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Abstract
The utilization of sports ultrasound in the clinical practice of sports medicine
physicians is growing rapidly. Simultaneously, ultrasound is being increasingly
implemented as a teaching tool in undergraduatemedical education. However,
a sports ultrasound curriculum for medical students has not been previously
described. In this article, we describe methods as well as barriers to imple-
menting a sports ultrasound curriculum at the medical school level. Recom-
mended content for the curriculum also is discussed. While educational goals
and resources will vary among institutions, this article may serve as a general
roadmap for the creation of a successful curriculum.
Introduction
Sports ultrasound (US) refers to the use of US by a qualified

medical professional to diagnose or guide treatment of sport- or
exercise-related injuries or conditions (1). US is portable, rela-
tively inexpensive, non-invasive, dynamic, and allows for high
resolution visualization of anatomic structures. Sports US is
versatile and incorporates the evaluation of structures assessed
by many different specialties, including ophthalmology, cardi-
ology, pulmonology, emergencymedicine, and radiology (2–5).
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As the utilization of US expands, there
has been an impetus to incorporate an
US curriculum at the undergraduate
medical education level (6–9) in order
to improve comprehension of anatomy,
as well as accuracy of the physical ex-
amination (2,10–13). Previous studies
have demonstrated a better understand-
ing of musculoskeletal (MSK) and car-
diac anatomy/physiology when US was
used as a teaching tool (14–21). Further-
more, it can be used as an adjunct in the
teaching of MSK surface anatomy and physical examination
skills (11–13,22,23). Specifically, previous studies have dem-
onstrated improvement in performing aspects of the MSK
physical examination, such as enhanced accuracy in palpating
anatomic landmarks (e.g., acromioclavicular joint), and in de-
tecting pathology such as synovitis (23,24). In addition, the
use of US as a teaching tool has been viewed favorably by
medical students (15,17,25).

While guidelines exist for teaching sports US to sports med-
icine fellows (26), guidelines for incorporating sports US into
undergraduate medical education have not been previously
published. This article seeks to provide guidance for the imple-
mentation of a sports US curriculum in undergraduate medi-
cal education. These guidelines were developed through con-
sensus recommendations and expert opinions of selected
members of the Undergraduate Medical Education Subcom-
mittee and Sports US Education Subcommittee of the
American Medical Society for Sports Medicine who have ex-
perience in US curricula development and/or implementation.
This document discusses recommendations for implementing
a sports ultrasound curriculum into an undergraduate medical
education curriculum, highlights US basics and normal struc-
tures relevant to medical students, and reviews potential bar-
riers to implementation.

Implementation
There are multiple avenues through which a sports US cur-

riculum can be incorporated into undergraduate medical edu-
cation, and faculty should consider how to best define content
Sports Ultrasound Curriculum Implementation

ction of this article is prohibited.
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Table 1.
Ultrasound basics.

Ultrasound Basics

Knobology Power/on

Depth
Gain
Focus
Time gain compensation
B mode
M mode
Doppler (color and power)
Text/labeling
Freeze
Image capture
Cine loop capture

Physics and image
creation

Piezoelectric effect
Frequency
Wavelength
Amplitude
Reflection/refraction/scatter/
absorption

Echogenicity Anechoic
Hypoechoic
Isoechoic
Hyperechoic

Transducer selection Curvilinear
Linear
Hockey stick (small footprint linear)
Phased array

Transducer movements Slide
Heel toe
Tilt
Compression
Rotation
Pivot
Standoff
Oblique standoff
Sonopalpation

Imaging planes Anatomic planes (coronal,
sagittal, axial)

Body planes (transverse, longitudinal)
Scanning planes (long axis, short axis)

Imaging artifacts Anisotropy
Posterior acoustic shadowing
Increased through transmission
Reverberation
Comet tail
Mirror image
Edge shadowing
Ring down

Ultrasound etiquette Transducer handling/cleaning
Patient, operator, and machine
positioning

