
Review Medical Ultrasonography
2012, Vol. 14, no. 3, 211-216

Abstract
Medical education and the process of teaching and learning, respectively, are constantly changing. This is induced by the 

pace at which knowledge, teaching methodology and its related tools are updated, the use of simulation, virtual depiction and 
the use of static and/or dynamic images. In this respect, X-ray images have been used in the understanding of macroanatomy 
ever since the beginning of the last century. Starting with the 1990s, when high-performing and relatively less costly equip-
ment started to emerge, several experts in the field of education anticipated the huge resource that ultrasound could become 
in the field of medicine. The method is easy to understand, intuitive and available to anyone studying human anatomy and, 
subsequently, the major pathological issues during undergraduate medical studies. The present paper  reviews the attempts 
made at using ultrasound as an educational support tool, from the first experiences in teaching anatomy (Hannover Medical 
School, 1996) until the recent development of an entire medical university curriculum integrating ultrasound (University of 
South Carolina, School of Medicine, 2006-2011). It is an exciting journey proving beyond any doubt that the method should 
be learned, understood and developed in medical schools from the undergraduate stage, together with the other clinical skills.
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Introduction

Teaching and learning methodology are undergoing 
major changes related mainly to the way information 
is transmitted, stored, processed and used. Both educa-
tors and students are increasingly using visual systems, 
tridimensional images, simulation, schematic patterns 
and downloading often useless details, all of them based 
on computer processing. In medicine we witness deep 
changes, as the progress in molecular biology, genetics 
or immunology have opened the door to the understand-
ing of previously impenetrable phenomena.

Among these changes, the recent advances in medi-
cal imaging have led to a new approach of many dis-
eases, uncovering facts and data that could previously 
be known only by postmortem examination. On the 
other hand, in everyday practice, diagnosis is based on 
the same elements – patient history, physical examina-
tion, clinical reasoning, followed by investigations that 
are subsequently integrated into the clinical data; and for 
the physical examination we still use the same old instru-
ments – the stethoscope, the ophthalmoscope and oto-
scope – part of the traditional physician’s black bag [1].

To all this, add the accelerated rhythm of the new 
information inflow in biomedical sciences, and the fact 
that all the “actors” (patients, health carers, and, not least, 
medical students) have increasing expectations, which 
prompt for major changes in the education of future phy-
sicians and medical specialists. This represents a real 
challenge for medical schools, as it requires changes in 
concept, structure and functions that must rapidly gener-
ate [2]:

• a new curriculum structure
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also that the time allocated is not sufficient [3]. At the 
same time, dissection itself may be performed differently, 
i.e. by using sectional images for a better understanding 
of topographical anatomy [4]. Nowadays we may there-
fore speak of a true virtual dissection, without a body!

And this is where ultrasonography intervenes. As 
compared to purely virtual dissection, the ultrasound 
technique allows the effective visualisation of most large 
anatomical structures, we may handle the transducer the 
way we handle the scalpel and the anatomical forceps. 
It’s as if using a magic scalpel, perfectly adapted to learn-
ing, and, above all, usable on a live body!

From this perspective, at least for the beginning of 
medical studies, the use of US by the student may be 
regarded as a method of “virtual dissection”, or, by a 
term already coined, as “living anatomy” [5]. Several pi-
lot studies conducted in the last 15 years, some of them 
already entered in the current practice of the medical 
schools that promoted them, offer many arguments in 
favour of US as a valuable tool in the “live” study of 
anatomy.

The first attempts – revolutionary at the time – took 
place at the Faculty of Medicine of Hanover, with the 
first results published in 1996 [6]. Until that date the 
method had been used only sporadically, by cardiologists 
(echocardiography) and residency programmes [7].

In fact the inclusion of US in the study of anatomy 
in this medical school was a long process in time [5], 
whose promoters coined the term “living anatomy”. At 
the time the term referred to the integration of anatomical 
data (dissection) with those provided by radiology and 
the patients clinical data, from the perspective of clini-
cal training. On this basis, ultrasonographic anatomy was 
gradually introduced into the curriculum of basic sci-
ences [6]. Thus, first year students examined one another 
by ultrasound, in parallel with the study of the main or-
gans and blood vessels of the abdomen. The results of the 
study were published in 1996 and they are very relevant: 
almost half of the students agreed that US helped them 
understand the topography of the abdomen and… they 
requested more US devices!

