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ARTICLE INFO ABSTRACT

Keywords: Background: There is an intrinsic link between radiology and anatomy and the importance of being able to
Anatomy convert knowledge from 3D structure to 2D image, and vice versa. Medical students must learn how to use
Undergraduate medical education anatomical knowledge to interpret radiological images, and with the increasing use of point-of-care ultrasound
Ultrasound in clinical practice, the ability to interpret ultrasound scans is becoming more of a core skill for graduating
Medical students doctors.

Radiology

Rationale: Several recent systematic reviews of the literature have been undertaken showing the benefits of
incorporating ultrasound in anatomy teaching, including appreciation of the dynamic nature of living anatomy,
better understanding of anatomical structure, and improved motivation to study. However, there is a lack of
consensus in the way ultrasound teaching should be incorporated into undergraduate medical anatomy.
Approach: This article reflects on a pilot of integrating ultrasound into the medical undergraduate anatomy
teaching in the School of Anatomy at the University of Bristol. It shares the experience and how some of the
challenges cited in the literature have been approached.

Recommendation: To help others negotiate the challenges of implementing this valuable teaching experience, a
‘Six Step Model’ for developing a live ultrasound pilot for undergraduate medical anatomy is offered: Expertise,

Curriculum development

Education, Ethics, Environment, Equipment, Enlist.

1. Introduction
1.1. Ultrasound in medical education and practice

The interpretation of radiology images, including ultrasound, is a
key way medical students will use anatomical knowledge throughout
their careers [1,2]. There is growing use of ultrasonography at the point
of care in clinical medical practice, especially in improving the safety of
clinical procedures, for example chest drain and central line insertion
[3]. Advantages of ultrasonography include that it is non-invasive, has
no exposure to ionising radiation, is quick to perform (by a skilled
operator) and produces high quality images on devices which can be
easily portable.

The use of ultrasound within undergraduate medical education is
also longstanding, with practical ultrasound teaching being reported in
the literature since the 1990's [4,5]. Live ultrasound has the added
advantage of showing the movement of structures and the dynamic
status of the human body, features which may be lost in the traditional

* Corresponding author.
E-mail address: sarah.allsop@bristol.ac.uk (S. Allsop).

https://doi.org/10.1016/j.tria.2020.100088

teaching setting of the anatomy cadaver lab.

Integration of ultrasound within medical curricula was reported in
around 62% of US Medical Schools in a national survey in 2014 [6]. In
the UK, the current literature is suggestive that many UK based in-
stitutions are also incorporating ultrasound teaching into their curri-
cula, both in anatomy and point of care ultrasound training [7-9]. The
UK General Medical Council's national guidance document for under-
graduate training, Outcomes for Graduates (2018), makes no specific
mention of radiological techniques, but more generally recommends
that medical graduates must understand the principles behind choosing
appropriate investigations for their patients and must be able to inter-
pret the results [10].

Whilst this leaves scope for individual medical schools to develop
and innovate, it does not give a strong message as to the place of ul-
trasound within the curriculum. The literature highlights variability in
how ultrasound teaching is incorporated in different institutions, in-
cluding differences in topics, methods and amount and timing of de-
livery [11-13]. Regardless of the delivery style, ultrasound teaching is
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reported as being well received by medical students [14-16].

Ultrasound is also being used, both as a teaching tool and as training
for use diagnostically [17]. Patel et al. (2017) showed that those pro-
grammes implementing such teaching earlier, were aiming to support
students to become familiar with interpreting imaging, introduce them
to ultrasound technology, and were using the technique as an adjunct to
other teaching modalities in anatomy. Those programmes using ultra-
sound teaching later were more likely to be doing so in a clinical set-
ting, demonstrating point of care ultrasound to teach more practical
ultrasound skills to students [12]. Regardless of setting interpreting the
visualised anatomy remains central.

1.2. Incorporating ultrasound in medical anatomy teaching

Using ultrasound within anatomy teaching in undergraduate med-
ical education has been explored by multiple approaches over the past
30 years [5]. Whilst there is both agreement and evidence that ultra-
sound should be integrated into medical undergraduate anatomy
teaching [6,12], there is limited consensus on when and how this
should happen [11]. There is variation seen between institutions, ran-
ging from single teaching sessions to whole courses and in delivery
methods, from watching short video clips, through to independently
performing scans. Feedback is consistent across the methods, with
students reporting ultrasound useful and interesting in enhancing
anatomy education, and in linking anatomy knowledge to clinical
practice [7,12,18]. However, there remains limited evidence on the
long term impact of the integration of ultrasound teaching [11-13,19].

