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ABSTRACT 
 
The use of ultrasound in the teaching of morphology is already implemented in the 
image specialty but it is still little explored within the medical degree. 
Ultrasonography is capable of adding dissection in vivo in the teaching of anatomy 
in addition to initiating early contact between undergraduate students and 
ultrasound, which is an increasingly important tool in clinical practice. Despite 
being the target of debates in Medical Congresses of expression, there is still a lack 
of literature, a study that demonstrates the feasibility of incorporating the 
ultrasound method as a tool for Teaching Morphology in undergraduate studies to 
evaluate the effectiveness of the application of the ultrasound method in the 
teaching of morphology in the graduate course in medicine at the Israelite faculty 
of health sciences Albert Einstein. Prospective study evaluated students in the first 
semester of medical school at Faculdade Israelita Albert Einstein regarding their 
ability to identify anatomical structures using high-resolution dynamic ultrasound, 
using normal voluntary models. The structures were presented in two workshops 
divided by subject, upper and lower limbs and then an individual practical test 
was applied to assess the students' success rate in correctly identifying the 
structures in the first attempt. The same methodology was applied to a control 
group, consisting of first-year resident physicians at the Image Department of 
Hospital Israelita Albert Einstein (HIAE). Chi-square or Fisher's exact tests were 
used depending on the observed distribution. In the first workshop of the 6 
structures evaluated, only 1 (extensor compartment) obtained a statistically 
significant difference in correct answers in the first attempt in relation to the 
control group (p 0.005). In the second workshop of the 6 structures, only 1 
(sartorius muscle) obtained a statistically significant difference in relation to the 
control group (p <0.001). First-year medical students obtained results very similar 
to those of first-year radiology residents in identifying anatomical structures with 
the aid of ultrasound. 
 
Key words: Ultrasonography in teaching; medical graduation; medical teaching; 
ultrasound; FICSAE; Israeli Faculty of Science and Health Albert Einstein. 

 
 
INTRODUCTION 
 
Over the past few decades, ultrasound has been 
increasingly integrated into medical degrees at 
international universities. This is due to the advancement 
of technologies, the improvement of teaching methods and 
the increasing importance of ultrasound in daily medical 

practice. Several colleges have reported their experiences 
with integrated education with ultrasound to facilitate 
teaching physical examination (Nelson et al., 2017; Afonso 
et al., 2010), anatomy (Jamniczky et al., 2017; Brackney et 
al.,  2016)   and   skills  in  guided  procedures.  In  addition,  
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studies suggest that students in the first years of graduation 
are already able to achieve sufficient proficiency in 
ultrasound techniques, so that this early contact can 
maximize the ability of these students to the point of 
reducing future diagnostic errors (Fox et al., 2014). Despite 
these positive results described, the implementation of this 
new tool is dependent on resources and infrastructure such 
as: financial investment for the acquisition of devices for 
practice, available human models and professionals with 
expertise in the area (Fakoya et al., 2016). Another barrier 
to be considered is the need to adapt this new method to fit 
in the context of a long-term course that has a very 
overloaded curriculum. The incorporation of this teaching 
still faces an additional challenge, which is the lack of proof 
of educational benefits, which have not yet been 
demonstrated consistently. Given so many challenges, it is 
not surprising that despite the positive reports already 
described and the consensus among several educators 
about the value and importance of the presence of 
ultrasound within graduation (Bahner et al., 2014; 
Steinmetz et al., 2016; Royer, 2016), the adoption of this 
teaching method is still uneven around the world. In this 
sense, the need for more concrete evidence to support the 
adoption and dissemination of this method is evident, in 
addition to the creation of a standardization of the training 
program within medical universities (Kondrashova and  
Kondrashov, 2018). 
 
 
METHODS 
 
This study was a prospective observational study, in which 
students from the first semester of the Medical Graduation 
in the Medical Graduation course at the Israeli Faculty of 
Health Sciences Albert Einstein (FICSAE) were tested for 
their ability to identify the following anatomical structures 
by dynamic ultrasound high resolution, using anatomically 
normal voluntary models. The Workshops were separated 
by subject: Upper and lower limbs. After these, the students 
were submitted to an individual practical test in which he 
should be able to correctly identify the 6 structures 
requested: 
 
Upper limb: supraspinatus tendon, bicipital tendon, 
insertion of the extensor tendons in the lateral epicondyle, 
insertion of the flexor tendons in the medial epicondyle, 
radial artery and compartment of the extensors 
 
Lower limb: distal femoral quadriceps tendon, sartorius 
muscle, medial femoral condyle, patellar tendon, medial 
tibial malleolus and posterior tibial artery 
 
