
RM6C abdominal mechanical transducers (GE Healthcare, Velizy, France). A
surface-rendered coronal view of the face using 3D ultrasonography was employed
to complete the classical screening protocol. The analysis protocol was based on
multiplanar reconstructions in the three traditional orthogonal planes and
tomographic reconstructions.

Ideally, the fetal face should be in an anterior position facing the transducer, and the
mouth should be open or half-open. To obtain better 3D-printed results, the presence
of amniotic fluid is necessary around the fetal face, thereby allowing surface-
rendered structures to be isolated. The axis of the transducer was set in a strict
midsagittal plane, and the speed of the mechanical sweep was set for high quality
(slow sweep). Artifacts or structures that interfered with reading the ultrasound
volume were later removed using the electronic scalpel. The virtual lighting (HD Live)
was focused on the frontal view of the volume.

From ultrasound to the 3D-printed tactile model

After conversion of the source file in an STL format with our own software, we used
the Blender freeware to repair the STL file before 3D printing. 3D printing has been
performed with a low-cost UP Plus 2 3D printer. The UP plus 2 3D printer (Beijing
TierTime Technology Co. Ltd., Beijing, China) is a rapid prototyping machine based
on a fused deposition modeling technique that uses acrylonitrile butadiene styrene
(ABS) as a raw material. Up Studio is the software provided with UP Plus 2 3D
printers. 3D models were created layer by layer with a 0.15-mm thickness, allowing
to obtain a 3D model with a smooth to the touch surface. The created ABS models

were printed in fine quality and with a lightweight filling modality with adapted



dimensions, allowing to be easily held in one hand and handled with the other. The
choice of the material used was oriented to the ABS, which seems to provide a better
definition of printed models. On the other hand, plastic ABS models printed by the
low-cost 3D UPplus2® printer provide dimensional accuracy that is comparable to
other well-established high-cost professional rapid prototyping technologies [9].
Tactile procedure assessment

After we performed the classic ultrasound assessment, selected volumes were
processed and 3D printed with ABS. The encounter between each blind pregnant
woman and their own 3D tactile models was assisted by a psychologist specializing
in support of visually impaired persons and included associative support. When
necessary (i.e. for fetal face models), the 3D model was correctly oriented for tactile
reading. Satisfaction was simply assessed by a satisfaction questionnaire in the form
of a Likert scale performed orally at the end of reading the ABS-printed models (What
is your level of satisfaction with the tactile ultrasound in order to compensate for your
visual disability in ultrasonographic sessions? Low, intermediate, high, very high).
Descriptive data were calculated for the variables of interest. Quantitative variables
are expressed as medians (interquartile range Q1;Q3) because of their non-normal

distribution. Categorical variables are expressed as numbers (percentage).

3. Results

12 expectant parents have been included. A total of 42 prenatal 3D prints were
performed during 20 ultrasonography sessions with visually impaired expectant
parents. During 13 of them (65%), it was the mother who was affected by a visual
loss whereas the father was the parent affected by the disability during 7 sessions
(35%). Median age of the visually impaired parent was 33 (28;45). The parent

affected by the disability was congenitally blind and Braille-reader in 9



ultrasonography sessions (45%). In one case (5%), the printing concerned twins. 3D-
printed model characteristics are listed in Table 1 and examples are showed in
Figures 1-4.

Median weight of created ABS models was 52.5 (44.5;58.3) grams, median
dimensions were 81.6 (77.8;105.8) centimeters in length, 66.3 (65.3;78.6)
centimeters in width and 44.1 (36.0;46.6) centimeters in depth, and required 6.9
(5.8;12.6) hours to print in fine quality and with a lightweight filling modality.

All visually impaired or blind expectant parents expressed a very significant

satisfaction with the use of 3D models for inclusive use.

