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Abstract
Background  Point-of-care ultrasound (POCUS) education has become an essential component of medical school 
curricula. Ultrasound represents a highly effective teaching modality to reinforce anatomical knowledge gained 
during cadaveric dissections. At Texas Tech University Health Sciences Center-School of Medicine (TTUHSC-SOM), 
POCUS was incorporated into the pre-clerkship curriculum especially during the first year of medical school anatomy 
course.

Methods  Pre- and post-ultrasound quizzes and summative exam performance were used to evaluate ultrasound 
session effectiveness. Post-block survey results were utilized to assess students’ perception of these sessions.

Results  A significant increase in post-quiz scores compared to pre-quiz scores (p < 0.0001) was observed in all three 
ultrasound sessions. Students ranked the overall experience with ultrasound sessions highly with 86% indicating 
ultrasound training was valuable in understanding human anatomy. Additionally, 92% indicated being more at ease in 
acquiring ultrasound images as the block progressed.

Conclusions  First-year medical students perceived ultrasound training as valuable in enhancing their understanding 
of human anatomy and became more proficient acquiring ultrasound images as the block progressed. Early 
introduction of POCUS in the pre-clerkship curriculum helps build foundational knowledge and skills that support 
students in developing competency in image acquisition and interpretation.
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Introduction
Point of Care Ultrasonography (POCUS) is a diagnos-
tic tool used by physicians in various specialties. Ultra-
sound’s utility in the rapid diagnosis of various medical 
conditions has resulted in its widespread incorporation 
in clinical practice by physicians, especially in the field 
of emergency medicine [1]. Current advancements in 
POCUS and the safety, portability, and effectiveness of 
this modality have resulted in expansion of POCUS to 
fields outside of traditional specialists using ultrasound, 
such as radiologists, cardiologists, obstetrics-gynecol-
ogists, and plastic surgeons [2, 3]. Clinical adoption of 
POCUS has outpaced education and training, resulting 
in the need to introduce education on this technology 
earlier within the pre-clerkship medical school curricu-
lum [4, 5]. 

Ultrasound proficiency requires practice and repeti-
tion to become facile in image acquisition. In keeping 
with this, the American College of Emergency Physicians 
published clinical ultrasound guidelines in 2017 recom-
mending a minimum of 150 ultrasound examinations 
(or 25–50 for each type) for general competence [6]. 
Incorporating ultrasound education and training into 
undergraduate medical education is highly beneficial to 
ensure students develop increased proficiency in image 
acquisition and overall comfort with this diagnostic tool 
[7, 8]. Accordingly, many institutions began implement-
ing POCUS training into their undergraduate medical 
curriculum as early as 2006. The American Institute of 
Ultrasound in Medicine hosts a self-reported list of med-
ical schools that have incorporated ultrasound into their 
medical school curricula. It reports 81 of 221 Liaison 
Committee on Medical Education-accredited schools to 
have some level of structured ultrasound instruction [9]. 
However, based on a recent survey of institutions, adop-
tion of ultrasound in the curriculum of accredited United 
States medical schools is even more widespread [10]. 
Currently, 72.6% (168/200) of the medical schools that 
responded to the survey indicated having an ultrasound 
curriculum. Ultrasound was listed as a mandatory activ-
ity by majority of the survey respondents, with instruc-
tion primarily being integrated into existing courses 
(73.8% in basic science courses, 66.2% in clinical skills 
courses, and 35.4% in clinical rotations). Incorporation of 
ultrasound into undergraduate medical school curricula 
has generally been favorably received by the students as 
determined by a high level of satisfaction, as well as inter-
est in obtaining additional ultrasound training [5, 11]. 