Patient comfort
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and develop curricula to fit the needs of their institution. Im-
plementation of a sports US curriculum should be a collabora-
tive effort across preclinical courses and clinical specialties. At
www.acsm-csmr.org
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some institutions, teaching sports US may align best with a
certain block (e.g., during preclinical anatomy or during a
family medicine rotation), whereas, at other institutions, a
longitudinal curriculumwould be more optimal (e.g., at an in-
stitution where anatomy is integrated throughout the preclin-
ical years). In the preclinical years, general US basics can be in-
troduced, and sports US can be integrated into select courses
focusing on augmenting education in anatomy, pathology,
physical examination, and diagnostic skills. In the clinical
years, sports US can be integrated into relevant core clerkships
(e.g., family medicine, radiology, internal medicine/critical
care and emergency medicine). Sports US electives may be de-
veloped for those who seek a more comprehensive experience.

US should be taught using a multimodal approach, in-
cluding hands on training (27), simulated scanning, didactic
lectures, prerecorded and/or online videos (28), textbooks
(29–31) and journal articles. Incorporating peer- or near-peer
education (32–36), education through extracurricular inter-
est groups (37,38), case-based discussions (39), and develop-
ment of US electives (40) can help to facilitate learning. In
addition, allowing students to save representative US images
with formal faculty review of those images can be integrated
into an already established curriculum (41). If in-person ed-
ucational time is limited, US education also can be provided
virtually (42–44).

Curriculum Content

US Basics
A thorough grasp of the basics of US, including knobology,

physics of image creation (45,46), echogenicity, transducer se-
lection, transducer movements (1), imaging artifacts (6), and
US etiquette, is fundamental for the use of US as a teaching tool
and in clinical practice. These principles are a foundational
component of any US curriculum (Table 1). In addition, profi-
ciency in agreed-upon sports US terminology and languagewill
enforce useful habits as medical students progress through
their medical education (1). It is important to note that not
all US conventions are universally agreed upon; some conven-
tions, such as terms to describe transducer manipulation, may
differ among abdominal, cardiac, and sports US (1,47,48).

Normal Anatomy
Different anatomic structures have well-described and spe-

cific sonographic appearances, which is the result of variable
differences in tissue densities. In addition, these structures
have different appearances depending on the orientation of
the transducer relative to the target structure (30,49). It is crit-
ical to recognize the normal sonographic appearances of com-
mon MSK structures (Table 2) in order to be able to identify
pathologic changes; the focus of an effective undergraduate
medical education US curriculum should be on teaching these
normal appearances.

Specific Structures
Comprehension of the normal sonographic appearance of

different tissue types should be established prior to transitioning
to identification of specific anatomic structures. While MSK
structures are the primary component of sports US, identifica-
tion of basic thoracoabdominal structures (such as those in-
cluded in an extended Focused Assessment of Sonography in
Current Sports Medicine Reports 329
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Table 2.
Normal sonographic appearances of common MSK structures.

Structure Sonographic Appearance Image Pearls/Pitfalls

Tendon LAX:
–Hyperechoic, linear, fibrillar.
–“Rope-like” appearance.
SAX:
–Hyperechoic, punctate, “speckled,”
“broom end” appearance.

–Be mindful of tendon anisotropy,
which can produce an artificially
hypoechoic appearance. Orient the
transducer at 90 degrees to the
target structure to limit this artifact.
–Various tendons have different
morphologies (e.g., “circular”
forearm flexor tendons, “ovoid”
patellar tendon, “beaked/tapered”
rotator cuff tendon.

Ligament LAX:
–Hyperechoic, linear, fibrillar
appearance.
–In a normal state, tension should be
maintained across the ligament.
SAX:
–Hyperechoic, tightly packed, fairly
homogenous appearance.

–Ligaments appear similar to tendons in
LAX; however, they are less prone to
anisotropy. They are typically not
imaged in SAX unless to confirm or
refute pathology.