4. Discussion and Conclusion

4.1 Discussion
Prenatal ultrasounds are emotionally salient moments in the parental journey of blind

pregnant women. The first ultrasound is for many expectant mothers the moment
when they will concretize their pregnancy by hearing the sounds of the heart or
seeing the first profile of the fetus on the monitor of the ultrasound machine. Most of
them have never felt their baby moving at this stage of the pregnancy. However,
vision loss precludes having the same experience. Individuals who are blind must
rely on other senses, such as their sense of touch or hearing, in order to understand
the world around them. The practitioner must therefore use a particular protocol to
reduce the gap between visually impaired pregnant women and their visually
unimpaired peers. To increase prenatal attachment, he or she can help blind women
to palpate their abdomen, feeling the fetus’s position and movements, and to listen to
its heart. During the ultrasound exam, he or she has to take care to describe all

morphological details of the fetus with appropriates words, trying to compare the



main anatomical elements to those of the father or the mother. For example, a doctor
might say, “He has your nose.”

Werner et al. have previously reported the use of 3D-printed models from both
ultrasonography and magnetic resonance imaging (MRI) to enhance maternal-fetal
attachment of blind pregnant women [10]. While 3D-printing technology has
previously been reserved for some hyperselected cases benefiting from prenatal
computed tomography or MRI, it can now be performed from ultrasonography data
alone. Therefore, we used this technology to produce 3D-printed models obtained
from surface-rendered views of ultrasounds of the normal entire fetus between 12
and 28 weeks and gave visually impaired or blind expectant parents the opportunity
to handle these models. Prenatal tactile three-dimensional ultrasonography therefore
offers visually impaired people a sensory vector that is useful for bridging the
disability-related gap, allowing for societal inclusion.

Whereas vision and audition are recognized for providing highly precise spatial and
temporal information, the haptic system is especially effective at processing the
material characteristics of surfaces and objects [11]. In general, blind adults
outperform age- and sex-matched sighted controls on tasks involving the judgment of
tactile grating orientation and haptic 3D shape discrimination [12—14]. These haptic
tasks are performed using a different level of complexity. In a situation of lost vision,
the first step consists in stereotyped manual exploration procedures, such lateral
motion, pressure, or contour following [11]. But this sensory modality also has an
affective component, allowing the understanding of emotional expression [11,15]. It
has been shown that it is possible to tactually communicate culturally universal
human emotions by haptically exploring emotional expressions depicted on live

faces, 3D facemasks, and even 2D raised-line drawings [11]. Lederman et al. have



indeed shown that with little or no training, humans are capable of haptically
processing the facial identity of both live faces and facemasks and the common facial
expressions of emotion at levels well above chance, suggesting that manual contact
with the face constitutes a highly informative input channel [15]. It is therefore likely
that 3D-printed models representing the fetal face can be recognized by the blind
expectant parents and can represent a sensorial vector leading to parental emotions
in response to the discovering of the unborn baby. This tactile experience can enable
an emotionally richer aspect to the medical consultation, offering blind expectant
parents an accommodation that allows the first ultrasound appointment to be
refocused on the parents’ encounter with their unborn child. Blind parents can
thereby perform their own mental representation process by extrapolating sensory
information obtained from 3D tactile support.

Otherwise, Norman et al. suggest that early visual experience may play a role in the
blindness-related enhancement of solid shape discrimination [13]. They indeed
suppose that because congenitally blind persons have had little or no visual
experience, they cannot effectively generate the visual images needed for the visual
mediation of tactile input. We did not experience differences between congenital and
acquired blindness in how the patients in our series responded to the models. It is
possible that this assertion is true for the discovery of new shapes yet that it is more
moderate when congenitally blind people touch known forms, such as the human
face. In addition, Wong et al. have shown that proficient Braille readers on their
preferred reading index finger outperformed nonreaders, suggesting that tactile
experience drives tactile acuity enhancement in blindness [14]. In our series, even if

the number of participants was too low to assess this point, it appeared that all the