The use of ultrasound imaging can aid in connecting 
students’ comprehension of anatomy in the preclini-
cal phase and their subsequent evaluation of patient 
anatomy and pathology in the clinical setting. An exten-
sive review published in 2017 highlights that POCUS 
introduced during anatomy, complements anatomical 

knowledge learned during cadaveric dissections and 
fosters development of clinical skills [12]. While incor-
porating ultrasound as an educational tool for anatomy 
presents a boon for students, feasibility is limited by lack 
of resources required to effectively implement these ses-
sions. Some of the significant hurdles preventing imple-
mentation of POCUS into the pre-clerkship curriculum 
include lack of trained faculty, curricular time limita-
tions, and a lack of proper equipment/funding.11,13,14 
The purpose of this study was twofold. First, we describe 
our experience with the implementation of POCUS into 
the pre-clerkship curriculum gross anatomy course at 
Texas Tech University Health Sciences Center School of 
Medicine (TTUHSC-SOM). Our secondary aim was to 
evaluate the effectiveness of formal ultrasound sessions, 
their impact on first-year medical students’ ability to read 
and acquire images, and their perceptions of the value of 
POCUS in the first-year gross anatomy course. Finally, 
we describe the successful navigation of commonly cited 
barriers to implementation.

Materials and methods
Ethics
This project has been approved by the TTUHSC-Quality 
Improvement Review Board (QIRB). Protocol number: 
QI-22091.

Study design
The Phase 1 medical school curriculum at TTUHSC 
begins with the 10-week Anatomy, Histology and Embry-
ology (AHE) block. During this course, first-year medical 
students learn about human anatomy through lectures, 
cadaveric laboratory dissection, basic tissue histology, 
and embryology. The AHE block is divided into 3 units- 
upper limb, back and thorax (unit 1); head and neck (unit 
2); and abdomen, lower limb, pelvis, and perineum (unit 
3) (Fig. 1A). Ultrasound sessions were fully incorporated 
into the first-year anatomy block during the 2016–2023 
academic year. This consisted of a 50-minute introduc-
tory lecture given by a clinician familiarizing the students 
with ultrasound physics, definitions/terms, “knobology”, 
transducer types, screen orientation and various arti-
facts. Additionally, three hands-on ultrasound sessions 
were integrated with the existing dissection activities for 
specific anatomical regions typically completed by our 
first-year medical students. These included the shoulder, 
neck, and abdomen (right upper quadrant) (Table 1).

Participants
All first-year medical students enrolled at TTUHSC-
SOM (2016–2019, 2021–2023) were eligible for inclusion 
(n = 1,260) in this study. Due to COVID-19 restrictions, 
ultrasound sessions were not offered in the academic 
year 2019–2020. Ultrasound sessions and the associated 
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quizzes were mandatory for the medical students; how-
ever, students were given the opportunity to select 
the time for the in-person ultrasound session to allow 
for flexibility in scheduling. All the participants were 
included in the pre-quiz analysis, but only the partici-
pants who attended in-person ultrasound sessions were 
included in the post analysis. Additionally, despite the 
mandatory nature of the quizzes, some students fail 
to complete the quizzes on time, resulting in missing 
data. This discrepancy may be reflected in the differ-
ences between the number of quiz takers and ultrasound 
attendance.

Facilitator training
To ensure consistency among facilitators, a 2-hour facili-
tator training was provided to the anatomy faculty and 
the teaching assistants (Graduate Medical Education 
Sciences Program, GMES) prior to each ultrasound ses-
sion. Additionally, the teaching assistants participated 
in a total of 5 h of ultrasound training during the GMES 
orientation, prior to start of the AHE block. During this 
training, the teaching assistants engage in hands-on prac-
tice sessions under the supervision of experienced faculty 
members to ensure they feel comfortable facilitating the 
sessions. The trainers included the medical education 

Table 1  Ultrasound curriculum for first year medical students during anatomy lab dissections
Session Objectives
Shoulder (session 1) Obtain an image of the musculoskeletal structures of the shoulder and wrist. Specifically, identify me-

dian nerve, arteries (radial and ulnar), tubercles/tuberosity (greater and lesser) and tendons (flexors at 
the wrist level, long head of the biceps, supraspinatus, infraspinatus, teres minor and subscapularis).

Neck and thyroid (session 2) Identify carotid artery, jugular vein, thyroid gland, thyroid isthmus, trachea, strap muscles and mea-
sure the thyroid lobes.

