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Context: Musculoskeletal (MSK) diagnostic ultrasound (US) is increasingly being utilized by physicians to evaluate ath-
letes in outpatient clinics, on the sidelines, and in athletic training facilities. Having a thorough understanding of MSK US
will help athletic trainers (ATs) better assist physicians who perform MSK US.

Objective: To determine if a longitudinal 6-month MSK anatomy and US course would increase ATs’ ability to acquire, label,
and optimize US images of normal structures and improve their overall confidence in assisting with performing US and to deter-
mine if demographic factors, work-related factors, or higher self-reported confidence was associated with better performance.

Design: Prospective cohort study.

Setting: Academic institution.

Other Participants: Seventeen ATs working with sports medicine physicians at 3 institutions.

Interventions: Longitudinal 6-month MSK anatomy and US course.

Main Outcome Measures: Ultrasound image scores (normal structures scored on a 5-point scale) were assessed precourse,
during the course, and postcourse. Scores were compared across time points for the assessed body regions (knee, ankle/foot,
shoulder, elbow/wrist/hand, and hip). Associations with demographic factors, US experience, and AT self-reported confidence
were explored.

Results: Seventeen ATs completed the course. There was a significant difference among the average overall precourse
(average: 1.34/5, range: 0/5 to 4.23/5), during-course (average ¼ 3.53/5; range, 2.6/5 to 4.37/5), and postcourse (average ¼
3.83/5; range, 2.33/5 to 4.67/5) image scores [v2(2) ¼ 24.47, P , .001]. There was a significant positive correlation between
the numbers of days (rs[17] ¼ 0.62, P ¼ .01) and hours (rs[17] ¼ 0.55, P ¼ .02) per week that the AT spent observing or per-
forming US scanning and the postcourse overall image scores. The ATs’ confidence in identifying structures when they scan
and postcourse overall image scores were marginally correlated but not significant (rs[17] ¼ 0.47, P ¼ .06).

Conclusions: A comprehensive longitudinal MSK diagnostic US course may have resulted in significant improvements in an
AT’s ability to acquire, label, and optimize US images of normal MSK structures that are commonly injured by active persons.

Key Words: athletic trainer, musculoskeletal ultrasound, sports ultrasound, ultrasound education

Dr Schroeder is currently an Assistant Professor in the Department of Orthopedic Surgery, Division of Sports Medicine at University Hospital
and CaseWestern Reserve University in Cleveland, OH. Address correspondence to Ryan C. Kruse, MD, Department of Orthopedics and
Rehabilitation, University of Iowa Sports Medicine, 2701 Prairie Meadow Drive, Iowa City 52246. ryan-kruse@uiowa.edu.

Full Citation:
Schroeder AN, JohnsonWO, Jelsing EJ,Williams AL, Pinkney JJ, Asplund CA, Kruse RC. Continuing education: improving athletic trainers’
knowledge of musculoskeletal diagnostic ultrasound through a physician-led longitudinal ultrasound course. Athl Train Educ J. 2023;18(4):234–242.

Athletic Training Education Journal j Volume 18 j Issue 4 j October–December 2023 234

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-16 via free access

http://www.natajournals.org
mailto:kruse@uiowa.edu


Continuing Education: Improving Athletic Trainers’ Knowledge of
Musculoskeletal Diagnostic Ultrasound Through a Physician-Led Longitudinal

Ultrasound Course

Allison N. Schroeder, MD; Wade O. Johnson, MD; Elena J. Jelsing, MD; Amanda L. Williams, LAT, ATC;
Joshua J. Pinkney, LAT, ATC; Chad A. Asplund, MD, MPH; Ryan C. Kruse, MD

KEY POINTS

� A 6-month longitudinal MSK diagnostic US course improved
ATs’ abilities to acquire, label, and optimize US images of
normal MSK structures. This course can be recreated in a
setting with a physician US expert and ATs who are inter-
ested in assisting the physician with US evaluations.

� Athletic trainers who complete a diagnostic US course
should spend time working directly with a physician who
performs US as part of their job since spending more days
or hours per week doing this was associated with higher
image scores in the postcourse assessment.

