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Abstract

Introduction Ultrasound (US) imaging has rapidly increased its application in almost every medical field. Many universities
worldwide provide teaching of US for undergraduates in their curricula. Emerging evidence is supporting the use of ultrasonog-
raphy to improve also non-US skills and knowledge of medical students.

Objectives The purpose of this review is to understand if the integration of US lessons into medical students’ curriculum
improves their learning of physical examination and enhances their skills when performing it.

Methods We performed a systematic review of literature by searching three electronic medical databases. We included studies of
any level of evidence published in peer-reviewed journals. Evaluated data were extracted using the PICO framework and
critically analyzed. PRISMA guidelines were applied; we excluded all the articles evaluated with serious risk of bias and/or
low methodological quality.

Results We included 15 articles, accounting for more than 1643 medical students involved from five different countries and 14
various academical institutions. Eight out of nine studies (88.9%) reported an improvement of practical physical examination
scores by students exposed to ultrasound lectures. Eleven out of eleven studies (100%), which administered self-assessment
questionnaires, reported strong agreement among students that ultrasound lectures helped them learning and understanding the
physical exam and improved their confidence and skills.

Conclusions Increasing evidence shows that incorporating ultrasound in medical students’ curriculum might improve their ability
and confidence when learning and performing a physical exam. This significant tendency needs to be corroborated at a deeper
level by further studies.
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Introduction Its contribution to the improvement of diagnosis’ efficiency

radically changed medical practice, due to its affordability,
Since its first diffusion, ultrasound imaging has rapidly in-  reliability, and practicality [1, 2]. Thanks to these characteris-
creased its application in almost every medical field [1, 2]. tics, ultrasonography has been used as a diagnostic and inter-
ventional tool over the past 20 years [2], handily executed and
interpreted by clinicians at the bedside, with and even without
the intervention of a radiologist [2]. This practice, called
point-of-care ultrasonography [2], has been deeply introduced
into physical examination routine, and most authors claim that
54 Emanuele Chisari physicians shortly will consider ultrasound as an “extension of
chisari.emanuele @ gmail.com their senses,” like the stethoscope [3].

Despite its possible even wider diffusion, ultrasound imag-
Departmpnt of Ge.neral Surgery and Medical Specialties, University ing today is part of the everyday clinician job. Thus, it needs a
of Catania, Catania, Italy significant implementation of its teaching in undergraduate
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manage this tool effectively [3]. Many medical schools world-
wide implemented teaching of ultrasound for medical students
[5—7]; nevertheless, there is still no agreement on when and
how this should be inserted into the course of study [8].

Different instructional methods have been used [4], in-
cluding traditional teaching, featured by lessons, videos,
and web-based lectures [9], combined with a practical
session through the scanning of peers [10], patients [9,
11] or the use of simulators [11]. Also, whereas a curric-
ulum implementation is still relatively uncommon, most
medical schools have introduced ultrasonography educa-
tion as an elective course, mostly related to the teaching
of anatomy [12—-14]. Among all this heterogeneity, emerg-
ing evidence supports a focus on practice-based learning
to improve technical skills [15, 16].

Since the use of ultrasound has spread so much both in the
clinical setting and, slowly, also in medical students’ curricula
[17], it is interesting to analyze the actual influence of ultra-
sound on the students’ clinical skills.

Beside its integration, many studies already investigated
the improvement of physical examination in students who
had learned and mastered ultrasonography at a university
[17, 18], underlining the fulfillment of undergraduate students
who took part in those programs [19]. Ultrasound has also
been used as a guidance of procedures, and it has been en-
hanced improved practicality among medical students who
used point-of-care ultrasound guidance in the placement of
intravenous catheters [20, 21].

Emerging evidence is supporting the use of ultrasounds to
improve not only US abilities but also non-US skills such as
anatomy knowledge and physical examination proficiency of
medical students [17]. This method resulted, on medical stu-
dents’ performance, as effective as cadaver dissections or en-
doscopy [17, 22, 23], and the same achievement was reached
when the lessons were taken by either anatomists or near-peer
educators like residents of fourth-year [24].