Abdomen (session 3) Identify relationship and orientation of liver and gallbladder. Obtain a view of the left lobe of the liver, 
caudate lobe, inferior vena cava, ligamentum venosum, and hepatic vein.

Fig. 1  Integration of ultrasound sessions into Phase 1 curriculum and in-person ultrasound sessions layout. A) The AHE block consists of 10 weeks and 
3 units. Unit 1 focuses on the upper limb, back and thorax. After students complete the shoulder cadaveric dissection, in-person shoulder ultrasound 
session is incorporated into this unit. Unit 2 covers head and neck and students perform neck and thyroid ultrasound. Unit 3 focuses on abdomen, lower 
limb, pelvis, and perineum. In this unit students perform the liver and gallbladder ultrasound. B and C) For ultrasound sessions 1 (shoulder) and 2 (neck 
and thyroid), medical students perform ultrasound on each other (2 students/ultrasound machine) during practice sessions. D) For abdomen (liver and 
gallbladder) ultrasound, medical students perform ultrasound on a standardized patient. For this session students are grouped based on their cadaveric 
tank groups (3 students/standardized patient)
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anatomy faculty who are well-versed with ultrasonogra-
phy. For the musculoskeletal ultrasound (session 1) the 
clinicians, together with fellows, from the Department 
of Family Medicine Sports Medicine Fellowship, partici-
pated in training the faculty and medical students. The 
medical education anatomy faculty and the clinicians 
remained consistent throughout the study.

In-person ultrasound session structure
Prior to each session, students were provided online 
learning modules (the Society of Ultrasound in Medi-
cal Education (SUSME) modules) with stepwise instruc-
tions for performing the ultrasound evaluation of specific 
structures within each region (Supplemental File 1). 
To optimize time utilization, each ultrasound educa-
tion session was strategically consolidated into a single 
day, further organized into 30-minute intervals for stu-
dent sign-ups. For these sessions, students paired up 
and worked to image the region of interest using either 
themselves (shoulder and neck ultrasound, Fig. 1B C) or 
a standardized patient (abdomen, Fig. 1D). This approach 
enhanced scheduling flexibility for students, mitigat-
ing disruptions to the curriculum while ensuring ample 
time for skills practice and achievement of educational 
objectives. The learning objectives for each session were 
developed in alignment with the core clinical ultrasound 
milestones proposed by Dinh et al. [13] To further aid 
in learning, students were guided by the facilitators and 
the student-to-facilitator ratio was kept low (~ 2:1). The 
facilitators ensured proper student understanding of the 
material covered in the session, contextualized the con-
cepts with regards to clinical applications and embryol-
ogy within the anatomy curriculum, and moved students 
through the sessions in a timely manner.

Ultrasound questions and student feedback
Twenty-four hours prior to each ultrasound session, a 
short multiple-choice pre-quiz was administered via 
Examplify (web-based testing application) to collect data 
on baseline familiarity and understanding of the princi-
ples of ultrasound and identification of various structures 
on a static ultrasound image of the region of interest 
(Supplemental File 2). Following completion of an ultra-
sound session, a post-quiz containing questions relevant 
to the learning session was assigned to the students. The 
focus of the post-quiz was to determine whether in-per-
son ultrasound sessions improved ultrasound familiarity 
and image interpretation. To obtain this goal, different 
post-quiz questions were given as compared to pre-quiz, 
but tested concepts were the same. To assess retention 
of knowledge gained from these sessions, 2 image inter-
pretation questions were included in the unit exams. 
The image interpretation questions included on exams 
consisted of images that students had previously seen. 

However, students were tasked with identifying an alter-
native structure within the same image, challenging their 
comprehension in a novel way. An End-of-Block survey 
was given to the students after completion of AHE block 
to assess student attitudes. For the academic year 2022–
2023, both pre-quiz 1 and post-quiz 3 also contained 
questions to gauge student perception of ultrasound and 
confidence in usage of ultrasound.