� Understanding the basics of MSK diagnostic US will allow
ATs to assist physicians when they are performing diagnostic
and interventional US in the clinic, in the athletic training
facility, and on the sidelines of sporting events. Athletic train-
ers may also play a role in the emerging field of “tele-US.”

INTRODUCTION

Ultrasound (US) is an imaging modality that is increasingly
being utilized by physicians practicing orthopedics and sports
medicine. Diagnostic US can be performed as part of a patient
evaluation in an outpatient clinic, in an athletic training facility,
or on the sidelines of sporting events. Ultrasound can be uti-
lized for diagnostic purposes to evaluate the muscle, tendon,
ligament, bone, and bursae or guide interventional procedures.
Ultrasound is an operator-dependent skill that requires a com-
prehensive understanding of anatomy, training in image acqui-
sition and optimization, and hands-on practice. Hands-on,1–4

instructor-led5–7 US training has been shown to be superior to
didactic or self-guided training alone. Ultrasound training has
been shown to improve the accuracy of physical examination
palpation skills.8–10 Athletic trainers (ATs) work closely with
physicians, taking histories, performing physical examinations,
and assisting with the diagnosis and treatment of acute and
chronic musculoskeletal (MSK) conditions. At our institutions,
ATs work in the clinic, in the athletic training facility, and on
the sidelines, assisting physicians with the capture, labeling,
and optimization of US images during diagnostic US examina-
tions and interventional US-guided procedures. If a physician
is unable to be physically present, such as during an away
game, ATs may perform “tele-US,” an emerging practice where
US scanning is performed by a novice under the direction of an
expert through video calls in real time.11–15

Given that many ATs work with sports medicine physicians
who utilize US in their practice, an instructional MSK diagnostic
US course was developed, offering free Board of Certification
continuing education credits for the ATs working at our institu-
tions. Previous studies have not evaluated MSK US training or
ATs’ ability to acquire and optimize diagnostic images after taking
part in an anatomy and US training program. The purposes of
this study were to (1) determine if a longitudinal 6-month MSK

anatomy and US course would increase ATs’ US image scores
overall and by body region (to assess their ability to acquire,
label, and optimize US images of normal structures that may
commonly be injured by active persons) and increase their overall
confidence in performing US, (2) determine if higher US image
scores were correlated with higher self-reported confidence, and
(3) determine if demographic factors such as AT practice location
and practice setting or work-related factors such as years practic-
ing as an AT, years performing US, days per week performing or
observing US, hours per week observing or performing US, or
previous formalized US training were associated with higher US
image scores. We hypothesized that the course would result in
improvements in ATs’ confidence and US image scores, that
higher confidence would be correlated with higher image scores,
and that weekly time spent observing or performing US would
be associated with higher image scores.

METHODS

Study Design and Participants

Physicians invited all ATs with whom they worked (18 ATs) to
participate in an MSK diagnostic US course for ATs that was
conducted at the Mayo Clinic, Mayo Clinic Health Systems,
and the University of Iowa. Seventeen ATs (10.86 8.1 years of
experience working as a certified AT) participated in the course.
The ATs’ demographics are summarized in Table 1. We col-
lected precourse, during-course, and postcourse self-reported
confidence scores and US images for those who consented to
participate in the prospective cohort study, which was approved
by the Mayo Clinic (no. 20-008617-02) and the University of
Iowa Institutional Review Board (no. 202008451).

Musculoskeletal Diagnostic US Course

Athletic trainers participated in an MSK diagnostic US course
that met weekly for 1-hour sessions (virtual didactics with hands-
on sessions that were primarily in person, with an occasional
virtual session16,17 due to participant mandatory quarantine sec-
ondary to the severe acute respiratory syndrome coronavirus 2
[SARS-CoV-2] pandemic, which occurred for 2 ATs for 1 week
throughout the course) from November 2, 2020, through April 9,
2021. The course was taught by physicians trained in physical med-
icine and rehabilitation and sports medicine; the student-to-teacher
ratio for the hands-on sessions was 2:1 to 4:1, depending on the
site. A detailed timeline for the course is outlined in Figure 1.