The literature up to now already highlighted how the
use of ultrasonography helped students to be more accu-
rate in the comprehension of human anatomy and more
confident in performing precise physical examinations.
Moreover, it suggested that preparing medical students
for this procedure could result in a better health care offer.
Therefore, the benefits are both into the improvement of
the student’s knowledge about visiting the patient and into
the possibility to have always more professionals able to
perform a bedside procedure at the best of their capacity,
regardless of their specialty. Nonetheless, a recent system-
atic review underlined the absence of actual evidence to
support a deeper integration of ultrasound in a university’s
curricula [25].

Our systematic review aims to report the most up-to-date
evidence on the effects of ultrasonography implementation on
physical examination skills in medical education.
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Methods
Literature Search Strategy

We conducted this systematic review according to the pre-
ferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines [26]. A comprehensive search
was performed on three electronic medical databases
(PubMed, Embase, and Cochrane Library) by two indepen-
dent authors (V.O. and M.F.) from their inception on the 10th
of July 2019. Our main aims were: (1) to understand ultra-
sound lessons influence on clinical examination skills learning
and development, (2) to identify how this can be implemented
in a medical school curriculum, and (3) to evaluate the self-
reported perception of medical students involved. To achieve
the maximum sensitivity of the search strategy, we combined
these terms: (ultrasonography or sonography) and (Education,
Medical, Undergraduate) or (medical students) and (Physical
Examination) or (physical exam) as either keywords or mesh
terms. The reference lists of all included articles, previous
literature reviews on the topic and top hits from Google
Scholar were reviewed for further identification of potentially
relevant studies. To avoid overlapping with other ongoing
reviews, we first searched on PROSPERO site for any similar
review (Fig. 1).

Selection Criteria

Eligible studies for our systematic review included those in-
vestigating the effects of ultrasonography training sessions on
physical examination skills and confidence of undergraduates.
Primary screening of the titles and abstracts was performed by
adding studies of any level of evidence published in peer-
reviewed journals written in English. The use of US not only
for training but also during the physical exam practical assess-
ment was our exclusion criteria. Additionally, we excluded
studies in which data were not accessible, missing, without
an available full text, or not well reported. Duplicates, ab-
stracts, case reports, conference presentations, reviews, edito-
rials, and expert opinions were excluded. Two authors (V.O.
and F.M.) performed the search and evaluated the articles
independently. An experienced researcher in systematic re-
views (E.C.) solved cases of doubt. At the beginning of the
procedure, each investigator reads the abstracts of all the arti-
cles, selected the relevant ones according to both inclusion
and exclusion criteria, and then compared the results with
the other investigators. After 4 weeks, the same studies were
reread to establish the agreement of the investigators about
articles’ selection. No disagreement was observed among the
investigators. One investigator extracted the data from the
full-text articles to Excel spreadsheet structured tables to ana-
lyze each study descriptively. Another investigator indepen-
dently double-checked the extraction of primary data from all
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Fig. 1 Prisma flowchart of the
included studies
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Data Extraction and Criteria Appraisal

All data were extracted from article text, tables, and figures.
Data were extracted using the Population, Intervention,
Comparison, Outcome (PICO) framework and included title,
year of publication, study design, sample size, study popula-
tion, students’ characteristics, intervention and comparator
(where applicable), outcomes, funding, and conclusions.
Two investigators independently reviewed each article (V.O.
and F.M.). Discrepancies between the two reviewers were
resolved by discussion and consensus. The final results were
reviewed by the senior investigator (E.C.).