Statistical analysis
De-identified student assessment scores were obtained 
through the TTUHSC- Office of Curriculum. Data are 
expressed as the mean ± standard deviation. A student’s 
paired t-test was used to compare the pre- and post-
quiz scores. For multiple comparisons, a one-way or 
two-way analysis of variance (ANOVA) was performed 
using GraphPad Prism version 4.03 software. When sig-
nificance was observed, comparisons between groups 
were made using Bonferroni or Tukey’s post-hoc test. A 
p-value of ≤ 0.05 was considered significant.

Results
Student performance on the ultrasound quizzes
Student performance on pre- and post-quizzes for the 
shoulder, neck and thyroid, and abdomen sessions were 
analyzed. Each class for the academic years presented had 
between 168 and 189 participants on the pre- and post-
ultrasound quizzes (Tables 2, 3 and 4). Student post-quiz 
scores improved significantly relative to their pre-quiz 
scores for shoulder, neck, thyroid, and abdomen ultra-
sound sessions across all academic years (Fig.  2A and 
Tables 2, 3 and 4). Additionally, student performance on 
subsequent pre- and post-quizzes improved significantly 
from session 1. Pre- and post-quiz session 2 scores (67.6% 
and 90.9% respectively) were significantly higher than 
corresponding pre- and post-quiz performance from ses-
sion 1 (59.8% and 82.6% respectively) (p < 0.001) (Fig. 2A). 
In contrast, performance on pre-quiz 3 (60.2%) was sig-
nificantly lower compared to prior pre-quiz 2 (60.2% and 
67.6% respectively) (p < 0.001). However, performance on 
post-quiz 3 (87.4%) was significantly improved as com-
pared to post-quiz 1 (82.6%) (p < 0.001) (Fig. 2A).

Student performance on summative written exam 
ultrasound questions
To assess retention of knowledge gained from in-per-
son ultrasound sessions, image interpretation questions 
were included in unit exams specific to the ultrasound 
session corresponding with that unit. Following ultra-
sound session 1, 80% of the students correctly identified 
the long head of the biceps tendon on the summative 
unit 1 exam with a point biserial (PBS) of 0.38 (Fig. 2B). 
Similarly, 92% and 86% of the students correctly identi-
fied the internal jugular vein and the inferior vena cava 
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(IVC) on the unit 2 (PBS-0.19) and unit 3 (PBS-0.22) 
exams (Fig.  2B). Student performance on units 2 and 3 
ultrasound exam questions was significantly increased as 
compared to unit 1 (p < 0.001) (Fig. 2B). In academic year 

2020–2021, in-person ultrasound sessions were not pro-
vided to the students due to COVID restrictions but the 
didactic introductory lecture familiarizing the students 
with ultrasound physics, definitions/terms, “knobology”, 

Table 2  Student performance on ultrasound quizzes for the shoulder session
Ultrasound session 1 Quiz average 

(%age)
SD (±) Number of partici-

pants (quizzes)
Number of partici-
pants (US session)

Score range p-value

AY 2016–2017 Pre-quiz 64 1.13 180 182 20–100 < 0.0001
Post-quiz 89 0.72 182 40–100

AY 2017–2018 Pre-quiz 65 1.3 186 186 0-100 < 0.0001
Post-quiz 85 0.80 178 40–100

AY 2018–2019 Pre-quiz 65 1.18 185 184 0-100 < 0.0001
Post-quiz 88 0.75 181 40–100

AY 2019–2020 Pre-quiz 62 1.19 187 188 0-100 < 0.0001
Post-quiz 87 0.86 185 20–100

AY 2021–2022 Pre-quiz 43 1.2 189 187 0-100 < 0.0001
Post-quiz 65 0.80 178 20–100

AY 2022–2023 Pre-quiz 76 1.1 180 184 44–100 < 0.0001
Post-quiz 77 0.89 168 20–100

AY- academic year, %age- percentage, SD- standard deviation

Table 3  Student performance on ultrasound quizzes for the neck and thyroid session
Ultrasound session 2 Quiz average 