Participant Self-Assessment Surveys

Participants were asked to complete precourse surveys admin-
istered in REDCap (Research Electronic Data Capture)18,19

assessing their years of experience as an AT; previous experience
observing or performing US; weekly time spent observing or
performing US in their current job; previous formal MSK US
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instruction; confidence on a 0 to 100 scale in identifying structures
when a physician is scanning, identifying structures when an AT
(AT completing the survey) is scanning, labeling the US image,
and optimizing the US image (depth/gain); and demographic
information (see Supplemental File 1, available online at www
.nataej.org). After each weekly session during the course, partici-
pants were asked to complete a survey confirming attendance for
anatomy, US video viewing, and hands-on scanning (see Supple-
mental File 2). The same questions assessing AT confidence were
repeated weekly during the course to assess the ATs’ confidence
for each body region and after the course to assess their overall
confidence (see Supplemental File 3).

Image Acquisition, Review, and Scoring

Athletic trainers acquired specific images designated on the
image structure list (Table 2) that was developed by the physi-
cians and included 6 structures for each body region that are
commonly encountered in sports medicine settings. Athletic

Table 1. Baseline Athletic Trainer

Parameter
No. of
ATs

Practice location
University of Iowa 5
Mayo Clinic Health Systems 5
Mayo Clinic Square 7

Practice setting
Clinical 10
Outreach 6
Other 1

Years observing MSK US
,1 8
1.1–2 6
2.1–3 0
3.1–4 4
4.1–5 0
.5 6

Years of hands-on MSK US
,1 14
1.1–2 1
2.1–3 2
.3 0

Days/week observing MSK US scanning
0 5
1 5
2 1
3 3
4 1
5 1

Hours/week observing MSK US scanning
,5 12
5–9.9 1
10–14.9 1
15–19.9 0
.20 3

Previous formalized US training
No previous formal training 8
Lectures on MSK US but no hands-on practice 4
Guided hands-on practice 5

Abbreviations: ATs, athletic trainers; MSK, musculoskeletal; US,

ultrasound.

Figure 1. Athletic trainer MSK US course timeline. The MSK
diagnostic US course began with an Introduction to US lec-
ture and participants completing their precourse image acqui-
sition. Thereafter, over a 4-week period, ATs attended an
anatomy lecture (virtual, week 1), watched AMSSM (virtual)
US videos (week 2), attended a live, hands-on, physician-led
(E.J.J., W.O.J., R.C.K., and A.N.S.) scanning session (week 3),
and obtained images for the studied body region (week 4).
This was repeated for each of the following body regions:
knee, ankle/foot, shoulder, elbow/wrist/hand, and hip. At
the end of the course, ATs were given 6 months to collect
postcourse images. Abbreviations: AMSSM, American Medical
Society for Sports Medicine; MSK, musculoskeletal; US,
ultrasound.
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trainers obtained all images of the structure precourse and post-
course. Each week during the course, ATs obtained images of
structures for that specific body region (Figure 1). Participants
were made aware of the physician-selected key components of
US image acquisition and interpretation, included in the image
scoring criteria, and were presented with examples of optimal
and suboptimal image acquisition (Figure 2). Three sports medi-
cine physicians who completed a physical medicine and rehabili-
tation residency (at different institutions) and a sports medicine
fellowship (2 at the same institution with a different fellowship
program director and 1 at a different institution) with a focus on
diagnostic and interventional MSK US (W.O.J., R.C.K., and
A.N.S.) independently evaluated deidentified images of normal
structures obtained by the ATs. Since there is no previously vali-
dated system to score MSK US images, a scoring system was
created by the study authors. Images were scored, with 0 ¼
absent and 1¼ present, for the following criteria: structure label,
centered images, surrounding structure label, directionality indi-
cated (eg, medial or lateral), and quality of the overall image
(correction of anisotropy and optimization of depth and gain).
The consensus value (ie, needed 2 reviewers to agree) for each
criterion was used in the analysis. Each image was given a score
out of a maximum of 5 points. These scores were then averaged

among all participants for each structure. An average score was
calculated precourse, during the course, and postcourse for each
body region and overall.