Risk of Bias Assessment

Risk of bias assessment of full-text of all the studies selected
was performed according to the ROBINS risk of bias tool [27]
for non-randomized trials and the Cochrane Collaboration’s
risk of bias tool [27] for randomized trials. This assessment
used the following judgment keys: “low” indicated a low risk
of bias, “moderate” suggested that the risk of bias was mod-
erate, and “high” showed a high risk of bias. Two authors
performed the assessment (F.O. and G.G.) independently.
Inter-rater agreement was 92%. Any discrepancy was

discussed and solved with the senior investigator (E.C.).
Table 1S in online resource 1 outlines the risk of bias
assessment.

Study Quality Assessment

The research methodology quality assessment was com-
pleted as a “yes/no” response to eight questions focusing
on study objectives, study design, randomization,
reporting of participant characteristics, and description of
the intervention. The reporting quality assessment includ-
ed six items: description of underpinning theoretical
models, description of the assessment process, the educa-
tional context, psychometric details, provision of mate-
rials allowing replication, and the strength of the conclu-
sions drawn. The first five of these items were scored on a
three-point Likert scale, with the last item strength of
findings, scored against a five-point Likert scale. The im-
pacts of the interventions were classified following
Kirkpatrick’s adapted hierarchy [28], in line with guid-
ance provided by BEME [29]. A descriptive synthesis of
all included studies was completed, summarizing key
findings, with an assessment of quality indicators as listed
above. Data were extracted, for each study, into a piloted,
non-standardized data-table for accuracy and complete-
ness. Extraction included subheadings from the Best
Evidence Medical Education (BEME) Quality, Utility,
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Table 1 Main characteristics of the included studies
Author Country of ~ Number Control Questionnaire Physical exam Findings
(Year) origin of subjects  group involved
Afonso Us 307 no yes Generic physical examination Physical exam.
et al. (I year) Skillst
(2010)
Ahnetal. US 150 yes yes Palpation of the femoral pulse and estimation of the US > notUS
(2015) (I year) location of the femoral vein Self-confidence?
Barloon Us 46 yes no Measurement of liver span US > notUS
et al. (II year)
(1998)
Butter et al. US 170 yes yes Abdominal examination DelayedUS >
(2007) (I year) Liver measurement immediateUS
Physical exam.
Confidence?
DelayedUS =
immediateUS
Dinhetal. US 301 yes yes OSCE assessment US > notUS
(2015) (I year) Physical exam.
Skillst
Fodor et al. Romania 104 yes yes Thyroid palpation US = notUS
(2012) (1II year) Lung percussion and liver size estimation by US > notUS
palpation-percussion. Physical exam.
Skills1/~*
Hoppmann US not declared no yes Generic physical examination Physical exam.
et al. (L IL 11, IV Skillst
(2011) year)
Hoppmann US not declared no yes Generic physical examination Physical exam.
et al. & 1L 11, TV Skillst
(2015) year)
Jamniczky  Canada 137 no yes Generic physical examination Physical exam.
et al. (I year) Skillst
(2015)
Leggetetal. New 8 yes no Auscultation of heart murmurs US ~/> notUS
(2018) Zealand (V, VI year)
Liu et al. Us 68 yes yes OSCE assessment US > notUS
(2019) (1, IT year) Physical exam.
Confidence?
Parikh et al. US 93 no yes Female pelvic examination and testicular examination Physical exam
(2018) (I year) skills?
Rempell us 38 no yes Generic physical examination Physical exam
et al. (II year) skills?
(2016)
Sweetman  Australia 194 yes no Gastro-intestinal tract examination US < notUS
etal. (1, IT year)
(2013)
Walrod Us 27 yes no Palpation of knee and shoulder US = notUS
et al. (T year)
(2018)
US - Ultrasound training; Exam. — Examination; 1 - Improvement; > — Better results than; < — Worst results than; =~ — Similar results

#- depends on the physical exam involved: self-reported confidence in clinical skills showed a statistically significant increase in the US group only for
thyroid palpation and liver size estimation

Extent, Strength, Target, Setting of evidence (QUESTS) *Grade 2; Results ambiguous, but there appears to be a

acronym [19]. The strength of the retrieved evidence was  trend.
graded using the power of evidence for BEME [20]. *Grade 3; Conclusions can probably be based on the
*Grade 1; No definite conclusions can be drawn. Not results.

significant. *Grade 4; Results are precise and very likely to be true.
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*Grade 5; Results are unequivocal.