(%age)
SD (±) Number of partici-

pants (quizzes)
Number of partici-
pants (US session)

Score range p-value

AY 2016–2017 Pre-quiz 69 1.41 188 181 0-100 < 0.0001
Post-quiz 91 0.68 181 40–100

AY 2017–2018 Pre-quiz 67 1.45 185 183 0-100 < 0.0001
Post-quiz 93 0.72 174 0-100

AY 2018–2019 Pre-quiz 71 1.38 181 183 0-100 < 0.0001
Post-quiz 94 0.53 177 60–100

AY 2019–2020 Pre-quiz 69 1.45 189 188 0-100 < 0.0001
Post-quiz 93 0.59 188 40–100

AY 2021–2022 Pre-quiz 69 1.51 188 181 0-100 < 0.0001
Post-quiz 90 0.68 181 40–100

AY 2022–2023 Pre-quiz 61 1.4 184 181 0-100 < 0.0001
Post-quiz 86 0.82 179 20–100

AY- academic year, %age- percentage, SD- standard deviation

Table 4  Student performance on ultrasound quizzes for the abdomen session
Ultrasound session 3 Quiz average 

(%age)
SD (±) Number of partici-

pants (quizzes)
Number of partici-
pants (US session)

Score range p-value

AY 2016–2017 Pre-quiz 57 1.38 182 182 0-100 < 0.0001
Post-quiz 90 0.79 182 20–100

AY 2017–2018 Pre-quiz 68 1.33 179 186 0-100 < 0.0001
Post-quiz 92 0.61 171 40–100

AY 2018–2019 Pre-quiz 58 1.37 180 184 0-100 < 0.0001
Post-quiz 85 1.05 177 20–100

AY 2019–2020 Pre-quiz 59 1.45 188 188 0-100 < 0.0001
Post-quiz 87 0.84 187 20–100

AY 2021–2022 Pre-quiz 61 1.5 183 189 0-100 < 0.0001
Post-quiz 85 1.01 189 20–100

AY 2022–2023 Pre-quiz 49 1.33 180 183 0-100 < 0.0001
Post-quiz 87 1.02 173 56–100

AY- academic year, %age- percentage, SD- standard deviation
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transducer types, screen orientation and various artifacts 
was given. During COVID year, performance on a ques-
tion requiring identification of nerves versus muscle ten-
dons based on anisotropy was only successfully answered 
by 34% of the students.

Student survey
Prior to participating in the in-person AHE ultrasound 
sessions, 38% of the students were familiar (somewhat 
or extremely) with techniques and imaging, 65% were 
comfortable with visualizing anatomy in a 3D space and 
26% were comfortable with acquiring ultrasound images 
(Table 5). After completion of 3 hands-on ultrasound ses-
sions in AHE, 99% of the students said they were familiar 

Table 5  Student perception of basic familiarity with ultrasound techniques and confidence in acquiring ultrasound images
Ultrasound session 1 pre-quiz (n = 193) Ultrasound session 3 post-quiz (n = 186)

How familiar are you with ultrasound techniques and imaging?
Extremely familiar 4.15% 11.29%
Somewhat familiar 33.68% 87.63%
Not familiar 24.87% 2.15%
Somewhat unfamiliar 19.17% 2.15%
Extremely unfamiliar 18.13% 0.54%
How comfortable are you with visualizing anatomy in a 3D space?
Extremely comfortable 5.70% 15.05%
Somewhat comfortable 59.07% 70.97%
Not comfortable 22.28% 16.13%
Somewhat uncomfortable 11.92% 1.08%
Extremely uncomfortable 1.04% 0.54%
How comfortable are you with acquiring ultrasound images?
Extremely comfortable 3.63% 12.90%
Somewhat comfortable 22.80% 79.57%
Not comfortable 42.49% 9.14%
Somewhat uncomfortable 22.28% 2.15%
Extremely uncomfortable 8.81% 0.54%