Statistical Analysis

Demographic data were reported using standard descriptive
statistics. We calculated Krippendorff a to assess the interrater
reliability between US image scorers (W.O.J., R.C.K., and
A.N.S.). Before the study, one set of sample images was scored
with consistency among all scorers. Pre-, during-, and postcourse
confidence values were compared using a repeated-measures
analysis of variance (ANOVA) with an unstructured covariance
matrix; if time was significant, post hoc tests with a Tukey correc-
tion were used to identify significant differences in least-square
means at each time point. Athletic trainer image scores were
compared pre-, during-, and postcourse overall and by body
regions using Freidman’s ANOVA with a Tukey adjustment for
post hoc comparisons. Spearman correlations were used to assess
the correlation between AT confidence in identifying an image
when the AT was scanning and their overall image scores pre-,
during, and postcourse. Spearman correlations were also used to
assess the correlation between AT overall postcourse image scores

Table 2. Image Structure List Showing the Details of Anatomic Structures Imaged by the Athletic Trainers

Body Region Structure of Interest—Surrounding Structure(s) (to Label)

Knee • Patellar tendon just distal to the patella (short axis)—Hoffa’s fat pad
• Patellar tendon at the tibial tuberosity attachment (long axis)—deep infrapatellar bursa, Hoffa’s fat pad
• Suprapatellar recess (long axis)—quadriceps tendon in the long axis, prefemoral fat pad
• Rectus femoris muscle at the midthigh (short axis)—vastus medialis, vastus lateralis, vastus intermedius
• Quadriceps tendon attaching to the patella (long axis)—patella, quadriceps fat pad
• MCL (long axis)—medial meniscus, femur, tibia

Ankle/foot • ATFL (long axis)—tibia, talus
• AITFL (long axis)—tibia, fibula
• Peroneus brevis insertion on base of the 5th metatarsal (long axis)—base of the 5th metatarsal
• Central cord of the plantar fascia (long axis)—calcaneus
• Achilles tendon (long axis)—calcaneus, Kager fat pad, retrocalcaneal bursa
• Tibialis posterior tendon in the retromalleolar groove (short axis)—medial malleolus, tibial nerve

Shoulder • Long head of the biceps tendon in the bicipital groove (long axis)—humerus
• Long head of the biceps tendon in the bicipital groove (short axis)—greater tuberosity, lesser tuberosity
• Supraspinatus tendon (long axis)—greater tuberosity, subacromial/subdeltoid bursa
• Supraspinatus tendon (short axis)—greater tuberosity, deltoid
• AC joint (short axis with the acromion and clavicle in the long axis)—acromion, clavicle
• Posterior glenohumeral joint (with the labrum in view)—humeral head, glenoid, labrum

Elbow/wrist/
hand

• UCL (long axis)—ulna, medial epicondyle
• Common extensor tendon (long axis)—lateral epicondyle
• Ulnar nerve (short axis)—olecranon, medial epicondyle
• Median nerve in the carpal tunnel (short axis, in the carpal tunnel inlet)—scaphoid, pisiform, transverse
carpal ligament

• Lister’s tubercle—extensor pollicis longus in the 3rd dorsal compartment, extensor carpi radialis longus
and brevis in the 2nd dorsal compartment (short axis)

• 1st CMC joint (short axis with the bones in the long axis)—trapezium, 1st metacarpal

Hip • Hip joint (view of the femoral head/neck in the long axis to the femoral shaft)—femoral head, femoral
neck, joint capsule

• AIIS (short axis)—rectus femoris tendon (in the short axis)
• Subgluteus maximus/trochanteric (gluteus minimus in the oblique short axis)—greater trochanter
anterior facet, greater trochanter lateral facet

• Gluteus medius inserting on the greater trochanter (long axis)—lateral facet of the greater trochanter
• Ischial tuberosity (short axis)—conjoint tendon, semimembranosus tendon
• Iliopsoas tendon (short axis)—acetabulum, psoas muscle

Abbreviations: AC, acromioclavicular; AIIS, anterior inferior iliac spine; AITFL, anterior inferior tibiofibular ligament; ATFL, anterior talofib-

ular ligament; CMC, carpometacarpal; MCL, medial collateral ligament; UCL, ulnar collateral ligament of the elbow.
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and the number of years working as an AT, the number of years
spent observing US, the number of years learning or performing
US scanning, and the number of days and hours per week that
the AT spent observing or performing US scanning. Due to the

categorical nature of the variables, Kruskal-Wallis tests were used
to determine the relationship of ATs’ overall postcourse image
scores with the study site, AT role, and formal US training. If a
significant association was identified, pairwise comparisons were

Figure 2. Ultrasound image scoring criteria.
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assessed, and P values were adjusted for type I errors using the
Dwass-Steel-Critchlow-Flinger method.