Muscle –In general, muscles have a
mixed-echogenic appearance. The
hypoechoic regions represent the
muscle fibers and fascicles, while
the hyperechoic regions represent
the fascia and perimysial connective
tissue.
LAX:
–Mixed echogenicity.
–“Veins on a leaf” or “feather”
appearance.
SAX:
–Mixed echogenicity.
–“Starry night” appearance.

–Muscles also are prone to anisotropy,
to a lesser degree than tendons. Care
should be taken to avoid
misinterpreting muscle edema for
anisotropy.

Continued next page
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Structure Sonographic Appearance Image Pearls/Pitfalls

Nerve LAX:
–Linear and hyperechoic.
–Similar in appearance to tendon;
however, the linear fascicles are
larger and less tightly packed
compared with tendon.
–“Railroad track” appearance.
SAX:
–Large hypoechoic fascicles
surrounded by hyperechoic
perifascicular tissue produces
“honeycomb” appearance.

–Sliding the transducer in a quick
“sweeping” motion may help with
identification of nerves, particularly
smaller nerves, as they will change
direction and depth on the screen.
–Small nerves may appear grossly
hypoechoic without the typical
“honeycomb” appearance due to
their monofascicular or
oligofascicular anatomy.

Bone –Hyperechoic, smooth, linear
appearance with complete posterior
acoustic shadowing (in LAX or
SAX).

–May see small, nonpathologic
defects in the cortex which
correspond to small “feeder”
vessels. These should not be
mistaken for a fracture.

Liver –Uniform, dense, isoechoic, or
relatively hypoechoic structure.
–The portal triad (hepatic artery,
portal vein, and common bile duct)
appears as three anechoic structures
and is readily identified
sonographically.

–Sonographic nearly identical to the
spleen.
–Anechoic fluid within the
hepatorenal recess is concerning for
intra-abdominal fluid.

Spleen –Uniform, dense, isoechoic, or
relatively hypoechoic structure.
–Various anechoic blood vessels can
be seen throughout the spleen.

–Sonographic nearly identical to the
liver.
–Anechoic fluid within the
splenorenal recess is concerning for
intra-abdominal fluid.

Continued next page
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Structure Sonographic Appearance Image Pearls/Pitfalls

Kidney –“Bean-shaped,” mixed-echogenic
structure.
–Hypoechoic regions correlate to
renal cortex andmedullary pyramids.
–Hyperechoic regions correlate to
renal calyces and pelvis.

–The kidney is best visualized with a
far posterolateral transducer
placement on the abdomen.

Heart –Mixed-echogenic appearance.
–Hyperechoic regions correlate to
the pericardium, myocardium,
septae, and valves.
–Hypoechoic regions correlate to
the fluid-filled atria and ventricles.

–The heart can be visualized with a
parasternal or subxiphoid approach.
–The subxiphoid approach provides
a better image, but is more
challenging and may be
uncomfortable for the patient.

Lungs –Linear, hyperechoic pleura is
visualized at the superficial aspect of
the lung
–Hyperechoic, linear, “ring-like”
structures deep to the pleura may
represent “normal” artifacts.
–Regularly spaced, hyperechoic,
smooth structures with complete
posterior acoustic shadowing
represent
the ribs.

–Many “normal” artifacts are present
during sonographic evaluation of the
lung (e.g., A lines, B lines) and a
thorough understanding of these
“normal” artifacts is important when
assessing for pathology.
–The sliding of the visceral and
parietal pleura produces a
“shimmering” or “ants on a log”
appearance.

Blood
Vessels

–Well-circumscribed, circular,
anechoic structures.
–May see hyperechoic valves within
veins.

–Vascular structures can appear very
similar to various cystic structures.
The use of Doppler can be helpful in
identification.
–Veins are highly compressible. It is
important to maintain light
transducer pressure during
visualization.

Continued next page
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Structure Sonographic Appearance Image Pearls/Pitfalls

Fluid –Simple fluid is purely anechoic and
highly compressible.
–Complex fluid may appear
heterogenous with mixed
echogenicity.

–Enhanced through transmission is
typically present, and structures
deep to a fluid collection will appear
artificially hyperechoic.

Asterisk (*) is in the center of the structure of interest (labeled at the bottom of the image).