Examples of institutions who have published their ultrasound cur-
ricula include West Virginia University School of Medicine, University
of South Carolina School of Medicine, Ohio State University, and at
School of Medicine at Leeds, UK [20-23].

1.2.1. Advantages of using ultrasound to teach anatomy

The list of key advantages cited in one of the first reported uses of
ultrasound for anatomy teaching by Teichgrdber et al. (1996), still
holds as an excellent list today [4]. These are quoted directly as:

® Juxtaposition of dynamic topography of anatomy on the living and static
topographic situation in cadavers

e Comparison of the topography of young adults and of elderly individuals
(anatomy of cadavers)

® Juxtaposition of a modern imaging method and a classical anatomic
dissection

® Accurate determination of organ sizes

e Comparison of cross-sectional ultrasound images and anatomical ca-
daver cross-sections

® Depiction of topographical relations of vessels and organs, with con-
sideration of physiological phenomenas (e.g. respiratory variations of the
portal vein)

e Motivation to study anatomy, since more clinically oriented teaching
encourages the students to strengthen their knowledge in anatomy

o Improvement of the three-dimensional anatomical imagination

Table 1
Challenges of using ultrasound to teach anatomy.
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1.2.2. Challenges of using ultrasound to teach anatomy

With decreasing space within modern medical curricula for any
single discipline and increasing student numbers, innovation can be
difficult. Examples of challenges when incorporating live ultrasound
teaching into anatomy cited in the literature are summarised in Table 1.

Much of the literature offers recommendations about how to
manage some of these challenges, and Griksaitis et al. (2014) [27] of-
fers an excellent set of twelve tips for implementing ultrasound
teaching in the undergraduate medical curriculum.

In this article we share our experience, how we dealt with chal-
lenges during our initial pilot of live ultrasound into the medical
anatomy curriculum at the University of Bristol School of Anatomy and
offer a model for integrating live ultrasound sessions in anatomy.

1.3. Ultrasound use during medical anatomy teaching at the University of
Bristol

Medical anatomy teaching at Bristol is led by a skilled team of
educators with both anatomical and clinical experts. Most of the
anatomy teaching is delivered in the first two years of the medical
programme. A multi-modal approach is used, utilising cadaveric, pa-
thological and osteological specimens alongside modern radiological
imaging techniques, as well as online resources, textbooks and student
workbooks. Topographical and applied anatomy are taught together,
including surface anatomy, and the anatomical knowledge under-
pinning safe clinical examination and procedures. This aims to guide
medical students to learn anatomy in the context of their future medical
practice.

Prior to 2016, our students had limited exposure to live ultrasound
during the early years of medical training, and none during anatomy
teaching. At that time there was a drive from the medical school to
increase the amount of ultrasound teaching for medical students. Over a
2-year period a pilot was undertaken to introduce a live ultrasound
demonstration as part of the radiology section of the gastrointestinal
anatomy teaching for year 2 medical students. The 30-min live ultra-
sound demonstration was incorporated into a 1-h session, where the
students also had stations on radiographs, computerised tomography
(CT) and magnetic resonance images (MRI). Whilst these later mod-
alities were already incorporated into all medical anatomy practicals,
the ultrasound session was novel within the session.

2. Methodology: Setting up a live abdominal ultrasound session

In order to set up our live ultrasound session, we considered several
key components in the planning process. The outline requirements for
this are summarised in Fig. 1, which is then expanded throughout the
following methods section. We explain our rationale and discussion of
decisions alongside our methodology to support the reader in under-
standing our choices during the development process.

2.1. Expertise: Ultrasound champions

A collaboration was established between the radiology lead for the
medical programme and a member of academic staff in Anatomy (the

Curriculum/Teaching issues Equipment issues

Participant issues

Time available in curricula [14]

Focus of teaching, for core focus on anatomy or training on how
to use ultrasound [25]

Training and competency issues of staff [8]

Hands-on versus demonstrated teaching [12]
Cohort/class sizes [15]

Availability of equipment [15]
Size of viewing screen/quality of image on
ultrasound machines [16]

Difficulty of interpreting images [24]

Potential safety hazards from repeated scanning of
individuals [26]

Discovery of pathology/conditions in volunteer models
requiring further investigation [26]
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Fig. 1. Outline requirements for the live ultrasound teaching sessions during
anatomy teaching of year 2 medical students at the University of Bristol.

medical anatomy team lead), to develop the live ultrasound session.
Identifying ‘ultrasound champions’ with expertise, leadership and ac-
countability for teaching has been determined as one of the key steps to
initiating a program [15,21,28]. We chose to have an ultrasound
champion in both clinical radiology and anatomy to bring together
shared expertise, and avoid the difficultly cited by some institutions of
having a single champion becoming a single point of failure, should
they be unavailable [15].

