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ABSTRACT

The development of the housing for an ultrasound probe is a challenging aspect of
design, as it must combine functionality, ergonomics, and usability for the medical
device. This project shows how the development of the housing for an ultrasound
probe adopts a human-centered approach, basing the design on the needs of the end
user, particularly for those working in a healthcare institution, where the high-pres-
sure environment is a fundamental aspect to consider. For this reason, it is relevant
to involve the final user since the preliminary steps of development, thought iterative
and interactive test cycles, for the evaluation of ergonomics aspects, like the weight,
grip and shape, and of usability features like graphics, symbols and reference on the
housing. Housing probes include minor but impactful features that are not arbitrary
choices of design, but they are the output of studies on the behaviour and activities
conducted by the physicians, promoting precision and reducing the risk of injuries.
Attention to details is crucial to reduce the mental workload and enhance usability.
These aspects must match mandatory requirements, for example biocompatibility in
material selection, and they need to be inserted into a structure that allows the device
to achieve a good result in terms of performance, as well as being easy and comfortable
for the user. In conclusion, the development of the housing for an ultrasound probe
requires to match regulatory, performance and user-based requirements. Human-
centered approach consents to achieve harmony between these aspects, emphasizing
the importance of user feedback to achieve a higher level of satisfaction and simplify
workflows, as well as improving comfort during the use of diagnostic medical devices.
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INTRODUCTION

Ultrasound diagnostics is the most widely used imaging modality in the
world, thanks to its use of non-ionizing radiation and its versatility (Azhari,
2012). Ultrasound probes are widely used in the medical device field and
are employed in different environments and applications. Diagnostic ultra-
sound imaging is used for different parts of the body (Andreoni et al., 2015),
on different patient population (fetal, neonatal, pediatric, adult, human and
animal), and by different type of users (sonographers, physicians, radiolo-
gists, surgeons, anaesthetists, obstetricians, paramedics or veterinarians) (De
Luca etal., 2018).
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During the design and development of these medical devices, the manufac-
turer must meet several types of requirements, in particular:

— Technical requirements (e.g., acoustic performance and image quality)
— Regulatory requirements (e.g., safety, biocompatibility, and usability)
— Human factors requirements (e.g., ergonomics and usability).

Given the benefits brought to the development of medical devices by a
human factor engineering approach, there is growing recognition of the
importance of this methodology and the key role it plays in the development
of a safe medical device (Money et al., 2011).

In fact, human factors requirements intersect with regulatory requirements
when it involves usability, as medical device compliance must be in line with
IEC 62366 standard. As defined in the IEC 62366-1:2015 + AMD1:2020,
usability is the characteristic of the user interface that facilitates use and
thereby establishes effectiveness, efficiency, and user satisfaction in the
intended use environment. Usability is part of the regulatory requirements
for the design of a safe medical device.

Regarding ergonomics requirements, it is an important aspect in design and
development of ultrasound probe. In fact, the results of a study conducted
by Zangiabadi et al. (2024) showed that the prevalence of MSDs (Musculo-
skeletal disorders) among sonographers exceeded 90%. It is important, from
the ergonomics point of view, to collect feedback from the final users, to
avoid discomfort when using the device and ensure its suitability. For this
reason, it is crucial to involve the intended user, since from the earliest stage
of design and development, to define the main characteristic of the user inter-
face, through an iterative and interactive process (De Luca et al., 2019).

Usability and ergonomics are two different aspects that both involve the
user interface: usability is linked to risk analysis and aims to ensure safe
use of the device by preventing the user interface from misleading the user,
while ergonomics aims to ensure that the device can be used in a way that
meets the user’s physical and psychological needs, with the aim of prevent-
ing physical and psychological damage caused by repetitive actions (Jaffar
etal., 2011).

Both aspects see the user as the central figure around whom the device
must be developed, since the focus of modern technology is the improvement
of human interaction with the devices used in different work environments.

In the field of human-centered medical device design, it is important to
emphasize that even small changes to a device can influence user interaction,
improving workflow and simplifying use.

In fact, small and essential changes to the user interface can result in
more intuitive modes of use and a more comfortable form for everyday
use by the intended user. This project describes the design of an ultrasound
probe and the development of its user interface based on a human-centered
approach.
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DEVELOPMENT OF THE USER INTERFACE FOR AN ULTRASOUND
PROBE

The starting point for developing an ultrasound probe is clinical needs. These
define the application, the environment in which the probe will be used, and
the patient population. This information forms the basis for the device devel-
opment and consequently influences both the transducer type and the user
interface design (De Luca et al., 2018). The environment, type of application,
and patient population influence its shape, grip, and markers on the device.
They can also influence the graphics on the case. This paper describes the
development step by step, highlighting the human factors-based approach.

HUMAN FACTORS IN ULTRASOUND PROBE HOUSING DESIGN

In this paper the development of the housing for a phased array ultrasound
probe is described.

As preliminary design input, in addition to clinical requirements, an ini-
tial internal probe is selected as a reference for modeling the housing. The
following drawings show the reference probe used to develop the housing
design.