RESULTS

Course Completion

All ATs reviewed the comprehensive anatomy lecture and the
American Medical Society for Sports Medicine (AMSSM) lec-
tures for each body region, except for 1 participant who did not
review the comprehensive anatomy lecture for elbow/wrist/hand
or watch the AMSSM videos for hip. All participants attended
the hands-on sessions for each body region. For each of the 17
participants, a total of 90 images were scored by each of the 3
image scorers (W.O.J., R.C.K., and A.N.S.). The interrater reli-
ability of image scoring was relatively high (Krippendorff a ¼
0.71, 95% confidence interval [CI] ¼ 0.69, 0.73).

Athletic Trainer Confidence

A significant difference in AT confidence pre-, during, and post-
course (Figure 3) was detected for identifying a structure when
the physician was scanning, properly labeling an image, and
adjusting depth/gain (all P , .001). No significant difference
was detected in identifying a structure when the AT was scanning
(P ¼ .30). Post hoc comparisons revealed significant pairwise dif-
ferences between all time points for confidence in identifying a
structure when the physician was scanning (P values pre- to during
course of ,.001, pre- to postcourse of ,.001, and during to post-
course of .03). Confidence in labeling an image and confidence in
optimizing depth/gain pre- to during course, pre- to postcourse,
and during to precourse were statistically significant (during to
postcourse P ¼ .04 for labeling; all other P, .001).

Athletic Trainer US Image Scores

Overall, we found that the ATs’ image scores improved through-
out the course from 1.34/5 precourse (range, 0/5 to 4.23/5), to

3.53/5 during the course (range, 2.6/5 to 4.37/5), to 3.83/5 post-
course (range, 2.33/5 to 4.67/5). There was a significant differ-
ence among the average precourse, during-course, and postcourse
image scores overall (v2[2] ¼ 24.47, P , .001) and for each body
region (all P, .01) (Table 3). Post hoc testing revealed that for
knee and shoulder, all time points were significantly different
(all P , .01). For ankle/foot, all time points were significantly
different (P , .01 for all except during versus postcourse [P ¼
.04]). For elbow and hip, pre- versus during course and pre-versus
postcourse were significantly different (all P , .01), but during
versus postcourse was not significantly different (P ¼ .22 for
elbow and P ¼ .99 for hip). The highest scores were recorded for
the knee (precourse ¼ 1.94/5, during course ¼ 3.98/5, and post-
course ¼ 4.44/5), and the lowest scores were recorded for the hip
(precourse ¼ 0.85/5, during course ¼ 3.23/5, and postcourse ¼
3.20/5) at all time points. The average postcourse image scores
for each anatomic structure are displayed in Figure 4.

Association of AT Characteristics and Confidence With
US Image Scores

We found a positive correlation between ATs’ confidence in their
ability to identify US structures when the AT was scanning and
overall image scores. This was statistically significant precourse
(rs[17] ¼ 0.64, P ¼ .005) but was only marginally correlated but
not significant postcourse (rs[17] ¼ 0.47, P ¼ .06). During the
course, there was a significant positive correlation between ATs’
confidence in their ability to identify US structures when the AT
was scanning and image scores for the ankle/foot (rs[17] ¼ 0.57,
P ¼ .02) and shoulder (rs[17] ¼ 0.55, P ¼ .02). No significant
correlations between ATs’ confidence in their ability to identify
US structures when the AT was scanning and image scores for
the knee (rs[17] ¼ �0.17, P ¼ .95), elbow/wrist/hand (rs[17] ¼
0.44, P¼ .08), and hip (rs[17]¼ �0.15, P¼ .57) were identified.