2.2. Education: Core focus and Intended Learning Outcomes (ILOs)

2.2.1. Aims

The aim of the live ultrasound demonstration was to support the
students understanding of living anatomy. It is important to note that
we were not aiming to teach students how to perform an ultrasound
scan, as developing competence in even a single type of ultrasound
scanning takes significant time and training [29]. Instead the focus of
the session was to visualise living anatomy, allowing students to con-
textualise their knowledge, and gain an insight into the value of this
scanning modality [25]. This distinction is important for both the fa-
culty and the students, so that expectations and resource requirements
are clear from the start.

The abdominal scan was chosen for the pilot session as it is less
likely than some other scans to cause undue distress to the volunteer
models, who can be draped to preserve dignity; only their abdomen
need be exposed. A thoracic scan to include the heart was ruled out due
to the intimate nature of this scan. The anatomy visualised during the
teaching scans was in line with the recommendations from the British
Medical Ultrasound Society guidelines (p49-50) for abdominal ultra-
sound examination principles [30], with the exclusion of pelvic
anatomy. All scans were performed using external transducers.

2.2.2. The ILOs for the session were as follows

e To consider the indications for ultrasound scanning*

e To discuss the cost vs benefits of ultrasound scanning over other
modalities*

e To review the appearance of abnormalities on ultrasound scans e.g.
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calculi, hernias, aneurysms*

® To view a live abdominal ultrasound scan, identifying the structure
and appearance of the major abdominal organs (liver, kidneys,
gallbladder, spleen, pancreas, small and large intestine, bladder)
and associated blood vessels

* These outcomes were covered in self-directed learning using on-
line and workbook resources, not during the live demonstration.

2.3. Ethics: Obtaining appropriate approvals

2.3.1. Programme approval

The plan for the pilot was put forward to the Medical School
Programme Management Committee by the ultrasound champions, to
ensure top-down senior support, and following evaluation, agreement
for expansion of the model into more sessions within the programme.
The experience of those institutions who have implemented larger ul-
trasound training programmes is that this approach is paramount to the
successful implementation of innovations at a strategic and adminis-
trative level [28]. We set up our pilot with a single session. The re-
commendation of starting small, with a view to gradually increasing the
number of sessions, makes agreement, timing, and funding, more
achievable [21,31].

2.3.2. Ethical review

The pilot was conducted under University of Bristol Ethical
Approval Number: 44883. This included all plans for consenting both
participating staff and volunteers. As part of this process, information
sheets were provided for all staff and students to detail the expectation
of the scans, how any issues would be dealt with, and where to go to ask
for help or advice. Due to asking students to act as volunteers in front of
their peers, it was of importance to us that they could understand fully
the expectation of the scanning process, and that they knew they could
leave the pilot at any stage without negative consequence on their
coursework (See also section 2.6.2 on volunteer models.).

2.4. Environment: location, timing, cohort, class size

2.4.1. Location

Bristol School of Anatomy is a large centre with both human and
veterinary anatomy teaching facilities and a postgraduate clinical
anatomy training unit on site. With the agreement of the Centre
Manager we secured two private rooms to run the scanning sessions
over a 1.5-day period. These rooms were large enough to have 10-20
observing students, with an examination couch for the volunteer model,
a full-size scanner and the clinician performing the scan. The room
doors were also obscured using screens to ensure privacy of the sessions
from the corridors outside. Each room was also equipped with a large
visual screen to allow images from the ultrasound scanner to be pro-
jected at an increased size.