congenitally blind patients were Braille readers, perhaps explaining why their tactile
skill joined that of the patients with acquired blindness.
Finally, haptic understanding involves several material properties such as surface
texture, compliance, and thermal quality. These material properties could also be
involved in differences of haptic perception. Perceived surface texture might be
characterized, for example, in terms of its roughness, stickiness, slipperiness, or
friction. All these material parameters are capable of affecting the way people
perceive an object through their haptic system. It is likely that they depend directly on
the type of printed material used and printed-related parameters. 3D models of our
case series have been printed in ABS material with 0.15 mm layers. We tried others
3D printing materials. When layers are of equal thickness, liquid photopolymer resin
could offer a higher quality of tactile experience than ABS material (Figure 5).
Specific studies comparing material-related tactile experience are mandatory to
identify the optimal sensory vector. The haptic rendering of 3D printing will gradually
become more and more realistic, offering visually impaired parents’ a better quality of
discovery of their unborn child.

4.2 Conclusion
Through this case series, we have shown that ABS-printed models improve the
sonographic experience of visually impaired people. Different materials could be
used to achieve these models. Prospective evaluation of 3D-printing-assisted
prenatal diagnoses for visually impaired people is required.

4.3 Practice Implication
Offering 3D-print models to blind expectant parents can be easily achieved in
everyday practice since these models can now be printed from ultrasound data only.

In addition, we have shown that low-cost printing with ABS (less than $50) provides



very high satisfaction on the part of visually impaired or blind patients. Resin models

could also be made easily, with a slightly higher cost (less than $100).
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Tables and figures
Figure 1: Tactile ABS plastic 3D models of normal entire fetus at 12 weeks printed

with Up Plus 2, used as sensory vector in a blind pregnant woman to discover her
unborn child.

Figure 2: Tactile ABS plastic 3D model of fetal face at 28 weeks printed with Up Plus
2.

Figure 3: Tactile ABS plastic 3D model of fetal face at 27 weeks printed with Up Plus
2.

Figure 4: Tactile ABS plastic 3D model of profile view of fetal face at 23 weeks
printed with Up Plus 2.

Figure 5: Tactile photopolymer resin 3D models of normal entire fetus at 27 weeks
printed with Form 2, used as sensory vector in a blind pregnant woman to discover
her unborn child. Printing was performed with Form 2 3D printer (Formlabs Inc,
Somerville, MA 02143, USA) using a liquid photopolymer resin, which is cured with

an ultraviolet laser.



Table 1: Characteristics of patients who benefited from tactile ultrasonography

Parent Level of disability | Braille- | Age of Type of Level of | Number
affected by reader fetus at | 3D-printed | satisfaction of
the printing model printed
disability models
1 Mother Visual impaired No 12 ABS Very high 1
2 Mother Visual impaired No 19 ABS Very high 3
3 Mother Visual impaired No 22 ABS Very high 4
4 Father Acquired Blind No 22 ABS Very high 3
5 Father Acquired Blind No 28 ABS Very high 4
6 Mother Acquired Blind No 22 ABS Very High 1
7 Mother Congenitally Yes 12 ABS Very high 2
blind
8 Father Congenitally Yes 12 ABS Very high 2
blind
9 Mother Congenitally Yes 23 ABS Very high 2
blind
10 | Father Congenitally Yes 23 ABS Very high 2
blind
11 | Mother Congenitally Yes 27 ABS Very high 3
blind
12 | Father Congenitally Yes 27 ABS Very high 3
blind
13 | Mother Congenitally Yes 12 ABS Very high 2
blind
14 | Father Congenitally Yes 12 ABS Very high 2
blind
15 | Mother Acquired Blind No 13 ABS Very high 2
16 | Mother Acquired Blind No 24 ABS Very high 3
17 | Mother Acquired Blind No 22 ABS Very high 2
18 | Mother Acquired Blind No 28 ABS Very high 3
19 | Mother Acquired Blind No 23 ABS Very high 2
20 | Father Congenitally Yes 28 ABS Very high 2

blind





