LAX, long axis; ME, medial epicondyle; MG, medial gastrocnemius tendon; SAX, short axis; SM, semimembranosus tendon.

Table 3.
Structures to consider including in an undergraduate medical
education ultrasound curriculum.

Region Structure

Shoulder Biceps tendon (long head)
Subacromial bursa/supraspinatus tendon
ACJ
GHJ

Elbow Elbow joint (humeroulnar and humeroradial)
Common extensor tendon
UCL
Ulnar nerve

Wrist/
Hand

Median nerve
Carpal tunnel

Hip/Pelvis Hip joint (femoroacetabular)
Femoral neurovasculature

Knee Quadriceps tendon and muscle
Suprapatellar recess
Patella and prepatellar bursa
Patellar tendon
Joint line and medial and lateral menisci
MCL
Popliteal vessels

Ankle Achilles tendon
Tibiotalar joint
ATFL

Foot Plantar fascia

eFAST RUQ
LUQ
Suprapubic
Cardiac (subxiphoid and parasternal long axis views)
Lung

ACJ, acromioclavicular joint; GHJ, glenohumeral joint; UCL, ulnar col-
lateral ligament; MCL, medial collateral ligament; ATFL, anterior
talofibular ligament; eFAST, extended focused assessment with sonogra-
phy in trauma; RUQ, right upper quadrant; LUQ, left upper quadrant.
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Trauma [eFAST]) also is important (2,36,50,51). Structures that
may be included in anUS curriculum are detailed in Table 3. It is
important to keep inmind that these are structures that are recom-
mended, not required, and that this is not a fully comprehensive list.

The following goals should be considered when discussing
each specific structure:

• Reinforce basic US principles
• Recall normal anatomy
• Recognize the normal appearance ofMSKand non-MSK
structures on US

• Correlate sonographic findings with surface anatomy
to improve physical examination skills

• Improve US scanning technique (scan in both long and
short axis) and image optimization (correct for anisot-
ropy artifact that can mimic pathology)

• Perform dynamic evaluations, as indicated
• Describe how US can be used clinically to guide pa-
tient diagnosis and treatment (including injections)

Limitations
There are several challenges to implementing a sports US

curriculum in medical school training, including difficulty in-
corporating additional information to an already compressed
undergraduatemedical education curriculum, faculty skill level
and availability, and the cost of US equipment. With the push
to introduce students earlier to the clinical aspects of medicine,
many schools are moving toward a compressed preclinical
schedule, making it difficult to develop mastery of a skill, such
as US, that requires dedicated time and hands on practice (52).
In addition, there is concern among education leaders that
more material added to existing curricula will lead to poorer
knowledge retention rates (53). These concernsmust be acknowl-
edged when attempting to develop a robust and well-rounded
undergraduate medical education curriculum.

Faculty skill, engagement, and availability present another
challenge. Having faculty with adequate skills and knowledge
of sports US is crucial for the curriculum to be successful. Use
www.acsm-csmr.org Current Sports Medicine Reports 333
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of amultidisciplinary effort to teachUS and faculty development
sessions may be beneficial (54,55). In addition, the time con-
straints and stressors of being clinically productive on faculty
are well documented (56). Developing and implementing
sports US programs may support opportunities for promotions
if faculty are in an academic center that offers a clinical-educator
track (57).

Lastly, access to US machines represents another potential
barrier. US machines can be expensive, and initial start-up
costs can be prohibitive when planning to integrate an US cur-
riculum (27). Portable US machines can help reduce costs
without compromising education, despite reduced image
quality (58). Institutions should to be mindful of purchasing
enough machines to provide sufficient hands-on experience
for every student (59,60).

Conclusion
While curricula may vary across institutions, this article

serves as a guide for implementing a sports US curriculum at
the undergraduate medical education level. US basics, includ-
ing normal anatomy, should be a foundational part of any US
curriculum. Implementation ofUS curricula should be tailored
to meet the needs of each individual institution.

The authors declare no funding or conflict of interest.
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