The results were subdivided into: hit on the 1st, 2nd, 3rd, 
4th, 5th attempt and failed. The place where the student 
placed the transducer was considered as an attempt and 
moving it to another adjacent anatomical structure was 

considered a new attempt, even if the transducer was not 
removed from the model's skin contact. The evaluators 
were radiologists or anatomists professors at FICSAE. The 
same methodology was applied to a control group, 
consisting of first-year resident physicians at the Image 
Department of Hospital Israelita Albert Einstein (HIAE). 
Data were described by means of absolute and relative 
frequencies for categorical variables and by means and 
standard deviations (SD), minimum and maximum values, 
medians and quartiles for numerical variables. The 
distributions of continuous variables were investigated 
using boxplots and histograms (Altman, 1991). Models of 
generalized estimation equation (Faraway, 2006) with 
Gamma distribution and logarithmic link function were 
adjusted, considering the dependence between the different 
assessments performed in the same class of students, to 
estimate the percentages of success per attempt and to 
investigate associations of the percentage of correct 
answers in the first attempt with the structures. The results 
of the models were presented by mean values and 95% 
confidence intervals estimated by the models. The p-values 
of the multiple comparisons between the structures were 
corrected by the sequential Bonferroni method. We 
investigated associations between success on the first 
attempt and study group (students or residents) using Chi-
square or Fisher's exact tests depending on the observed 
distribution. The analyses were performed with the SPSS 
13 program, considering a 5% significance level. 
 
 
RESULTS 
 
We observed evaluations of correct percentages in five 
attempts to identify the structures carried out by five 
classes of undergraduate medical students. The structures 
were presented in two workshops divided by subject, upper 
and lower limbs. In the first attempt, we observed an 
average hit of 81.9% (standard deviation 14.6%), varying 
between 41.3% and 100% and accumulated five attempts 
the percentage of average hit increased to 98.3% (standard 
deviation 3.3 %), varying between 87.0% and 100.0%. In 
Table 1 we have the descriptive measures for the 
percentage of correct answers per attempt and in Table 2 
the estimated averages of percentage of correct answers 
per attempt are presented considering the repetition of the 
evaluations per class. The first workshop was held in five 
classes (T3, T4, T5, T6 and T7) totaling 225 students, 
addressing the structures of the upper limb: tendon of the 
long head of the biceps, tendon of the supraspinatus, 
common insertion of the flexors (wrist and fingers) , 
common insertion of the extensors (wrists and fingers), 
radial artery and compartment of the extensors. The 
students and 21 residents were assessed for the 
identification of these structures and the results observed 
in the first attempt are described in Table 3. There is no 
evidence  of  an  association  between  the  study  group and  
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Table 1: Percentage of correct answers in the identification of anatomical structures by high resolution 
dynamic ultrasound by students of the Undergraduate Medical Course (FICSAE). 

 

Number of retries Mean SD Mínimo Q1 Median Q3 Maximum 

One 81,9 14,6 41,3 74,0 84,8 93,8 100,0 

Two 95,3 6,5 70,6 93,5 97,9 100,0 100,0 

Three 97,4 4,2 80,4 95,0 100,0 100,0 100,0 

Four 98,1 3,4 84,8 97,5 100,0 100,0 100,0 

Five 98,3 3,3 87,0 97,8 100,0 100,0 100,0 
 

SD: standard deviation; Q1: first quartile; Q3: third quartile 

 
 
 

Table 2: Means and confidence intervals for the percentage of correct answers in the 
identification of anatomical structures by high-resolution dynamic ultrasound by 
students of the Undergraduate Medical Course (FICSAE). 

 

Number of retries Estimated averages 95% Confidence Interval 

  Inferior limit Upper limit 

One 81,8 77,5 86,3 

Two 95,6 92,3 99,0 

Three 97,8 95,6 100,0 

Four 98,3 96,7 100,0 

Five 98,5 97,0 100,0 

 
 
 

Table 3: Results in the first attempt to identify the anatomical structures of the upper limb by high-resolution 
dynamic ultrasound by undergraduate medical students (FICSAE) and resident physicians at the HIAE Image 
Department. 