The assessment was performed by two authors (F.O. and
G.G.) independently. Inter-rater agreement was 94%. Any dis-
crepancy was discussed and solved with the senior investiga-
tor (E.C.). Table 2S in online resource 1 outlines the quality
assessment.

Results
Study Characteristics

We identified 15 studies [9, 30—43], which evaluated the
impact of ultrasound lectures and hands-on sessions on
physical examination skills and confidence of medical
students. They account for a total of more than 1643 par-
ticipants, medical students attending 14 different institu-
tions of five different countries, of which the most repre-
sented are the USA.

Several studies focused their outcomes on the physical
examination of a particular human system, or an organ
within cardiovascular system [35, 37, 39], endocrine sys-
tem [31], digestive system [30, 31, 39-41], musculoskel-
etal system [36], reproductive system [32], and respiratory
system [31]. Other studies used a more comprehensive
outcome, like the OSCE assessment [33, 38], whereas
some other studies generically investigated physical exam
[9, 34, 42, 43] through surveys. Overall the studies eval-
uated many of the various aspects of necessary physical
examination.

In only four studies [9, 36, 39, 42], the students
involved had prior ultrasound exposure on the subject
evaluated.

Long-term interventions, such as integration of a lon-
gitudinal ultrasound module in traditional curricula,
were evaluated by seven studies [9, 33, 34, 38, 39,
42, 43]. Short-term interventions, like workshops or in-
tensive lectures, were assessed by eight studies [30-32,
35-37, 40, 41].

Nine studies [30, 31, 33, 35-38, 40, 41] used a con-
trol group, and the assignment of students to interven-
tion or control group was randomized except for one
study [30]. The remaining were post-intervention survey
studies.

The studies included were categorized by the type of out-
come reported. In five studies [32, 34, 39, 42, 43], the results
were extracted exclusively from self-assessment surveys.
Three studies [36, 37, 41] used only practical evaluation.
Five studies [31, 33, 35, 38, 40] got the results from both
questionnaire and practical examination.

A summary of the study characteristics is available in
Table 1.

Ultrasound Training and Improvement in Palpation
Skills

Three studies [31, 35, 36] focused their outcomes on the ef-
fects of ultrasonography lessons on the palpation skills of
students.

Ahn et al. [35] reported that 71 students, who underwent a
short-term US training, were more accurate in recognizing the
femoral pulse when compared to the 79 students of the control
group (distance from the femoral artery in cm, mean 0.46 =+
0.71, CON 1.26 +2.06, P=.02).

In the paper by Fodor et al. [31], no statistically significant
differences (P> .05) were found between two groups of 52
students, of which one underwent short-term ultrasound les-
sons, in measuring thyroid diameters using palpation. These
two studies were evaluated as high quality and low risk of
bias.

Walrod et al. [36] randomized 27 students in two groups,
receiving short-term, hands-on ultrasound sessions respective-
ly on knee and shoulder anatomy, and each one serving as a
control group for the other. The shoulder group performed
significantly better in the palpation of the shoulder (perfor-
mance assessment in %, mean 63.0 =21.5, CON 40.2 +
28.3, P=.03), especially in the palpation of the long head of
the biceps tendon (performance assessment in %, mean 63.5
+28.7, CON 28.8 £35.8, P=.01), and in the overall evalua-
tion for both joints (performance assessment in %, mean 71.6
+13.0, CON 56.1 +13.1, P=.01). This study was evaluated
as medium quality and moderate risk of bias.

Overall, also considering their quality and risk of bias,
these three studies tend to demonstrate that ultrasound training
could have positive implications for the palpation skills of
undergraduates, but the degree of improvement could be dif-
ferent or also non-statistically significant concerning the hu-
man system investigated through the physical exam.