The same family of innovative methods also includes 
the study carried out in the Faculty of Medicine of Vi-
enna in 2003 [8]. As the students were complaining that 
anatomy classes had no relation with practical real life, 
an experimental teaching module of the anatomy of the 
abdomen and pelvic organs was introduced, which in-
cluded the simultaneous US visualisation of the same ar-
eas (1st – 6thyears students). The results were spectacular: 
93% of the students considered the course very impor-
tant for their training, while 96% wanted similar courses, 
which made the faculty promote them further.

• a new philosophy in which the traditional separa-
tion between basic and clinical sciences should be 
wiped out

• constant remodelling / adaptation of teaching 
methodology, from curriculum and syllabi to the 
tools used as support in the education process

• new teaching and learning ways and techniques
• new and innovative teaching support techniques,

in a word – a new school of medicine. All the innova-
tive changes that have been and will be imagined for the 
medical schools have a common goal – to achieve ef-
ficient and flexible medical education, perfectly adapted 
to current and future conditions, with the final result of 
forming doctors capable of the best service to their pa-
tients and communities.

A high number of studies and experiments have taken 
place in recent years, which document the increasing in-
terest in using ultrasonography (US) as a support tool for 
teaching both at postgraduate (residents) and undergrad-
uate levels. Starting from this premise, we considered it 
useful to review the experience of some medical schools, 
from the simple use of equipment visualising the insides 
of the body to the actual integration into the curriculum 
of ultrasonography as a working teaching method.

The discussion is ampler than a mere analysis of ar-
guments for and against the introduction of US into med-
ical education for undergraduate students. It touches on 
current aspects of curriculum structure and achievement 
of educational purposes. For a systematic approach, we 
proposed to present the cases related to US use in several 
domains: initial and continuing study of gross anatomy, 
study of the anatomy and function of abdominal organs, 
cardiovascular and musculoskeletal systems, teaching 
basic elements of physical examination and, finally, ma-
jor abdominal and cardiovascular emergencies. And not 
least, we shall refer to the impact that US already has 
on some teaching concepts that have led to the reconsid-
eration of curricula and syllabi in medical schools in the 
United States.

Ultrasound and gross anatomy

The old debate regarding the methods of studying 
anatomy, including the maintenance of cadaver dissec-
tion as a current method, is still going on. Plastination, 
computer and virtual models along with simulation have 
caused a lot of changes. However, recent studies have 
evidenced that the introduction of the new multimedia, 
interactive techniques have not limited the students fa-
vourable perception of the importance of dissection [3]. 
In other words, the students want to dissect, they feel dis-
section is useful for the understanding of anatomy and 
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In the years that followed such experiences multi-
plied.  Thus, in 2005 a group from McMaster University 
[9] introduced US in the study of anatomy and found a 
clear improvement of the students’ results and satisfac-
tion. The experiment was viewed as a method of learning 
functional “live” anatomy, as certain anatomical struc-
tures – heart, vessels, bowels – move! The students great-
ly appreciated this method, considering it useful for both 
enhancing their clinical reasoning abilities and “exciting 
and engaging”.

With the same idea of “living anatomy” in mind, an 
Australian group [10] introduced a teaching module of 
dynamic cardiac anatomy in which they used real time 
2D echocardiography, the images being projected “live” 
through an AV system. The images were analysed and 
discussed “face to face”. The undergraduate students 
from 3 schools – medicine, dentistry and science (bio-
medicine) – considered the method as innovative and 
useful as it offered “live” images and they wanted other 
body areas included in the teaching curriculum. Less en-
thusiastic were the conclusions of a study comparing the 
results of heart anatomy teaching on cadavers with ultra-
sound teaching [11]. In fact, the final conclusion is that 
both methods are equally efficient and that the future is 
held by their joint value.

A recent study included three focused ultrasound 
didactic sessions integrated into a Gross Anatomy cur-
riculum [12]; 96% of the first year medical students ap-
preciated that ultrasound-based teaching increased their 
knowledge of anatomy and would allow them to perform 
invasive procedures, the ultrasound integration into the 
curriculum being most welcome. The authors considered 
that the study provided important arguments in favour of 
US integration into the curriculum of medical schools.