 

Anatomical structures of the upper limb Group p-value 

 Students (n=225) Resident (n=31)  

Biceps long head tendon   0,974 QQ 

Unidentified on first attempt 43 (19,1%) 6 (19,4%)  
Identified on the first attempt 182 (80,9%) 25 (80,6%)  
     
Supraspinatus tendon   0,892 QQ 
Unidentified on first attempt 68 (30,2%) 9 (29,0%)  
Identified on the first attempt 157 (69,8%) 22 (71,0%)  
     
Common flexor insertion (wrist and fingers)   0,086 QQ 
Unidentified on first attempt 70 (31,1%) 5 (16,1%)  
Identified on the first attempt 155 (68,9%) 26 (83,9%)  
     
Common insertion of the extensors (wrists 
and fingers) 

  0,660 QQ 

Unidentified on first attempt 71 (31,6%) 11 (35,5%)  
Identified on the first attempt 154 (68,4%) 20 (64,5%)  
     
Radial artery   0,088 EF 
Unidentified on first attempt 23 (10,2%) 0 (0,0%)  
Identified on the first attempt 202 (89,8%) 31 (100,0%)  
     
Extender compartment   0,005 QQ 
Unidentified on first attempt 59 (26,2%) 1 (3,2%)  
Identified on the first attempt 166 (73,8%) 30 (96,8%)  

 

CQ: Chi-square test; EF: Fisher's exact test 
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Table 4: Results in the first attempt to identify the anatomical structures of the lower limb by high-
resolution dynamic ultrasound by students of the Undergraduate Medical Course (FICSAE) and 
resident doctors of the HIAE Image Department. 

 

Anatomical structures of the lower limb Groups p-value 

 Students 
(n=138) 

Residents 
(n=21) 

 

Femoral tendon of the femoral quadriceps 
(distal) 

  0,401 EF 

Unidentified on first attempt 11 (8,0%) 3 (14,3%)  

Identified on the first attempt 127 (92,0%) 18 (85,7%)  

     

Sartorius muscle   <0,001 QQ 

Unidentified on first attempt 31 (22,5%) 12 (57,1%)  

Identified on the first attempt 107 (77,5%) 9 (42,9%)  

     

Patellar tendon   >0,999 EF 

Unidentified on first attempt 8 (5,8%) 1 (4,8%)  

Identified on the first attempt 130 (94,2%) 20 (95,2%)  

     

Medial femoral condyle   0,163 EF 

Unidentified on first attempt 8 (5,8%) 3 (14,3%)  

Identified on the first attempt 130 (94,2%) 18 (85,7%)  

     

Medial malleolus of the tibia   0,695 EF 

Unidentified on first attempt 14 (10,1%) 1 (4,8%)  

Identified on the first attempt 124 (89,9%) 20 (95,2%)  

     

Posterior tibial artery   0,203 EF 

Unidentified on first attempt 25 (18,1%) 1 (4,8%)  

Identified on the first attempt 113 (81,9%) 20 (95,2%)  
 

CQ: Chi-square test; EF: Fisher's exact tests 

 
 
identification of the tendon structures of the long head of 
the biceps (p = 0.974), supraspinatus tendon (p = 0.892), 
common insertion of the flexors (p = 0.086), common 
insertion of the extensors (p = 0.660) and radial artery (p = 
0.088). We observed evidence of association of the study 
group with the correct identification of the extensor 
compartment (p = 0.005). The proportion of students with 
correct identification of this structure (73.8%) is lower 
than in the group of students (96.8%). In the group of 
residents, all structures were correctly identified in two 
attempts and in the group of students on average after five 
attempts, 0.8% did not identify the tendon of the long head 
of the biceps, 1.9% were wrong in identifying the tendon of 
the supraspinatus, 2.6% in the common insertion of the 
flexors (wrist and fingers), 1.3% in the common insertion of 
the extensors (wrist and fingers), 1.4% in the radial artery 
and 3.5% in the compartment of the extensors. The second 
workshop was held in four groups (T3, T4, T5 and T7) 
totaling 138 students, addressing the structures of the 
lower limb: femoral tendon of the femoral quadriceps 
(distal), sartorius muscle, patellar tendon, medial femoral 

condyle, medial malleolus of the tibia and posterior tibial 
artery. 

The students and 21 residents were assessed for the 
identification of these structures and the results observed 
in the first attempt are described in Table 4. There is no 
evidence of association between the study group and 
identification of the femoral tendon structures of the 
femoral quadriceps (p = 0.401), patellar tendon (p> 0.999), 
medial femoral condyle (p = 0.163), medial tibial malleolus 
(p = 0.695) and posterior tibial artery (p = 0.203). We 
observed evidence of association of the study group with 
the correct identification of the sartorius muscle (p <0.001). 
The proportion of students with correct identification of 
this structure (77.5%) is higher than in the group of 
residents (42.9%). In the group of residents, all structures 
were correctly identified in two attempts and in the group 
of students after five attempts, all identified the femoral 
tendon of the femoral quadriceps (distal), the sartorius 
muscle and the patellar tendon, on average 2.4% were 
wrong identification of the medial femoral condyle, 2.4% in 
the medial malleolus of the tibia and 2.5% in the posterior  
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Table 5: Estimated average values and 95% confidence intervals for 
the percentage of correct answers in the first attempt to identify the 
anatomical structures of the upper limb by high-resolution dynamic 
ultrasound by students of the Undergraduate Medical Course 
(FICSAE). 