Fig. 2  Student performance on the ultrasound quizzes and summative exams. (A) Student average performance on the pre- and post-ultrasound quiz-
zes (3 pre- and 3 post-quizzes) over the years was shown as a bar graph. (B) Student performance on static ultrasound image interpretation questions on 
summative exams was shown as a bar graph. Data are expressed as the mean ± standard deviation. A one-way Analysis of Variance (ANOVA) followed by 
Tukey’s post-hoc test was performed using GraphPad Prism software. A p ≤ 0.05 was considered significant (**** p < 0.0001)
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with ultrasound techniques and imaging, 86% felt com-
fortable visualizing anatomy in a 3D space and 94% felt 
comfortable with acquiring ultrasound images (Table 5). 
In the End-of-Block AHE surveys (n = 161–186), the 
ultrasound sessions were rated equivalent to other ses-
sions/activities offered within the block, such as anat-
omy lab sessions, formative exams, clinical correlation 
lectures, and jeopardy sessions (Fig.  3A). Students indi-
cated that ultrasound sessions were beneficial to their 
better understanding of anatomy (Fig. 3B). Students also 
endorsed a strong desire for more time in the curriculum 
to practice and learn ultrasound skills (Fig. 3B).

Discussion
Early introduction of POCUS in the medical school 
curriculum can provide numerous benefits for medi-
cal students [5, 7, 14–16]. Due to the complex anatomi-
cal relationships and spatial orientation, many aspects 
of clinical and regional anatomy can be difficult to com-
prehend based on using 2D models or cadaveric study 
alone. Incorporating ultrasound has been shown to pro-
vide benefits as an additional tool to help understand 
these complex concepts [7, 17–20]. It also increases 
competency and confidence in image acquisition and 
interpretation. Guided POCUS sessions allow for greater 
confidence in clinical decision-making during clerk-
ships and when performing physical exams [5, 7, 15, 16]. 
A study by Liu et al. found that students who partici-
pated in a longitudinal POCUS program scored signifi-
cantly higher on the Clinical Skills portion of the United 
States Medical Licensing Exam than non-participating 
students [21]. The aim of this study is to describe the 
authors’ experience in the implementation of POCUS 
into the pre-clerkship curriculum during the anatomy 
block at TTUHSC-SOM over a six-year period. Primary 
outcomes were evaluated through descriptive data using 
pre- and post-quiz performance, summative exam data, 
and survey responses from End-of-Block surveys.

At TTUHSC-SOM, ultrasound sessions (didactic and 
3 in-person sessions) were fully incorporated into first-
year anatomy in the AHE block. Each in-person ses-
sion was focused on imaging structures corresponding 
to the cadaveric dissection occurring at the time of the 
ultrasound instruction. This allowed not only for a dem-
onstration of the pertinent clinical applications, but also 
afforded students the opportunity to explore concepts 
that were presented during the anatomy lectures and 
laboratory. The first two sessions (musculoskeletal sys-
tem and neck) were performed in groups of two students 
to one ultrasound machine, providing more opportunity 
and time to practice their skills on themselves or their 
partner and allowing for a more personalized experience. 
Peer interaction and active learning allowed students to 
learn from and teach one another, which is an effective 

learning modality [22–24]. Performing the abdomi-
nal ultrasound (session 3) on standardized patients also 
introduced the students to skills required for patient 
interactions.

There was a significant increase in post-quiz scores 
compared to pre-quiz scores in all three ultrasound ses-
sions of the AHE block. An increase in post-quiz perfor-
mance was also observed as students progressed through 
the block. For instance, post-quiz 2 had significantly 
higher scores than post-quiz 1 (p < 0.0001). This finding 
could be explained by students becoming more comfort-
able with the ultrasound sessions, allowing them greater 
success. Performance on post-quiz 3 showed significant 
improvement compared to post-quiz 1 but not relative to 
post-quiz 2. This finding can be attributed to the compar-
atively increased difficulty of the third ultrasound session 
(liver and gallbladder) as compared to the second session. 
Additionally, student performance on questions on sum-
mative exams involving ultrasound image recognition 
further shows the effectiveness of this learning modality 
in understanding human anatomy. Students performed 
well on questions with low levels of difficulty, such as 
identification of the internal jugular vein on an ultra-
sound image. However, questions that required greater 
effort regarding orientation and differentiation, such as 
identifying the IVC on a liver ultrasound, presented more 
of a challenge. Despite this challenge, the performance 
on exam 3 questions was significantly improved as com-
pared to exam 1 questions, suggesting hands-on experi-
ence translated into increased familiarity with usage of 
ultrasound by the end of AHE course. These findings 
align with current literature showing similar results [7, 
25–30]. 