Ultrasound and basic clinical skills

The skills and abilities acquired through the study of 
anatomy and physiology, including the use of imaging 
techniques such as US, are indispensable for the learning 
of the clinical examination. The relationship between the 
stark anatomical or even physiological elements may be 
naturally established by US, as proven by several studies 
investigating this aspect.

Thus, learning the clinical examination of the abdo-
men is generally perceived as difficult by the students. 
The association of the visualization of abdominal organs 
by US, even with a minimal training, improves the tech-
nique of physical examination after the students have ac-
quired skills with basic examination manoeuvres” [13].

The idea that an introductory course in ultrasonogra-
phy may help the students understand and learn correctly 

the basic skills of physical examination becomes more 
and more obvious. In this respect, recent studies have 
suggested that portable US devices should be mandatory 
in the equipment used by general practitioners, internists, 
geriatric specialists or emergency units [1,14-16]. The 
benefits for the patient are above question, regarding the 
diagnostic accuracy and speed at the patient’s bedside. 
This leads to the rational conclusion that minimal train-
ing in ultrasonography should be included at the under-
graduate level of education, subsequently to be devel-
oped during specialized courses and/or residency.

Ultrasound and cardiology / cardiac semiology 
education

Many studies regarding the use of US as a didactic 
tool focused on the heart and vessels, especially due 
to the advent of hand-carried ultrasound devices. This 
makes the technique to be considered as a natural exten-
sion of the physical examination by stethoscope, which 
helps develop clinical reasoning skills [17].

Cardiologists were actually the first to perceive the 
exceptional availability of echo(cardio)graphy as the 
ideal instrument to complete the physical examination 
[18]. For the patient with cardiovascular disease the best 
approach at the first examination would be to combine 
the clinical examination with modern technology [19]. 
Moreover, starting from the same advantages of mini-
ature portables devices providing excellent images, it 
is stated that “it is conceivable that the hand-carried 
echocardiographic devices will be used in medical 
school curriculum to enhance medical student education 
in the future” [19].

The same group [20] tested the use of handheld de-
vices by 4th year medical students and clearly demon-
strated that this is possible and even leads to increased 
bedside diagnosis accuracy. On the other hand, this study 
together with another one including internal medicine 
residents certified that young trainees learned very fast 
the simple echocardiography elements [21], which is an-
other argument in favour of the method.

Even further, a study comparing diagnostic accuracy 
using hand-carried units (HCU) by undergraduate stu-
dents with that of cardiologists using standard diagnostic 
methods (auscultation) showed that students identified 
correctly 78% of the true pathological elements, while 
cardiologists only identified 49%. Overall, “the diagnos-
tic accuracy of medical students using an HCU device 
after brief echocardiographic training to detect valvular 
disease, left ventricular dysfunction, enlargement, and 
hypertrophy was superior to that of experienced cardiol-
ogists performing cardiac  physical examinations” [22].
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Ultrasound and teaching the musculoskeletal 
system

It is well known that a large proportion of rheuma-
tologists nowadays use the US technique (MUS) for the 
noninvasive diagnosis of musculoskeletal disease and for 
US guiding of therapeutic procedures. This has led to the 
preoccupation for the specialized training of residents, 
because “training in MUS must be an integral part of the 
curriculum for rheumatology” [23]. 

The same group that published data on the introduc-
tion of US in the study of live anatomy of the abdomen 
and blood vessels in 2005, also introduced US in the 
study of musculoskeletal anatomy [24]. The conclusion 
was that the introduction of hands-on sessions facilitated 
the learning of musculoskeletal anatomy elements and 
helped the students acquire the skills of the clinical ex-
amination of this system.

Tackling the problem of students in later years that 
study rheumatology, another study concluded that US 
contributed to a higher quality of their education and 
was associated with an extremely positive feedback, the 
method being ideal for supporting education in rheuma-
tology [25].

Ultrasound and emergency medicine

One of the current approaches of using US in medi-
cal education started from the exceptional value of the 
technique in emergency conditions. This led to the de-
velopment of a concept – to offer medical students from 
the very first years a learning tool that “extends” clinical 
examination [26].

Simple techniques such as FAST are easy to under-
stand and learn by the students, who like this approach. 
All the lessons learnt from emergency medicine plead 
for the necessity to reconsider the curricula of medical 
schools and must be taken into account by all those re-
sponsible for undergraduate curriculum design. A recent 
British study clearly affirms: “Medical schools need to 
consider the formal introduction of ultrasound teaching 
in their curricula to equip future doctors with relevant 
skill sets” [27].