 

Anatomical structures of the upper 
limb 

estimated average 
(IC 95%) 

Biceps long head tendon(E1) 81,2 (74,8; 88,2) 

Supraspinatus tendon(E2) 69,7 (59,2; 82,2) 

Common flexor insertion (E3) 68,9 (57,4; 82,7) 

Common insertion of extenders(E4) 68,3 (58,8; 79,4) 

Radial artery(E5) 89,0 (83,3; 95,2) 

Extender compartment(E6) 73,9 (65,2; 83,8) 

  

Contrasts p-value 

E1 x E2 0,125 

E1 x E3 0,055 

E1 x E4 0,124 

E1 x E5 0,472 

E1 x E6 0,176 

E2 x E3 >0,999 

E2 x E4 >0,999 

E2 x E5 <0,001 

E2 x E6 0,058 

E3 x E4 >0,999 

E3 x E5 0,008 

E3 x E6 0,472 

E4 x E5 <0,001 

E4 x E6 0,125 

E5 x E6 0,002 
 

Values expressed by estimated means (IC 95%) 

 
 

Table 6: Estimated mean values and 95% confidence intervals for the percentage of 
correct answers in the first attempt to identify the anatomical structures of the lower 
limb by high resolution dynamic ultrasound by students of the Undergraduate Medical 
Course (FICSAE) 

 

Anatomical structures of the lower limb Estimated average  (IC 95%) 

Femoral tendon of the femoral quadriceps 
(distal)(E1) 

90,7 (84,7; 97,2) 

Sartorius muscle (E2) 73,5 (59,0; 91,5) 

Patellar tendon (E3) 92,0 (82,8; 100,0) 

Medial femoral condyle (E4) 92,5 (88,7; 96,5) 

Medial malleolus of the tibia (E5) 85,4 (70,8; 100,0) 

Posterior tibial artery (E6) 80,6 (73,5; 88,3) 

  

Contrasts p-value 

E1 x E2 0,045 

E1 x E3 >0,999 

E1 x E4 >0,999 

E1 x E5 >0,999 

E1 x E6 <0,001 

E2 x E3 0,008 
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Table 6: Conts. 

E2 x E4 0,040 

E2 x E5 0,046 

E2 x E6 >0,999 

E3 x E4 >0,999 

E3 x E5 0,446 

E3 x E6 <0,001 

E4 x E5 >0,999 

E4 x E6 <0,001 

E5 x E6 >0,999 
 

Values expressed by estimated means (95% CI) 

 
 
tibial artery. We investigated associations of the percentage 
of correct identification by the students in the first attempt 
with the anatomical structures of the upper limb (Table 5). 
The mean accuracy of the radial artery is greater than the 
mean accuracy of the supraspinatus tendon structures (p 
<0.001), common flexor insertion (p = 0.008), common 
extensor insertion (p <0.001) and extensor compartment (p 
= 0.002). There is no evidence of differences between the 
correct means of the other structures (p> 0.05 in all 
comparisons). In the comparisons between the anatomical 
structures of the lower limbs regarding the percentage of 
correct identification by the students at the first attempt 
(Table 6), we observed that the mean of correctness of the 
sartorius muscle is lower than the mean of correctness of 
the femoral tendon structures of the quadriceps femoris ( p 
= 0.045), patellar tendon (p = 0.008), medial femoral 
condyle (p = 0.040) and medial tibial malleolus (p = 0.046); 
in addition, the mean success rate of the posterior tibial 
artery is lower than the mean success rate of the femoral 
tendon structures of the femoral quadriceps (p <0.001), 
patellar tendon (p <0.001) and medial femoral condyle (p 
<0.001). There is no evidence of differences between the 
correct means of the other structures (p> 0.05 in all 
comparisons). 
 
 
CONCLUSIONS 
 
The findings of this study demonstrate that the 
performance in the identification through the ultrasound 
method of basic anatomical structures of students of the 
first two years of graduation are similar to the performance 
of residents of the first year of radiology. This finding 
suggests a good efficiency of the method in the integrated 
teaching of human anatomy, given that the anatomical 
background and the management of the ultrasound device 
of a resident of radiology in theory is several times greater 
than that of a student in the first years of medical school. 

However, further studies comparing students of the same 
year at universities that do and do not use the imaging 
method are still needed to strengthen the evidence of the 
method's benefit compared to traditional teaching. 
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