2.4.2. Timing

Our pilot was incorporated within the curriculum in 2016 and 2017.
There was no ‘extra’ time made available for the session, so an existing
session in year 2 was reworked to incorporate it. This aligns with the
experience in the literature of introducing live ultrasound into pre-ex-
isting anatomy teaching sessions [27]. The basic topographical regional
anatomy of the abdomen and pelvis had already been covered in prior
practicals during the year 1 of the programme. The students had also
had an introduction to the basics of radiological modalities including
ultrasound during their year 1 teaching. As preparation for the session,
students had to revisit these year 1 learning materials, to support de-
velopment of a constructivist approach to learning; whereby the stu-
dent increases their depth of understanding by building on what has
come before [32]. This spiralled learning is a key approach to all of our
medical anatomy teaching.
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2.4.3. Cohort

The year 2 cohort at the time of the pilot was 250 students. Given
the cohort size and time available, it was not practicable to offer all
students ‘hands-on’ experience of scanning. Whilst ‘hands-on’ time may
be considered beneficial to the students in terms of their understanding
and enjoyment of the session, it is acknowledged in the literature that it
is not always possible [27,29]. We therefore opted for a demonstrated
scan.

2.4.4. Class size

Usually our medical students are taught anatomy in large groups
(n = 80-90) with the teaching delivery repeated three times each week
to accommodate the whole cohort. The ultrasound sessions were de-
livered to smaller groups (n = 10-20) for two key reasons. Firstly, to
allow students to view both the images projected from the scanner and
the probe in the hand of the person performing the scan, to aid un-
derstanding of how images are obtained, and improving visuospatial
orientation [27]. Secondly, this smaller class size was felt to be less
intimidating for the volunteer models. Some teaching models in the
literature propose performing a live scan in a full lecture theatre, i.e. to
the whole cohort in one sitting, which is useful where the availability of
rooms, equipment or personnel prohibits reducing the class size [8], but
for the reasons given above, we would recommend smaller class sizes as
an optimal approach.

2.5. Equipment: scanner choice and availability

Loan of equipment for our pilot was kindly donated by Toshiba
Medical. This allowed us to use full size, high quality scanning ma-
chines, Aplio 500 (used in 2016) and Aplio i900 (used in 2017), which
have optimal picture resolution, a difficulty cited by some programs
using portable devices for ultrasound sessions [8,16]. However the
image quality of portable devices has improved dramatically over the
past few years. Bearing in mind the complexity and cost of full ultra-
sound machines, consideration for purchasing cheaper, simplified and
more portable machines for the longer term may be both sustainable
and fit for purpose. Other equipment required is an examination couch
with appropriate drapes, ultrasound gel and wipes.
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2.6. Enlist: Recruiting your faculty and volunteer models

2.6.1. Faculty

We enlisted clinicians with sonography experience to perform all
scans. All clinical personnel were recruited by the clinical ultrasound
champion and were working junior doctors training in radiology
(Faculty for the Anatomy Ultrasound Teaching Session, 2017 shown in
Fig. 2). These doctors were well placed to consent the volunteers and to
answer their questions. Additionally, should there be unexpected
findings on any of the scans, these clinicians could counsel the volun-
teers and organise appropriate follow-up as required. All teaching staff
participating in the pilot were fully consented for their participation in
the pilot and any subsequent research/publication of the work (see
2.3.2 Ethical Review).

Some studies have investigated training anatomy staff to perform
the scans [33]. This was not possible during our pilot due to limitations
in availability of clinical staff and equipment to facilitate such training.
Running ultrasound demonstrations with experienced staff has also
been shown to improve the perceived value of the experience by stu-
dents [15]. Having clinically qualified and experienced staff performing
the scans was also reassuring to our volunteer models.

2.6.2. Volunteer models

We recruited student volunteers from the year 2 cohort to act as the
models. A comprehensive information pack was made available to all
volunteers prior to signing up (see 2.3.2 Ethical Review). All volunteers
were fully counselled and consented for their participation and were
free to leave at any point without any negative consequence.

To limit the exposure to multiple examinations, several volunteers
were recruited for each 3 h teaching session, with each volunteer being
scanned for 1 h only (two 30 min demonstration scans). Each volunteer
was asked to starve for 4-6 h prior to the scans to optimise visibility of
the abdominal organs, aid distension of the gallbladder and reduce
intestinal gas [30]. The detail of the teaching scans is given in section
2.2. Some studies have suggested that it is important for the volunteer
to be able to see the scanner image so that they can learn whilst par-
ticipating. We took this a step further by asking the volunteers to attend
with their usual study group to learn and then to attend a different
group as a volunteer. We felt this would mean the student did not have

Fig. 2. Faculty for the Anatomy Ultrasound
Teaching Session, 2017. Front row L-R: Dr
Sarah Allsop (Medical Anatomy Lead
2013-2019), Dr Lucinda Frank, Dr Lucy
Boyle. Back row L-R: Prof. Sanjay Gandhi
(MBChB Programme Radiology Lead), Dr
Jacob Whitworth, Dr Matthew Jaring, Dr
John Spillane (consent obtained for image
publication).
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to try to perform two roles at one time and could fully engage in the
learning during their own taught session.