The same conclusions were reached by another study 
initiated by an emergency service, which demonstrated 
that undergraduate students may be easily trained to rec-
ognize and examine the abdominal aorta. Starting from 
this finding the authors remark: “It is time for the medi-
cal education community to address whether focused ul-
trasound training should accompany traditional clinical 
skills, such as using a stethoscope, in UK medical school 
curricula” [28].

 How fast can basic ultrasonography skills be 
acquired?

A common aspect of all the studies investigating the 
utility of introducing US as a support tool for medical 
education is the evidence of a rapid learning curve of the 
basic technique. US images may be quickly understood, 
even with minimal theoretical elements offered to the 
students [29,30].

Students accept the method enthusiastically, the great 
majority wanting to continue using it and perfect their 
skills in handling the equipment, being able to increase 
their proficiency in acquiring quality images [31]. It is ob-
vious that students are aware of the fact that this method 
will help them in the future, even if further assessments 
are still necessary and US has not been incorporated into 
the curriculum of all the specialties [32].

Ultrasonography makes its way into the curricu-
lum of medical schools

As already mentioned, the progress made in using 
US as a didactic support tool in the beginning of medical 
training and its rational integration of this initial training 
with the clinical one created new concepts. The consoli-
dation of these concepts along with the innovative spirit 
of educators has made a number of medical schools de-
velop new curricula that integrate US in all the years of 
study, using its exceptional qualities for the training of 
medical undergraduates.

Thus, in 2008 the first description of such a pilot 
curriculum was published [33] by the Faculty of Medi-
cine of Wayne State University, Detroit, Michigan. The 
decision was justified by the fact that the residency 
training programs had adopted US training, and there-
fore medical schools had to take into consideration the 
integration of US in their own curricula. US integra-
tion was both in basic sciences and clinical sciences, 
being achieved through 6 organ – modules: Introduction 
to Ultrasound, Musculoskeletal Ultrasound, Vascular 
and Cardiac Ultrasound, Ultrasound of the Abdomen, 
Genitourinary Ultrasound si Ultrasound and Procedural 
Skills.

Preliminary results were encouraging: 83% of the 
students gave a positive account of their experience, 
and 91% stated that carrying on the US training would 
be beneficial for the next 4 years of medical school. The 
school is optimistic regarding the future and considers 
that the development of precise portable devices will 
change medical practice, from rural to spatial medicine, 
therefore the new generation of doctors should be able to 
make use of the progress.
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Probably the most relevant experience and the most 
consistent results of US integration into a medical school 
curriculum belong to the Medical School of South Caro-
lina University [34]. Here a curriculum integrating US 
was devised, designed and put into practice for the all 4 
years of basic and clinical education. The curriculum has 
a modular structure, and the US modules are integrated 
in every stage of the learning process. Logically, it started 
with the use of US in the gross anatomy study, then in the 
physiology of cardiovascular hemodynamics, at the same 
time with its introduction into clinical medicine, going 
through the physical examination, pathophysiology and 
disease. US is not intended to replace good examination 
skills, but rather help develop these skills. The applica-
tion of the integrated curriculum compelled the school 
to rethink the way medical education takes place as a 
whole, choose to work with smaller groups and precise 
timing, though sufficiently flexible, have constant feed-
back from the students, develop specific teaching mate-
rial, improve the knowledge and skills level training of 
the faculty, develop resources. In the school opinion, the 
innovative component of the curriculum is not useful just 
for a modern student education, but it is also attractive 
for the young, which provides a wider selection basis for 
the school.

Numerous arguments are in favour of the solution 
chosen by this medical school. It is certain that students 
like to work this way and their training will contribute 
to the increase of the health care and safety given to the 
patients. It is also certain that such programs will be de-
veloped by other schools as well.

There are limits to all of this, of course, related to the 
material resources necessary (equipment), and especially 
human resources trained in ultrasonography, which are 
far from available in all schools of medicine [35].

However, we must quote the authors who imposed a 
new concept in the medical schools: “Medical education 
in the next decade will likely undergo a true paradigm 
shift based on the application of ultrasound technology. 
This shift will fundamentally change how medicine is 
taught and practice” [34].