US Influence on Abdominal/Gastrointestinal Tract
Examination

Two studies [30, 40] analyzed how the competence of stu-
dents in conducting a complete abdominal/GI tract examina-
tion was affected by short-term, hands-on ultrasound lessons.

Butter et al. [40] measured the students’ skills with a clin-
ical skills assessment (CSA) checklist at two different times.
They randomized 176 students in two groups: one received
US training before the first CSA, the other received US train-
ing after the first CSA. At CSA-1, no statistically significant
differences between the scores of the two groups were noted.
At CSA-2, the group who received the delayed US training
outperformed the other group scores and showed a higher
degree of improvement from CSA-1 (CSA scores, immediate
vs. delayed US, mean 7.28 +0.88, CON 7.66 +0.68,
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P=.0001). This study was assessed as high quality and low
risk of bias.

Sweetman et al. [30] used multiple station assessment task
(MSAT) scores, a type of clinical assessment similar to OSCE,
and confronted the scores of a cohort of 98 students instructed
with US with a retrospective control group of 96 students that
did not receive US training. The performance of the US group
compared to the non-US group was slightly inferior but sta-
tistically significant (MSAT scores, mean 1.02 +0.144, CON
1.07+0.099, P = 0.004). This study was evaluated as medium
quality, whereas the risk of bias was not clear due to some
missing information.

Overall the two studies showed conflicting results, but con-
sidering its high quality and low risk of bias, the findings of
the first study presented could have more importance than the
second one, indicating that US could improve the abdominal
examination skills of medical students.

US Training Effects on Students’ OSCE Scores

The use of US in medical education has also been studied as
an implementation of the students’ ability in physical exami-
nation through the objective structured clinical examination
(OSCE) assessment [33, 38].

Dinh et al. [33], which compared the skills of 163 students
with previous US training with those of 138 students of the
previous year with no US exposure, showed a statistically
significant difference (P <.05) between the post-US and the
pre-US group OSCE scores: in the first one, a major number
of students obtained the higher ratings, while very few stu-
dents received a negative evaluation. That difference was em-
phatic in the following items: blood pressure examination,
abdominal examination, and professionalism. This study was
evaluated as a moderate risk of bias and high quality.

Liu et al. [38] selected two groups of 34 students each: one
receiving additional US lessons and tutoring, one following
the standard program, and working as a control group.

The comparison, which analyzed both short and long-term
improvement of the students’ abilities, showed significantly
(P <.05) higher OSCE scores in the study group than the
control group. This study showed high quality and low risk
of bias.

Overall, also considering the quality and risk of bias of the
studies analyzed, US training seems to have a great positive
influence on OSCE scores of students.

US Enhancement of Liver Size Estimation

Three studies were interested in liver size estimation [40, 41,
44]. Butter et al. [40] examined the accuracy of 170 students in
assessing the liver size after attending US training (n = 82) or
not (n = 88). The results showed no significant differences in
the accuracy of estimations between the two groups.

@ Springer

Barloon et al. [41] randomized 46 students into a control
group who received only lecture and practice sessions (7 =
27), and a study group who also received sonography training
of liver examination (n = 19). The results showed a significant
superiority of the sonography group in liver span measure-
ments, consistently closer to the reference standard (p <.001).

In the last study, by Fodor et al. [44], the intervention group
received US training, in addition to traditional instructions in
palpation and percussion of the liver (n = 52),while the control
group received only general instructions (n = 52). The authors
found no significant differences between the two groups in
liver superior limit identification. However, the inferior liver
limit has been correctly identified consistently more often in
the US group (p <.0001). Also, more students of the US group
correctly identified both liver limits (p <.00001).

Regarding the quality of the studies, they have been
assessed as low risk of bias, except the second one, which
has been evaluated as moderate, and they have been all
assessed as high quality. Considering the quality of the studies
and the findings reported, it is shown that US training can be
beneficial to upgrade the students’ ability in liver size estima-
tion; little differences or non-statistically significant results
could be revealed considering the part of the liver examined
and the timing of introduction of the US training concerning
the traditional lessons schedule.