All volunteers were pre-scanned prior to the teaching scanning
sessions (see 2.6.3 Pre-scanning).

2.6.3. Pre-scanning

One of the significant challenges cited in the literature is the po-
tential for pathology, or unexpected conditions such as pregnancy, to be
found in the ‘healthy’ volunteers during the scans [15,27]. Pre-scanning
of volunteer models prior to the teaching scans is recommended to
ensure any abnormalities found in advance can be followed-up [27].

We completed all the pre-scans at a local NHS healthcare site by the
trained clinical radiology staff linked to the pilot and coordinated by
the clinical ultrasound champion. This meant that any unexpected pre-
scan findings could be more easily counselled and offered NHS follow-
up. Whilst no incidental findings have been made in any of our pre-
scans to date, having a clear protocol reassures volunteers how this
situation would be dealt with. Where direct expert counselling of sub-
jects is not possible due to the location or the inexperience of staff
performing the pre-scans, we concur with Griksaitis et al. [27] in re-
commending consultation of the formal guidance from the Royal Col-
lege of Radiologists (2011) [34].

3. Results and discussion
3.1. Running the sessions

During the 2-year pilot, on all occasions we were able to include live
ultrasound scans of the abdomen within the radiology teaching ses-
sions. In order to accommodate the whole student cohort, at least 12
individual scanning sessions were performed each time. All volunteers
were pre-scanned with no abnormalities found. Teaching scans went
well with good visualisation of abdominal organs and vasculature for
teaching purposes. From the feedback taken from the volunteers, they
reported no issues with taking part and tolerated being scanned for
around 1 h with minimal discomfort. Volunteers reported that they
appreciated being able to attend a separate session where they could
concentrate on their own learning when not being a volunteer.

3.2. Student feedback

Questionnaires looking at student perceptions of the teaching ses-
sions were collected during 2016 in the first year of the pilot, including
feedback on all aspects of the teaching session including teaching on
radiographs, CT and MRI as well as the live ultrasound demonstration.
Overall student feedback was very positive and revealed that the ses-
sions were both ‘enjoyable’ and ‘useful’. For most students, it was their
first exposure to learning using ultrasound techniques, and 60% of
students said they would like to have more live ultrasound teaching.
Over 90% of students agreed that learning radiology interpretation
skills in anatomy teaching will help their future practice.

Reviewing the qualitative data taken at the time, some students
were particularly inspired by being taught directly by radiology trai-
nees, as they felt they could ask more in-depth questions. Several ar-
ticles discuss that student feedback varies dependent upon the con-
fidence and expertise of staff delivering the sessions [15,33]. For our
pilot we enlisted local radiology trainees as faculty during the sessions
and to perform the scans. This was appreciated by our students, and the
faculty also gained teaching experience for their own continued pro-
fessional development. The challenge with this model is the availability
of these staff to attend the teaching sessions, due to clinical service
commitments.

Some studies overcome this by using anatomists who have been
trained to carry out the scans; and whilst some studies have initially
shown less favourable feedback with sessions run by less experienced
staff [15], good outcomes have been shown when structured training is
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put in place for anatomists to develop scanning proficiency [35]. Other
studies have looked at models with paired anatomists and clinicians,
thus extending the expertise of the overall faculty for the sessions [33].
As these models offer more flexibility within the training, future ex-
pansion of our own programme will bear these factors in mind.

Other students were less satisfied by the sessions, as they found the
anatomy difficult to recognise due to unfamiliarity with the ultrasound
scanning format, and difficulty understanding the orientation of the
scan and the probe. Some institutions have improved understanding of
the scanning technique itself, by running online training in advance of
the teaching session [23]. This is particularly true if the design of the
set-up is for the students to be ‘hands on’ with the scanner, where they
require some prior education in how the machine itself works [12,23].
The development of additional online learning materials about the
technique could improve the student's preparation for the sessions.

Some students also commented that they would like to try per-
forming the scan themselves rather than only observing. Whilst several
institutions have managed to incorporate a more haptic experience for
their students during teaching sessions in anatomy [7,27], the prac-
ticability with our cohort size and available time within the curriculum,
equipment and staffing currently prohibits this approach. This has also
been the experience of other institutions unable to offer such in-
dividualised teaching exposure to ultrasound with large cohorts [8]. A
perhaps more practicable time to introduce hands-on ultrasound ex-
perience is during clinical placements, where students can learn ‘point
of care’ ultrasound training with healthcare professionals, as part of a
spiral ultrasound curriculum.