No significant associations between the average score of all
images collected during postcourse and study site (P ¼ .47),
years working as an AT (P ¼ .62), AT role (clinical, outreach,

Figure 3. Average AT confidence pre-, during, and postcourse. Athletic trainer confidence (out of 100) in identifying structures
when the physician is scanning, identifying structures when the AT is scanning, their ability to properly label a structure, and their
ability to adjust depth and gain is displayed. Chi-square and P values are also displayed. Abbreviation: AT, athletic trainer. *** indi-
cates statistical significance (P , .05). Error bars represent standard deviations.
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or other) (P ¼ .44), the number of years spent observing USs
before the course (P ¼ .49), the number of years learning or
performing hands-on scanning (P ¼ .52), or US instruction
before this course (none, didactic only, or hands-on scanning)
(P ¼ .79) were detected. There was a significant positive associa-
tion of the number of days per week that the AT currently spent
observing or performing US scanning (P ¼ .008) and the num-
ber of hours per week that the AT currently spent observing or
performing US scanning (P ¼ .02) with the postcourse overall
image scores, although both groups of ATs who spent time
observing or performing US weekly (n ¼ 6, average overall
scores of 2.36 precourse and 4.25 postcourse) and ATs who did
not spend time observing or performing US weekly (n ¼ 11,
average overall scores of 0.43 precourse and 3.61 postcourse)
improved throughout the course.

DISCUSSION

Our results showed that during this 6-month, longitudinal MSK
diagnostic US course, ATUS image scores significantly improved
over time. Although slight, the postcourse image scores were
higher than the during-course image scores, indicating that the
improvements made between precourse image acquisition and
image acquisition during the course were retained, and even

slightly increased, over time. This is likely due to the regular
repeated assessments and longitudinal approach to the course
as retention of acquired knowledge and skills are enhanced
with continued exposure to content and iterative practice with
more time with hands on the transducer.20–22 Additionally,
ATs who spent more days and more hours per week observing
or performing US with a physician had higher scores on the
postcourse images. This underscores the importance of iterative
practice and exposure to US with frequent exposure to a physi-
cian US expert for on-the-job learning. Overall, the MSK
diagnostic US course was successful in enhancing the ATs’ abili-
ties to acquire, label, and optimize US images of normal struc-
tures, but having continual exposure to US as part of their job is
significantly important in enhancing the ATs’ US abilities.

The ATs’ confidence in their ability to identify structures when
an AT was scanning did not increase throughout the course, but
their confidence in their ability to identify structures when the
physician was scanning, their ability to properly label, and their
ability to optimize depth and gain did increase. This may be due
to the fact that most ATs working with a physician identify
images while the physician is scanning, label images, and opti-
mize depth and gain on a regular basis, but they rarely perform
US scanning in their daily practice. Previous studies of physi-
cians have revealed a correlation between confidence and US

Table 3. Athletic Trainer Ultrasound Average Image Scores for Each Body Region

Body region
Precourse

Average 6 SE
During-Course
Average 6 SE

Postcourse
Average 6 SE

Freidman Q (x2)
Among Time Points

P Value Among
Time Points

Knee 1.94 6 1.46 3.98 6 0.58 4.44 6 0.44 28.22 ,.001
Ankle/foot 1.26 6 1.37 3.69 6 0.49 3.97 6 0.60 26.06 ,.001
Shoulder 1.37 6 1.62 3.47 6 0.69 3.91 6 0.72 24.27 ,.001
Elbow/wrist/hand 1.28 6 1.36 3.27 6 1.09 3.63 6 1.02 23.47 ,.001
Hip 0.85 6 1.25 3.23 6 0.86 3.20 6 0.96 28.35 ,.001

Total 1.34 6 1.31 3.53 6 0.51 3.83 6 0.61 24.27 ,.001

Abbreviation: SE, standard error.