As physicians and educators, we are on the threshold 
of a new phase in time. We have discovered a method 
that has been at hand for a long time, but which has been 
made readily available and widely usable due to techni-
cal progress. Nowadays we have a complex magic steth-
oscope that we should cherish in order to re-learn what 
we learnt ourselves a long time ago, to teach the young 
ones medicine that is useful and dedicated to our patients.

In this spirit, below are listed 10 reasons why ultra-
sonography should be always the choice as an ideal sup-
port tool in medical education.

10 reasons for introducing ultrasonography as a 
method into the medical education curriculum

 1. Easy to explain – for the understanding of physi-
cal principles 

 2. Easy to understand regarding the basic clinical 
signs of disease

 3. No difficulty  for the student to learn or achieve 
significant images (rapid learning curve)

 4. Allows the natural connection between “what 
you look for and what you see”

 5. Provides live anatomy (moving), therefore it 
stimulates thinking as every movement of the transducer 
means another section/relation between the structures 
visualized

 6. Non-traumatic – non-invasive, reproducible, re-
peatable

 7. Relatively inexpensive, increasingly accessible!
 8. Becoming extremely portable! High quality im-

ages may be obtained nowadays with small devices!
 9. User friendly, creates a feeling of actual partic-

ipation in the diagnostic process and coming closer to 
clinical medicine (for the students in the first years)

10. Raises enthusiasm, fascinates, and is a lot of fun!

Conflict of interest: none

References

 1. Afonso N, Amponsah D, Yang J et al. Adding new tools to 
the black bag – introduction of ultrasound into the physical 
diagnosis course. J Gen Intern Med 2010; 25: 1248-1252. 

 2. Tosteson DC. New pathways in general medical education. 
N Engl J Med 1990; 322: 234-238.

 3. Azer SA, Eizenberg N. Do we need dissection in an inte-
grated problem-based learning medical course? Perceptions 
of first- and second-year students. Surg Radiol Anat 2007; 
29: 173-180.

 4. Ganske I, Su T, Loukas M, Shaffer K. Teaching methods 
in anatomy courses in North American medical schools the 
role of radiology.  Acad Radiol 2006; 13: 1038-1046.

 5. Pabst R, Westermann J, Lippert H. Integration of clinical 
problems in teaching gross anatomy: living anatomy, X-ray 
anatomy, patient presentations and films depicing clinical 
problems. Anat Rec 1986; 215: 92-94.

 6. Teichgräber UK, Meyer JM, Poulsen Nautrup C, von Rau-
tenfeld DB. Ultrasound anatomy: a practical teaching sys-
tem in human gross anatomy. Med Edu. 1996l; 30:296-298.

 7. Filly R A. Radiology residency training in diagnostic 
sonography. J  Ultrasound  Med 1989; 8: 475.

 8. Wicke W, Brugger PC, Firbas W. Teaching ultrasound of 
the abdomen and the pelvic organs in the medicine curricu-
lum in Vienna. Med Edu 2003; 37: 476.



216 Petru-Adrian Mircea et al Using ultrasonography as a teaching support tool in undergraduate medical education 

 9. Tshibwabwa ET, Groves HM. Integration of ultrasound in 
the education programme in anatomy. Med Edu 2005; 39: 
1148.

10. Ivanusic J, Cowie B, Barrington M.. Undergraduate student 
perceptions of the use of ultrasonography in the study of 
“living anatomy”. Anat Sci Educ 2010; 3 :318–322.

11. Griksaitis MJ, Sawdon MA, Finn GM. Ultrasound and 
cadaveric prosections as methods for teaching cardiac 
anatomy: a comparative study. Anat Sci Educ 2012; 51: 
20-26.

12. Brown B, Adhikari S, Marx J, Lander L, Todd GL. Introduc-
tion of ultrasound into gross anatomy curriculum: percep-
tion of medical students. J Emerg Med 2012 doi:10.1016/j.
jemermed.2012.01.041.

13. Butter J, Grant TH, Egan M, et al.  Does ultrasound training 
boost Year 1 medical student competence and confidence 
when learning abdominal examination? Med Educ 2007; 
41: 843-848. 

14. Alpert JS, Mladenovic J, Hellmann DB. Should a hand-
carried ultrasound machine become standard equipment for 
every internist? Am J Med 2009; 122: 1-3.