Effects of US on Heart Auscultation and Lung
Percussion

Legget et al. [37] analyzed the combined use of US and a
digital stethoscope in order to find an improvement in the
students’ cardiac auscultation skills. The study involved eight
students, randomly divided into a control group, who received
training with a standard acoustic stethoscope, and an interven-
tion group, who received US and digital stethoscope training.
The results only showed a significant mean score improve-
ment between two sequential assessment in the intervention
group (p =.027).

Fodor et al. [44] focused on lung percussion to assess the
students’ skills in identifying the inferior limit of the lung. The
identification has been performed by percussion along three
lines: parasternal, mid-clavicular, and anterior axillary. A
higher percentage of students from the group who received
US training correctly identified the 3 points considered, com-
pared with the group who did not received the training
(p=.0028 along the anterior axillary lines; p=.0237 along
the parasternal and the anterior axillary lines; p =.0374 along
the mid-clavicular and the anterior axillary lines).

The first study has been assessed as a moderate risk of bias
and high quality, while the second one has been evaluated as
low risk of bias and high quality.

Overall, pondering both the results and the quality of the
two studies, US could be a favorable tool to enhance the
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students’ lung percussion skills, whereas its effect on heart
auscultation is still unclear.

Evidence and Students’ Perceptions
from Self-Assessment Questionnaires

In ten studies [9, 31-35, 38-40, 42, 43], a questionnaire was
administered to students who underwent US training to collect
and analyze their opinions about the influence of the US les-
sons on their physical examination skills and confidence.

From the survey by Liu et al. [38] emerged that 34 students
indicated that the POCUS pilot curriculum provided them
more comfort when performing physical examination and an
earlier clinical exposure.

Ahn et al. [35] showed that the students’ self-confidence in
identifying the femoral artery and vein increased in a statisti-
cally significant way after their exposure to US lessons
(P<.001 for the artery and P=.01 for the vein, n = 50).

For 163 students in the study by Dinh et al. [33], US ex-
posure through a long-term curriculum integration improved
their physical examination, considering it as a valuable tool
important for their medical education, and that can benefit
their future practice.

Fodor et al. [31] also found that students had different
perceptions about the utility of US lessons in regard to the
physical exam involved: the % of students who considered
that US lessons improved their physical examination skills
was 96% (n = 52) for thyroid palpation, 60% (n = 52) for lung
percussion, and 81% (n=152) for liver size estimation; self-
reported confidence in clinical skills showed statistically sig-
nificant increase in favor of the US group only for thyroid
palpation and liver size estimation.

Butter et al. [40] demonstrated that, after exposure to US
hands-on sessions, all students (n=176) showed increased
confidence in performing abdominal examination (P =.0001).

The studies mentioned above were all evaluated as high
quality and low [31, 35, 38, 40] or moderate [33] risk of bias.

Hoppmann et al. [9, 42] showed that at both 4 and 9 years
since the introduction of an integrated US curriculum in med-
ical school, over 90% of the students (response rate over 90%)
said that the US curriculum implementation improved their
understanding of anatomy and physical exam, with tangible
benefit to their their professional education.

In the study by Parikh et al. [32], the evaluation of 93
students after US demonstrations showed a statistically signif-
icant increase of confidence in their ability to palpate the ova-
ry, uterus and, epididymis and a statistically significant de-
crease in the anxiety about conducting a testicular and biman-
ual pelvic examination; all of the students highly agreed that
US lessons improved their understanding and skills of repro-
ductive system examination.

The 88% of 38 students in the study by Rempell et al. [43]
agreed or strongly agreed that the integration of US lectures

and hands-on sessions in their medical school curriculum
allowed them to learn the physical examination more effec-
tively and that this integration enhanced their confidence in
physical examination skills.

After US lessons and hands-on sessions, it was reported by
Afonso et al. [39] that 78% of 307 students valued the US as
an essential part of the physical diagnosis course.