Figure 4. Average postcourse scores for each structure. Structures are noted on the x-axis, and the image score out of 5 points
is noted on the y-axis. Abbreviations: AC, acromioclavicular; AIIS, anterior inferior iliac spine; AITFL, anterior inferior tibiofibular
ligament; AT, athletic trainer; ATFL, anterior talofibular ligament; CMC, carpometacarpal; LAX, long axis; MCL, medial collateral lig-
ament; SAX, short axis; UCL, ulnar collateral ligament of the elbow.
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skill level, but one study assessed the interpretation, not the
acquisition, of images by emergency medicine residents and
physicians23; one reported improvements in identifying normal
images of the wrist but did not evaluate image optimization by
radiology residents and MSK fellows24; and another assessed
performing and interpreting abnormal focused abdominal US
examinations.25 In our study, ATs were acquiring images of
normal structures and were asked to optimize images rather
than identify pathology. Overall, this MSK diagnostic US
course improved ATs’ confidence in performing the tasks that
they more commonly perform in our clinics and athletic training
facilities: identifying structures when the physician is scanning,
labeling images, and optimizing depth and gain. However, self-
reported confidence in their ability to acquire or identify US
images when they are scanning should be interpreted cautiously,
as this did not correlate with the US image acquisition skill level.

Strengths and Limitations

There were several strengths to this study. This study evaluated
a comprehensive, 6-month longitudinal MSK diagnostic US
course that covered peripheral joints and surrounding soft tissue
structures. All participants attended the hands-on scanning ses-
sions, completed surveys, and submitted US images throughout
the course. Previously, the effects of US training on a learner’s
ability to acquire and optimize diagnostic US images have been
limited in scope to isolated body regions26,27 or typically evalu-
ated for resident or fellow physicians.24 To our knowledge, this
was the first study to assess a learner’s ability to acquire US
images of normal MSK structures and can serve as a model for
future studies that have MSK US image acquisition as an out-
come measure.

There were also several limitations to this study. This study
encompassed only a single year, and it is unclear if the informa-
tion learned during the course will be retained over subsequent
years. Implementing a similar course at other institutions may
present a challenge, as a physician skilled in MSK US is neces-
sary to lead the course. It is unclear if a different US curriculum
would produce similar results. In addition, completion of the
course required a weekly commitment by the ATs at our institu-
tions, which they did outside their typical work hours. Athletic
trainers spent roughly 1 hour per week reviewing the anatomy
lectures and the AMSSM US videos and roughly 2 to 3 hours
per week during the hands-on session and acquiring US images.
Obtaining pre- and postcourse images took several hours and,
due to busy sports seasons, took some ATs the full 6 months to
complete the image acquisition as part of the postcourse assess-
ment. Finally, the overall improvement in posttest image scoring
may have been influenced by factors outside the course, such as
the time of exposure to US in clinical settings; however, given
that ATs who observed and performed US while working with
a physician on a weekly basis and those who did not both
improved throughout the course, participation in the course
likely contributed to the overall improvement in image acquisition
scores that was observed.

The subjective image scoring system that we employed had
not been previously described or validated; however, this sys-
tem was developed to assess the key components of MSK US
image acquisition and optimization. Measures to decrease the
subjective nature of the scoring system were employed, including
obtaining consensus among 2/3 of the image reviewers and hav-
ing well-defined criteria. However, there was relatively high

interrater reliability between the physician scorers for each,
and future studies assessing learners’ ability to acquire MSK US
images could utilize this scoring system. Additionally, the ability
to acquire US images of normal structures was assessed, and
any correlation with the ability to acquire US images of patho-
logic structures is unknown. Finally, although the image scoring
system was utilized to assess key components of US image
acquisition and optimization, it was not designed to determine
criteria that would indicate that an AT is competent in perform-
ing US under a physician’s guidance.

CONCLUSIONS

Ultrasound is an imaging modality that is increasingly being
utilized by physicians and the ATs who work with them in
sports medicine clinics, in athletic training facilities, and on
the sidelines. We have described a comprehensive longitudinal
MSK diagnostic US course and found that participation may
have resulted in significant improvements in ATs’ abilities to
acquire, label, and optimize US images of normal MSK struc-
tures that are commonly injured by active persons. Athletic
trainers who spend more time with physicians who utilize US
had the best image scores. Developing a thorough under-
standing of MSK US will allow ATs to better assist physi-
cians when they are performing diagnostic and interventional
US in the clinic, in the athletic training facility, and on the
sidelines of sporting events.
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