Figure 1: Internal probe used as an initial reference for housing development of a
phased array probe.
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In addition, a market analysis focused on customer needs was carried out
to investigate probes with characteristics similar to those required.

Based on these analyses, a preliminary proposal has been developed, shap-
ing the external form according to the dimensions of the internal circuits and
electronics.

The main differences are:

—Shape A: double reference recess, probe head shorter than others
—Shape B: single reference relief, intermediate heigh of the probe head
—Shape C: single reference recess, probe head higher.

Figure 2: Preliminary shapes of the phased array probe, according to the dimensions
of the internal circuits and electronics.

The three proposals result from a study on the variation of the head frame,
which promotes two different aspects: a more rounded, lower head frame
improves patient comfort, while a higher head frame allows better access to
the patient’s intercostal window. The reference on the housing is to identify,
through tactile recognition, the first element of the array, being the probe
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symmetrical, and it can also improve grip. These three proposals were sub-
mitted for evaluation by an expert group that gathers feedback from field
practice and end users.

The main aspect assessed in these proposals was the probe head size, aim-
ing to improve tissue coupling and maneuverability according to the body
area where the phased array probe is applied. According to users, option C
was the most comfortable from a footprint point of view, because it allows
for better movement in the patient’s intercostal space.

Then, different proposals were submitted based on the mockup of the
selected footprint (Option C), to show the possible combination of the tactile
reference on the housing.

(a) ®)

Figure 3: Option C with different references: (a) one relief, (b) double recess, (c) one
recess left, (d) one recess right, (e) double reference, one recess and one relief.

(c) (d) (e)

These options were explored for several reasons: on the one hand, the
recess on the probe handle provides a more comfortable grip through fin-
ger grooves; on the other hand, the raised reference provides immediate
information on the orientation of the probe and on where the first element
is located. Two design options were selected for user testing: the one with
a single raised reference (a), considered essential for device usability, and
the one with the double reference, raised and recessed on the opposite side
(e), to ensure usability and facilitate rotational movements. Proposals (b),
(c), and (d) were rejected for the following reasons: (b) did not include a
raised reference, and the final shape of the housing would have been sym-
metrical, completely losing the tactile information for probe orientation,
while (c) and (d) were rejected for aesthetic reasons, as the appearance of
the probe would have been too asymmetrical. From the first feedback, the
user highlighted the importance of having a tactile reference on the probe
to indicate its orientation. A subsequent test, conducted using mock-ups
only, showed that six out of eight users preferred the double reference:
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raised for indicating the orientation of the probe and, on the opposite side,
recessed to facilitate rotational movements. The reason behind this choice
was explained by emphasizing the greater grip and stability of the han-
dle. The other two users expressed a preference for the raised reference,
not understanding the function of the recess, but without highlighting any
potential usability risks related to the probe.

Then, according to user feedback, option (e) was chosen to continue the
ergonomic study. Once the handle was chosen, the study focused on the
probe headframe and three other proposals were developed.

Figure 4: Option (e) (refer to Figure 5) with different headframe.

Then, another round of testing was done with users, suggesting a more
pointed shape based on user feedback for even better insertion into the
patient’s intercostal space. As a result, users expressed their preference for
the more pointed prototype (the one with the yellow head) based on its bet-
ter insertion between the ribs during the exam. It was also requested that
the probe be made less symmetrical, specifically less spherical in the central
part and thinner on the lateral side, to make it easier to grip. In addition, a
simulation was performed with the probe, using the final material, and it
was requested that the recess be removed, as the single raised reference was
considered more effective. With the previous 3D printed mock-up, it was
considered necessary, for better grip, to have a recess that would allow for
better suitability, accommodating the fingers in the groove. By streamlining
the shape laterally and using the final material, this detail was no longer
necessary, according to users. Furthermore, the involvement of the usability
team revealed that the most common practice in the field is to include a single
reference to allow the user to identify the orientation of the probe by tactile
feedback. Therefore, it was decided to follow current practice in the field,
avoiding the inclusion of additional references that would be unnecessary
at this stage. Risk analysis plays a significant role in designing a safe device
that does not induce the user to make a misleading error. Then, the following
drawings illustrate the final shape.
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Figure 5: Phased probe final shape.

At this point, the graphics for the probe were discussed.
It was requested that the probe’s logo and name! be included in the graph-
ics, as shown in the image below.

e,

Figure 6: Phased probe final graphics.

Following this iterative and interactive study, the probe was then developed
and produced, as a result of a human-centered approach, which involved
users from the early stages of the project.

! The label NAME is for illustrative purposes only, to give the reader an idea of where the name of the
probe will be positioned.
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Figure 7: Final product photo.

CONCLUSION

The study of interactions between end users and medical devices is becom-
ing increasingly important during the development phase of new projects.
In this context, planning activities that involve users early on is essential to
implement changes that, although seemingly minor, involve project revisions
and can be significant for the end user. The new challenge for medical device
manufacturers is to facilitate workflow and overall use to improve efficiency
and human-machine interaction. This is why usability and ergonomics stud-
ies, and more generally human factors, become a crucial aspect of the design
phase.
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