Jamniczky et al. [34] found that 137 students considered
US useful for learning physical examination skills (mean 4.4
+0.8, where one = very useless and 5 = very useful); further-
more, cognitive load imposed by “knobology” was inversely
associated with perceived utility for learning physical exami-
nation (P =.03).

The studies above mentioned were assessed as medium
quality and low [39] or moderate [9, 32, 34, 42, 43] risk of
bias.

Overall, bearing in mind the quality and risk of bias of the
studies, it strongly emerged from the surveys that ultrasound
integration during medical school is highly appreciated by
students, who felt that US training enhanced their physical
examination skills and confidence. Some significant differ-
ences could affect the degree of appreciation concerning the
type of physical examination involved and to the cognitive
load imposed by the knowledge of basic ultrasound technique.

Discussion

From the analysis of the 15 studies included in our systematic
review, we identified a concord trend, common to almost all
the studies: US integration into medical undergraduates’ cur-
riculum, either in a short or long-term intervention, seems to
improve their physical examination skills and their confidence
when performing a physical exam. We discovered that US
exposure is highly satisfying among students, and it is associ-
ated with concrete learning and practical benefits concerning
physical examination abilities. A possible explanation to this
findings might be given by the immediate feedback that the
US image provides to the student, who can match the position
of internal organs on the body surface in real-time and know if
he/she is examining the patient in the right manner, improving
his/her physical examination accuracy and understanding, es-
pecially for palpation and percussion [30, 32, 34, 38, 41, 44].
Only one study out of 15 reported a slightly negative outcome
of US training on physical examination skills of students,
justified by the authors with the too short length of the US
training, that could have provided the students with over-
confidence without increasing their real abilities. This finding
was suspected by the other two studies [40, 44]. This result
stresses an important point that needs to be highlighted by
future research: if the best way to introduce medical students
to US is either a short or long-term intervention, providing a
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better understanding of the pros and cons of both kinds of
intervention.

Another issue pointed out by Butter et al. [40] and con-
firmed by Fodor et al. [44] was that students’ exposure to
US training before they had traditional practical physical ex-
amination training was unsuccessful, by contrast, the same
exposure after the traditional practical training significantly
improved their skills; these data suggest that a student must
reach a minimum level of competence in practical physical
examination to benefit from a US training on the subject and
upgrade his/her skills. Future investigations, comparing the
performances of the students’ groups that received US training
before or after traditional physical examination lessons, are
required to establish this evidence.

We also discovered that US effectiveness, proved by prac-
tical assessments or perceived by students, varies with the type
of physical exam involved and the cognitive load imposed by
US technique. As regards to the palpation of the thyroid [44],
the authors addressed the non-statistically significance of the
differences between the two groups studied to the competitive
mood that the experiment created and that led both groups to
perform the test with more attention. The musculoskeletal
physical exam, [36] revealed that US could have little benefit
for palpation of bony landmarks [36], probably because they
are just easy to identify with basic anatomy knowledge,
whereas it could have a role on the palpation of soft tissues
[36]. Further work is needed to confirm that US training has
different outcomes depending on the anatomy involved; some
discriminant factors might be: the superficiality and the con-
sistency of the organ/tissue examined, the easiness to explore
the organ/tissue with traditional physical examination instruc-
tions only, the better visualization of some organ/tissue with
US, and the relative difficulty of US technique depending on
the organ/tissue examined. Jamniczky et al. [34] found that the
cognitive load imposed by basic ultrasound knobology (the
functionality of US machines controls) negatively affected
students’ perceptions on the utility of US for learning physical
examination but not for learning anatomy. This could mean
that if we want to use US to enhance physical examination
skills of students, which, in comparison to anatomy learning,
are dynamic tasks that demands a different cognitive load; we
should first instruct the students based on US knobology to
avoid an excessive cognitive amount that would impede the
students to process correctly the new information learned
through the lecture. Further researches are required to assess
these components of the learning scenario.