Medical students strongly favor inclusion of POCUS 
sessions as they recognize the benefits of this early expo-
sure and training. Numerous studies report student 
feedback on their experiences with ultrasound sessions 
through survey responses indicating that ultrasound 
training and educational sessions are well received by 
students and viewed favorably [5, 7, 11, 17, 31]. In an 
article by Minardi et al., West Virginia University School 
of Medicine, the authors described their experience 
implementing an ultrasound curriculum in 2012. Fol-
lowing the four-year curriculum, survey results showed 
that 93% of students viewed the curriculum favorably 
[11]. Other institutions, such as the University of South 
Carolina and Harvard Medical School, also shared their 
experiences implementing ultrasound into their cur-
riculum. Both studies reported positive feedback, with 
over 75% of students wanting to see further incorpora-
tion of ultrasound into the curriculum [5, 17]. Similarly, 
at TTUHSC, AHE End-of-Block survey showed over 
two-thirds of responses indicating students value ultra-
sound sessions, as these sessions were ranked on par 
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Fig. 3  Student perception of ultrasound sessions. An End-of-Block survey was given to the first-year medical students after the completion of AHE block. 
An average of 169 (range- 160–181) students participated in the survey. (A) Effectiveness of various resources in enhancing student learning experience 
was analyzed on a 5-point Likert scale. Formative exams and lab sessions were significantly different from student-teaching-student (STS) sessions as 
indicated by different letters. A one-way Analysis of Variance (ANOVA) followed by Tukey’s post-hoc test was performed using GraphPad Prism software. A 
p ≤ 0.05 was considered significant. CC- clinical correlation; US- Ultrasound, STS- student-teaching-student. (B) Student perception regarding ultrasound 
sessions was analyzed based on a 5-point Likert scale
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with other sessions provided within the block. Students 
also indicated a desire for increased time and opportu-
nities dedicated to ultrasound sessions. In addition, 92% 
of the students indicated that they are comfortable with 
acquiring ultrasound images and 86% indicated that they 
are comfortable with visualizing anatomy in 3D space 
after completion of ultrasound sessions. These results are 
on par with previously published literature. For instance, 
a study reported that 93% of students reported favor-
ably on the ultrasound experience after incorporation 
of ultrasound within a gross anatomy course for second-
year medical students. In addition, approximately 90% 
felt strongly that ultrasound used in practical self-study 
was complementary to the anatomy learning [11]. 

Although ultrasound implementation into medical 
school curricula is becoming more common, the number 
of medical schools with a formal ultrasound curriculum 
is still low [9]. Reasons for this include the hurdles many 
institutions face in incorporating formal ultrasound ses-
sions into the medical school curriculum. These barriers 
include cost and lack of funding, time constraints, physi-
cal space constraints, and lack of trained faculty [4, 11, 
31, 32]. Russell et al. surveyed 122 clinical ultrasound 
directors and curricular deans at United States medical 
schools. They found that 94% of these programs encoun-
tered some or many of these barriers, with lack of trained 
faculty being the highest reported [32]. Although this is 
a significant issue, previous studies have shown success-
ful implementation of ultrasound with limited clinically 
trained faculty through the help of residents, upper-level 
medical students, and peer-led instruction [4, 23, 24, 30, 
32, 33]. At TTUHSC-SOM, a combination of anatomy 
faculty (n = 6), clinical faculty (n = 2), residents (n = 2), who 
are well-versed in ultrasound, and ultrasound-trained 
teaching assistants (n = 12–15) facilitate these sessions. 
Teaching assistants having limited background experi-
ence with POCUS were trained to facilitate POCUS ses-
sions through a 2-hour facilitator training session prior 
to each ultrasound session. Additionally, the teaching 
assistants participated in a total of 5  h of ultrasound 
training one week before the start of the AHE block. 
Training sessions involved dividing teaching assistants 
into small groups and practicing skills pertaining to the 
upcoming session on standardized patients or each other. 
This allowed for quick training of graduate students, who 
were then able to assist in facilitating the teaching ses-
sions. The TTUHSC-SOM gross anatomy class size has 
an average of 200 students and includes first year medical 
students and a small group of Graduate Medical Educa-
tion Sciences students. Notably, this class size surpasses 
the national average of 155 among U.S. medical schools 
[34]. Despite the large class size, the student-to-facilita-
tor ratio remains low (~ 2:1) in these sessions due to the 
availability of teaching assistants. Efficient scheduling 