15. Medd D. Bedside Ultrasound: Part of the Physical Exami-
nation (letter). Amer J Med 2010;  123(5): e11

16. Leone AF, Schumacher SM, Krotish DE, Eleazer GP. Geri-
atricians’ interest to learn bedside portable ultrasound (GE-
BUS) for application in the clinical practice and in educa-
tion. J Am Med Dir Assoc 2012; 13: 308.e7-10. 

17. Wittich CM, Montgomery SC, Neben MA, et al. Teach-
ing cardiovascular anatomy to medical students by using 
a handheld ultrasound device. JAMA 2002; 288: 1062–
1063.

18. Bryan CS. Tomorrow’s stethoscope: the hand-held ultra-
sound device? J S C Med Assoc 2006; 102:345.

19. DeCara JM, Lang RM, Spencer KT. The Hand-Carried 
Echocardiographic Device as Aid to the Physical Examina-
tion. Echocardiography 2003; 20: 477-485.

20. DeCara JM, Kirkpatrick JN, Spencer KT et al. Use of 
hand-carried ultrasopund devices to augment the accuracy 
of medical student bedside cardiac diagnosis. Am J Soc 
Echocardiogr 2005; 18: 257-263.

21. Hellmann DB, Whiting-O’Keefe Q, Shapiro EP, Martin 
LD, Martire C, Ziegelstein RC. The rate at which residents 
learn to use hand-held echocardiography at the bedside. Am 
J Med 2005; 118: 1010-1018.

22. Kobal SL, Trento L, Baharami S, et al. Comparison of 
effectiveness of hand-carried ultrasound to bedside car-

diovascular physical examination. Am J Cardiol 2005; 96: 
1002-1006.

23. Estrach C, Thompson RN. Why aren’t we all doing ultra-
sound? Rheumatology (Oxford). 2009; 48: 1019-1020. 

24. Tshibwabwa ET, Groves HM, Levine MA. Teaching mus-
culoskeletal ultrasound in the undergraduate medical cur-
riculum. Med Educ 2007; 41: 517-518.

25. Wright SA, Bell AL. Enhancement of undergraduate rheu-
matology teaching through the use of musculoskeletal ul-
trasound. Rheumatology 2008; 47: 1564–1566.

26. Cook T, Hunt P, Hoppman R. Emergency medicine leads 
the way for training medical students in clinician-based ul-
trasound: a radical paradigm shift in patient imaging. Acad 
Emerg Med 2007; 14: 558-561.

27. Gogalniceanu P, Sheena Y, Kashef E, Purkayastha S, Darzi 
A, Paraskeva P. Is basic emergency ultrasound training fea-
sible as part of standard undergraduate medical education? 
J Surg Educ 2010; 67: 152-156.

28. Wong I, Jayatilleke T, Kendall R, Atkinson P. Feasibility of 
a focused ultrasound training programme for medical un-
dergraduate students. Clin Teach 2011; 8: 3-7.

29. Arger PH, Schultz SM, Seghal CM, Cary TW, Aronchick J. 
Teaching Medical Students Diagnostic Sonography. J Ul-
trasound Med 2005; 24: 1365-1369.

30. Angtuaco TL, Hopkins RH, DuBose TJ, Bursac Z, Ang-
tuaco MJ, Ferris EJ. Sonographic physical diagnosis 101: 
teaching senior medical students basic ultrasound scanning 
skills using a compact ultrasound system. Ultrasound Q 
2007; 23: 157-160.

31. Fernandez-Frackelton M, Peterson M, Lewis RJ, Perez JE, 
Coates WC. A bedside ultrasound curriculum for medical 
students: prospective evaluation of skill acquisition. Teach 
Learn Med 2007; 19: 14-19.

32. Kessler C, Bhandarkar S. Ultrasound training for medical 
students and internal medicine residents—a needs assess-
ment. Clin Ultrasound 2010; 38: 401–408.

33. Rao S, van Holsbeeck L, Musial JL et al. A pilot study of 
comprehensive ultrasound education at the Wayne State 
University School of medicine. A Pioneer Year Review. J 
Ultrasound Med 2008; 27: 745-749.

34. Hoppmann RA, Rao VV, Poston MB et al. An integrated 
ultrasound curriculum (iUSC) for medical students: 4-year 
experience. Crit Ultrasound J 2011; 3: 1-12.

35. Hoppmann R, Blaivas M,  Elbarbary B.  Better medical 
education and health care through point-of-care ultrasound.  
Academic Medicine 2012; 87: 134.