State of the Art on the Subject
Our research topic was mentioned by other two past system-
atic reviews [25, 45] as part of a more comprehensive analysis

on various outcomes of US on medical education. Their re-
sults reported an inconclusive role for US due to limited
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evidence. Accordingly to these findings, we discovered that
the evidence for every single type of physical inspection of the
various human systems or organs is still inadequate and relies
on a limited number of studies; on the other hand, all these
studies, collected together, showed a mild trend, demonstrat-
ing that US has a positive influence on physical examination
skills of medical students. We highly encourage further ran-
domized trial with a focus on specific anatomic district in
order to clarify the US role. Our systematic review corrobo-
rates the positive results of other past reviews [8, 17, 46, 47]
about non-US related outcomes such as physical examination
improved skills or anatomy improved learning.

Implications and Possible Practical Applications

Point-of-care US is used to confirm or refuse a focused ques-
tion made by the physician in real-time, and, despite compre-
hensive screening scans, it may promote critical and clinical
thinking because its application is based on assumptions made
by the traditional clinical skills of the physician [33].

US is not an essential medical skill today, and probably it
will not be even in the future. However, it can be a useful tool
in everyday practice and also in the experience of a medical
student. Bearing in mind its possible wider future implemen-
tation in the medical curriculum [39], we underline how, based
on available evidence, physical examination teaching may not
need US enhancement to reach high quality, even though we
recognize its several benefits.

If someone thinks that US implementation may negatively
affect critical thinking and tactile skills of students, relying too
much on technology, it is to bear in mind that US is not
intended to replace physical examination or anatomy teach-
ing, but as an adjuvant to enhance the traditional way of teach-
ing and learning through a synergic strategy to build a well-
rounded curriculum [35].

The integration of US into medical school faces some chal-
lenges [43]. Costs, teachers’ availability, and time needed are
the more significant obstacles. Nonetheless, some authors
demonstrated that a curriculum could be improved feasibly
and with minimal resources [33, 38, 43, 48]; a lot can also
be learned from pilot US long-term integrations [9, 42].

US is a technique that requires time to be learned and mas-
tered: early exposure during medical years might allow stu-
dents to practice, being prepared, and advantaged during res-
idency [33] and for their future work as physicians.

Given the results of this and other reviews and articles on
US utility to strengthen US related and non-US related skills
of students, US appears to be a viable tool for medical educa-
tion because, with a single intervention, students can achieve
multiple favorable outcomes. Learn the basics of medical US,
accordingly to the increasing use of US in almost every med-
ical field [49] and reaching the necessary milestones [6] of US
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learning can have future benefit that go over the follow up of
the studies described and should be pursued. [33].

Strengths and Limitations

One limitation to our study is that four out of the 15 included
studies [9, 36, 39, 42]; the students involved had previous US
exposure on the subject evaluated by the study. Of these only
one appraised the effectiveness of US on physical examination
skills of students with a practical assessment before the inter-
vention. An additional limitation is that, except for the study
by Legget et al. [37], the students practiced and improved their
physical examination skills on normal anatomy; further stud-
ies are needed to assess this evidence also on pathological
scenarios.

Our review conformed to the PRISMA guidelines, and all
studies included were assessed for their quality and risk of
bias; moreover, to our knowledge, this is the first systematic
review focused exclusively on this particular topic with the
highest number of studies evaluated.

Conclusions and Significance of this Work

Although the real and full value of US teaching during med-
ical school still needs clarification, great benefits emerge from
an increasing number of literature studies on various utilities
that US can have for medical education. We noticed that US
training could be useful to improve medical students’ physical
examination skills, confidence, and competence. Big deci-
sions like that of integrating US in the medical students’ cur-
riculum need to be supported by a large volume of substantial
evidence, and this review wants to shine a light on a little piece
of this bigger picture. Supplementary studies are needed to
clarify the unsettled points that emerged within our review
and to determine the combination of teaching strategies that
optimizes learning.
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