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Abstract

Point of care ultrasound is important to the specialty of physical medicine and rehabilitation
(PM&R) to aid in the diagnosis and treatment of a variety of neuromusculoskeletal conditions
commonly seen in practice. However, across Canada, resident education of sonoanatomy skills
is variable. There remain no standards in terms of how ultrasound is taught as part of the res-
idency curriculum as set by the Royal College of Physicians and Surgeons of Canada. As such,
residents are often required to find their own educational opportunities. This report describes
an alternative approach to learning these skills that was inspired by disruption due to corona-
virus disease 2019 in first year residency. This report explores how a PM&R resident was able to
develop valuable ultrasound skills from home using not only textbooks and videos, but also new
and novel teleguidance technology, namely an ultrasound probe that connects to a clinician’s
own smart devices to display images.
ª 2020 The Authors. Published by Elsevier Inc. on behalf of the American Congress of Rehabil-
itation Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Accreditation Council for Graduate Medical Education in the
United States.1 The use of ultrasound ranges fromdiagnosis of
an array of neuromusculoskeletal conditions to assisting in
management with procedures.3 Ultrasound can also assist in
the education of PM&R trainees by using it to learn anatomy,
improve palpation skills,4-6 guide electromyography needle
placement,7 and more.

Physiatrists have often relied on expensive, inconve-
nient imaging techniques such as magnetic resonance im-
aging to diagnose and confirm a neuromusculoskeletal
condition.8 The use of ultrasound offers a promising alter-
native that reduces cost, saves time, and avoids unnec-
essary radiation exposure.9-12 Furthermore, it offers the
ability to compare abnormal pathology to normal pathology
on the patient’s contralateral side.13

Despite it becoming increasingly important for physiat-
rists to use ultrasound in practice, there are barriers
to achieving this, including access to devices and educa-
tion.14-16 It is suggested that mastery of point of care
ultrasound depends on proficiency in image acquisition,
interpretation, and integration of these into medical deci-
sion making.13 However, how to develop this proficiency
among PM&R residents remains unclear, as this has tradi-
tionally been left to radiologists.11 A brief review of the
literature reveals several different education methods that
have been explored in PM&R residency programs, including
peer-teaching,13,17 self-guided learning,18 team-based
learning,19 a 1-day course,14 didactic lectures,13 interdis-
ciplinary collaboration (eg, with rheumatology),15 web-
based programs,11,13 use of cadavers and simulation
centers,11,13 clinical rotations,11,13 objective examina-
tion,11,13 and more.

As mentioned, ultrasound education has been recog-
nized as important to PM&R practice but has not yet been
incorporated formally into Canadian PM&R residency pro-
grams. As there are no curriculum standards for ultrasound
education in Canada, PM&R residents are often required to
find their own opportunities. This report describes an
alternative approach to learning these skills that was
inspired by disruption in first year residency due to coro-
navirus disease 2019 (COVID-19). The cancellation of all
nonurgent medical care across Canada during the pandemic
resulted in several residency rotations being cancelled.
Residents from a variety of specialties sought alternative
rotations. This report explores how a PM&R resident was
able to develop valuable ultrasound skills from home using
new and novel teleguidance technology with the Butterfly
iQ,a an ultrasound probe that connects to a clinician’s own
smart devices to display images.

Distance learning of ultrasonography is new, with limited
presence in the literature. One technique described in-
volves a USB video capture device to connect ultrasound
images to a computer, a webcam to capture scanning, and
videoconference technology to display the images side by
side.20 Sports medicine educators have also suggested that
the ability to connect a transducer to a computer and
stream live on a virtual meeting platform (Skype, Zoom,
FaceTime, Microsoft Teams, etc) is all that is required.21

They acknowledge that connecting an ultrasound image to
a computer can be costly, and a more affordable strategy
would be to use 2 personal electronic devices to obtain
separate images and stream both simultaneously.21 This
report describes an easier setup using the Butterfly iQ,
which displays ultrasound images on a smart device (eg,
iPad) through an app, captures scanning directly to the app
via the smart device’s camera, and subsequently enables
videoconferencing through the app.
Methods

PM&R residency programs involve rotations of 4-week blocks
on different services. The blocks are structured around
achieving core competencies set by the Royal College of
Physicians and Surgeons of Canada, and meeting CanMEDS
roles. There exists flexibility with “electives” by which res-
idents can choose rotations to supplement their core
knowledge in specific areas. To create a block like the one
described in this report, it is the role of the program director
to ensure that learning objectives are valid and address a
specific area of PM&R practice, and that the supervising
attending is qualified to evaluate the trainee based on these
objectives. For this 4-week block, learning objectives were
tailored toward the CanMEDS Framework22 with the principle
objectives as follows: To understand neuromusculoskeletal
anatomy of upper and lower extremities, including muscles
and tendons, ligaments, bones, joints and nerve supply, and
to identify relevant sonoanatomy features of these struc-
tures using the Butterfly iQ. A schedule was then created. In
week 1, the resident reviewed anatomy using textbooks and
online resources, and weeks 2 to 4 involved working through
sonoanatomy.