4. Limitations

At the time of publication, our live ultrasound session evaluation
has considered the student perception, rather than impact data on their
educational attainment. Now these sessions are established, further
studies can be implemented.

5. Reflection on lessons learnt

Since the time of the initial pilot, these sessions have become fully
embedded in the medical curriculum. We continued to run the sessions
in a similar way to the set up during the pilot, until 2020 when the
purchase of an ultrasound machine by Bristol Medical School, allowed
us to run the practicals without relying on loaned equipment. The
School of Anatomy has also opened a new Imaging Suite with a bespoke
ultrasound room, which facilitates a specifically designed environment
for such teaching.

Following the medical curriculum review (MB21) at Bristol Medical
School from 2020, the abdominal ultrasound practicals were relocated
in the programme from year 2 to year 1. This meant a slightly changed
emphasis due to a reduction in the preceding knowledge of the students
attending the class. However, we have still seen very positive feedback
from students on the experience, and similar qualitative comments as
previously around interest and desire for more ultrasound exposure.
Impact studies on the implementation of changes made to our teaching
will need to be investigated as the curriculum review moves forward.

A further unexpected consideration at the time of publication is the
changes needed for close proximity teaching in light of the covid-19
pandemic [36]. As higher education across the world changes focus to a
more online delivery, we are exploring a number of options for main-
taining our anatomical ultrasound teaching, including streaming of
sessions (subject to the necessary ethical permissions) and additional
online materials.

6. Six step model

Using our experience and considering the literature, we provide a
six step model for consideration when implementing a pilot of live
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Expertise
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¢ Ultrasound champions: Identify key staff with expertise, leadership
and accountability for the teaching

¢ Consider the core focus of the session: Ultrasound technique versus
anatomical understanding

on scans)

Enlist

¢ Ensure you have the correct approvals: Programme Management,
Research and Ethics (incl. written consent procedure and availability
of appropriate set-up to conduct pre-scans of volunteer models)

* Consider the logistics: Location*, Timing, and Cohort/Class sizes and
Equipment (type of scanner etc.), protocols (e.g. if anomalies found

¢ Consider the availability and nature of ultrasound scanner(s), full size
versus portable and associated consumables, purchased or loaned

* Consider your personnel: models (actors versus student volunteers)
and staff (anatomy and clinical radiology)

*Location should include safety of close proximity teaching in light of covid-19

Fig. 3. Six Step Model for developing a live ultrasound pilot for undergraduate medical anatomy.

ultrasound sessions within anatomy teaching within a medical curri-
culum (see Fig. 3).

7. Conclusion and future

Our experience showed that it is both possible and desirable to
implement live ultrasound sessions as an adjunct to the teaching of
anatomy to early years medical students. Students enjoy the experience
and can appreciate the benefit of seeing living anatomy to both com-
plement their learning in the cadaver laboratory and link the anatomy
with the clinical context of their future practice. Feedback revealed
they would like more sessions, more time, and more opportunity to be
hands-on. Our experience mirrors that of other institutions who have
also run similar sessions.

The time and effort of implementing this type of innovation should
not be underestimated, and it is important to ensure top-level support
from the relevant Programme Leads and Heads of Departments at an
early stage. Key staff acting as ultrasound champions will allow im-
proved communication and direction between the clinical and anatomy
staff, and the senior management ensuring a collaborative approach.

Whilst live ultrasound teaching is becoming more prevalent in
medical undergraduate curricula, there remains limited research on the
long term impact of this teaching [13]. As more research on the impact
of the implementation of full ultrasound programmes becomes avail-
able, the evidence for wider integration of such curricula will be made
clearer [11].

At Bristol, as part of the medical curriculum review, we aim to ex-
pand the number of living anatomy teaching sessions utilising live ul-
trasound within the year 1 and 2 curriculum with sessions on the heart,
musculoskeletal system, and the vasculature of the neck. The delivery

of these sessions must now consider any restrictions on close proximity
teaching during the covid-19 pandemic. Modifications to teaching in
higher education are likely to be affected long after the peaks of the
pandemic and thus we are likely to see further innovation in anatomy
ultrasound delivery over the coming months and years.
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