plays a pivotal role in optimizing these sessions, with 
students offered multiple sign-up opportunities on the 
session date. This approach not only maintains a bal-
anced instructor-student ratio but also accommodates 
students’ diverse schedules. The success of incorporating 
ultrasound sessions and integrating image interpreta-
tion into exams hinged significantly on the support and 
commitment of key stakeholders, including students and 
block directors. Their buy-in was integral to seamless 
implementation and effectiveness of these educational 
initiatives.

As ultrasound becomes more prevalent in different 
medical specialties and clinical settings, it is crucial to 
prepare medical students with the skills and knowledge 
they need to use POCUS effectively. Common barriers to 
implementation including limited trained facilitators can 
be navigated through invoking the assistance of graduate 
students or upper-level medical students with short train-
ing sessions prior to the teaching session. Early exposure 
to POCUS in the pre-clerkship curriculum provides stu-
dents with foundational knowledge and skills, ultimately 
helping them achieve proficiency in using ultrasound as 
a diagnostic tool during clerkship rotations, residency 
training, and future clinical practice. In addition, investi-
gating the feasibility of incorporating POCUS education 
into the medical school curriculum is an essential step 
toward ensuring that future clinicians are well-prepared 
to use this valuable technology.

Limitations of the study
Although this study adds to the literature describing the 
successful incorporation of POCUS into the medical 
school curriculum, it does have some limitations. The 
primary limitation is that this study only involved first-
year medical students. Therefore, future studies should 
include a more diverse group of medical students from 
different academic years to determine if early ultrasound 
training improves their competency and proficiency 
in ultrasound imaging as they progress through their 
medical education. Secondly, the trainers facilitating the 
ultrasound sessions had varying levels of expertise in 
POCUS, and the training sessions attended by teaching 
assistants were relatively brief. Consequently, the vari-
ability in trainer experience may have influenced the 
consistency and quality of the learning experience for 
students. Furthermore, the assessment methods utilized 
in this study are limited. The missing quiz data due to 
students not completing mandatory quizzes or in-person 
sessions could introduce a potential bias in the analysis 
of quiz results. To mitigate the impact of missing quiz 
data, we analyzed the number of students who did not 
complete the quizzes. On average, 20 or fewer students 
missed quizzes, indicating that while missing data may 
slightly affect overall scores, the impact is minimal when 
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examining broader trends in a large same size (n ≥ 160) 
rather than individual quiz performance. The effective-
ness of early intervention on better student outcomes 
should be explored through longitudinal assessments in 
future cohorts.

Conclusions
This manuscript highlights the successful implemen-
tation of formal ultrasound training sessions into the 
pre-clerkship medical school curriculum. The incorpo-
ration of ultrasound into medical education is becom-
ing increasingly important, and this study contributes to 
the growing body of literature on this topic. Overall, the 
results of this study suggest formal ultrasound training 
in medical school can provide valuable clinical skills and 
knowledge to future physicians, which may contribute to 
improved patient care and outcomes. The authors of this 
study aim to inspire other institutions to consider imple-
menting similar programs and continue advancing the 
integration of ultrasound into medical education.
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