The Butterfly iQ involves a single probe that emulates
any type of transducer. It connects to a clinician’s own
smart device, enhancing portability. It offers 19 clinical
presets and color Doppler imaging, and is set up to offer
easy access to whole body scanning. All data acquired is
secured through encryption. Furthermore, a clinician can
scan for more than 2 hours before the built-in battery needs
to be charged via wireless charging. Regarding education,
the Butterfly Network offers several education videos
related to ultrasound basics, image acquisition and inter-
pretation, and specific common diagnoses.a

Butterfly teleguidance is a collaboration tool that allows
for live connection to any other Butterfly user directly from
the app. The scanner’s image and camera are live streamed
to a Butterfly user who is able to adjust the preset, mode,
gain, and depth, and capture images. The user can give
verbal and graphical instructions to guide the scanner to
achieve the correct view.a

As this rotation was constructed to avoid unnecessary
contact between individuals in the context of COVID-19, and
given that the Butterfly iQ enables distance education, the
attending supervisor, an expert in neuromusculoskeletal ul-
trasound, was located at a distance. Working through
sonoanatomy involved several steps, with the first being a
textbook review of basic ultrasound principles. After this, for
each anatomic area of interest, the resident would first re-
view an ultrasound approach using videos, textbook, and
online resources. After reviewing this information, the resi-
dent would proceed to practice scanning on individuals
within the same household, as COVID-19 restrictions at the
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time prohibited contact between anyone else. While scan-
ning, “Musculoskeletal,” “MSK-soft tissue,” and “Nerve”
presets were used, and images and videos were captured
and saved for later discussion with the attending supervisor.

Finally, teleguidance was used for each anatomic region.
Here, the attending staff observed the resident live scan
another individual, offering real-time feedback and cor-
rections, as well as clinical suggestions and guidance. The
attending staff also shared previously captured images and
videos that demonstrated various pathologies. In a 40-hour
work week, approximately 30 hours were spent in self-
study (half using textbook/online resources, half practicing
scanning), and 10 hours were spent on teleguidance
training and instruction. In the span of 4 weeks, all joints
were covered in the upper and lower extremity, as well as
important structures in between. No objective outcome
measures were tracked but rather the resident was evalu-
ated on the achievement of learning objectives, as this is
how most rotations work.

Discussion

This elective rotation enabled a PM&R resident to establish
an understanding of neuromusculoskeletal anatomy and,
more importantly, to develop a foundation of neuro-
musculoskeletal ultrasound skills that will be useful, and
clinically applicable, throughout residency and future
practice. In the short-term, the resident gained confidence
to use ultrasound on off-service rotations (eg, scanning
tendons in the hand on plastic surgery and scanning joints
on rheumatology). Off-service rotations are the bulk of
first- and second-year Canadian PM&R residency programs.
In the long-term, these skills will be further developed and
used to enhance diagnosis and management of neuro-
musculoskeletal conditions in a PM&R practice.

As previously discussed, major barriers to using ultra-
sound in a PM&R practice include access to devices and lack
of education. This rotation addressed both of these bar-
riers. The Butterfly iQ is relatively affordable when
compared with other imaging modalities and is extremely
portable, making learning more accessible and possible in
any environment. Although it may not be possible for every
resident to acquire a Butterfly iQ as the cost is still signif-
icant at an individual level, it may be an option for resi-
dency programs looking to acquire an ultrasound device for
residents to share. Furthermore, the Butterfly iQ encour-
ages distance learning, which is valuable for residency
programs in which access to experts in ultrasound is
limited. For clinicians already in practice who hope to
enhance their ultrasound skills, this rotation highlighted
the ability to connect readily with a colleague located
anywhere.

Study limitations

Despite many benefits, there were also challenges encoun-
tered during this rotation. Guiding a learner through scan-
ning via verbal and visual cues is not as easy as hands-on
teaching or physically assisting the learner to reposition the
probe. It was also noted that occasionally when the
attending supervisor would mark up an image to highlight an
important feature, the mark-up would not be accurately
placed on the receiving end over teleguidance and was often
0.5 to 1 cm off. This was brought to the attention of the
Butterfly Network and the issue was ultimately resolved.
Furthermore, home setups are variable, and the proper
positioning essential to use teleguidance is occasionally
difficult to achieve. Ensuring that the smart device camera
was always in view of the probe proved to be difficult.

Timing was a minor issue. The time difference was al-
ways in consideration and required both the learner and
attending supervisor to be flexible. Normally, time away
from the clinic would have posed as a bigger challenge for
the attending. However, due to COVID-19, the attending
also had fewer clinic appointments. Another challenge is
that teleguidance is currently only possible between But-
terfly users, which limits the ability to connect with clini-
cians who use more traditional ultrasound technology.
Conclusions

Overall, this report highlights a way to develop valuable
ultrasound skills from home with guidance from a super-
vising attending located at a distance. This experience
demonstrates the potential to enhance ultrasound educa-
tion among other PM&R residents. Moving forward, objec-
tive evaluation of residents’ ultrasound skills would be
beneficial to support future rotations of this nature.
Furthermore, with more use in residency programs, a
comparison could be made between different ultrasound
curriculums to help establish ultrasound education stan-
dards for the Royal College of Physicians and Surgeons of
Canada.
Supplier

a. Butterfly iQ; Butterfly Network, Inc.
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9. Özçakar L, Malas FÜ, Kara G, et al. Musculoskeletal sonography
use in physiatry: a single-center one-year analysis. Am J Phys
Med Rehabil 2010;89:385-9.

10. Moore CL, Copel JA. Point-of-care ultrasonography. N Engl J
Med 2011;364:749-57.

11. Siddiqui IJ, Luz J, Borg-Stein J, et al. The current state of
musculoskeletal ultrasound education in physical medicine and
rehabilitation residency programs. PM R 2016;8:660-6.

12. Wright S, Bell AL. Enhancement of undergraduate rheuma-
tology teaching through the use of musculoskeletal ultrasound.
Rheumatology (Oxford) 2008;47:1564-6.

13. Irwin RW, Smith J, Issenberg SB. Long-term retention of
musculoskeletal ultrasound training during residency. Am J
Phys Med Rehab 2018;97:523-30.
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