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Abstract 

Introduction: The COVID-19 pandemic came with impasses, one of them in the educational area, creating 

numerous barriers. During this period, the access to traditional study methodologies became 

impracticable, causing some difficulties in the comprehension of some subjects for healthcare students. 

Therefore a 3D model was elaborated as a learning facilitator, whose main goal was to help healthcare 

students in the understanding of the voluntary motor movement, addressing the cortico-basal, ganglia-

thalamic and cortico-ponto-cerebellar pathways, since the observation in cadavers is not possible. 

Objective: evaluate the impact of the 3D models in the teaching-learning process and present the 

comparison and the effects of using a biscuit model and the plastinated cadaveric pieces in the multimodal 

teaching of human anatomy. Methods: this study involved 47 students from the Physiotherapy course. A 

prototype was developed using biscuit dough, wood, polystyrene and paint and it illustrated in special 

dimensions the pyramidal tract and the cortico-basal, ganglia-thalamic and cortico-ponto-cerebellar 

pathways. The participants performed identical tests before and after the display of the different 

methodologic resources, 3D model and multimodal, where they were randomly grouped and divided. 

Results: It was verified that in spite of the greater number of correct answers in the post-test form, there 

was not, in fact, a significant statistical difference (p=0,654)  between the participating groups, which 

states the necessity of developing an alternative approach and a more significant sample. A significant 

statistical difference was observed (p<0.001) when comparing the students´ post-test knowledge with 

their pre-test knowledge when both methodologies were used, setting a multimodal approach, which is 

an alternative strategy that promotes a better development in teaching and learning. Conclusion: In our 

study, the teaching  with cadaveric pieces (p=0.010) and the use of the 3D model singly (p=0.006) and 

the multimodal model (p<0.001) obtained similar results statistically. Therefore, the professors must 

choose the teaching methodology based on their aim and not for the intrinsic qualities in each method. 
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1. Introduction

In January 2020 the World Health Organization (WHO) publicly declared a public health

emergency of international importance due to the fast proliferation of the Sars-Cov-2 in some countries. 

Later, on March 11, 2020 the WHO declared the Covid-19 cases as a pandemic because of the global 

dissemination of the virus (1). Therefore, this event brought numerous changes in the population´s habits, 

for example the use of masks and the social distancing, being the most viable alternatives to diminish the 

propagation of the virus (2). Besides, a lot of presential activities, such as educational ones, were 

temporarily suspended, so the educational institutions implemented remote teaching to guarantee the 

continuity of the educational development, accelerating the education´s digitalization process (3).   

Therefore, the practical teaching of neuroanatomy, discipline of great relevance to the health area 

courses, such as medicine, nursing and physiotherapy, was interrupted and the practical classes could 

gradually be resumed only after the decrease in the transmission rates and in the number of deaths 

secondary to COVID-19. Due to this, the learning deficit of practical neuroanatomy is clear during this 

remote teaching period, because of the difficulty to develop methodologies that could facilitate the learning 

of this discipline (4). Thus, it is fundamental that, with the return of the practical activities, the students can 

learn and understand, in fact, the subjects related to this discipline by using traditional methods, such as 

dissecting cadavers, and alternative ones, including 3D printing, virtual reality and 3D atlas (5). 

The cadaveric pieces can be preserved for studying and research with formalin, glycerine or 

plastinated. Plastination is the most modern and lasting method of preservation of anatomic pieces and was 

developed by Dr. Von Hagens through a technique that replaces water and lipids for polymers, such as 

polyester, silicon and epoxy (6). This process is performed in four phases: fixation of the formaldehyde, 

dehydration, impregnation of the used polymer and its hardening (7).  

Although the plastinated pieces are more durable, easy to transport and contribute to the anatomy 

teaching (8), such high complexity technique demands a good laboratory infrastructure for the institutions, 

aside from a high cost when it comes to these pieces´ elaboration and a long period to produce them (4). 

Therefore, the need to utilize other ways besides plastination to study neuroanatomy, such as formalinized, 

glycerin and synthetic ones, is maintained. 

Besides, the plastinated pieces don't highlight all the anatomic structures, mainly when studying 

the voluntary motor movement, performed by identification of the structures related to the stages of the 

movement in cadaveric pieces (9). That said, some students developed a model of the pyramidal and 

extrapyramidal system in 3D format utilizing biscuit dough to facilitate the visualization of structures that 

promote the voluntary motor movement and are imperceptible in cadaveric pieces, such as the corticospinal 

tract (5). 

In this panorama, the confection of a structure made mainly of biscuit dough presents itself as being 

a ludic and alternative way in the process of teaching, besides having low financial cost (5). During the 

long creation process of the anatomical structures with biscuit, the students assimilate the name of the 

related neroanatomical components with greater facility (10). Therefore, confectioning the pyramidal and 

extrapyramidal system´s model was an alternative way to facilitate the understanding of this subject, 
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visualizing the macro and microscopic structures that compose it, diminishing the risks of destroying the 

cadaveric structures and enhancing its longevity (11). 

     Therefore, the confection of anatomical models from biscuit dough, wood, polystyrene and paint, 

molded to become the closest to reality, became an alternative way to visualize structures that are 

imperceptible in cadaveric pieces, although many students still prefer the utilization of the traditional model 

as an anatomy teaching methodology (8). Thus, the present study aims to compare the effects of the 

different approaches in the physiotherapy students´s learning during a neuroanatomy, anatomy and a 

neurofunctional physiology class. For that, the students were divided in three groups in which the first 

group of the students utilized plastinated pieces, the second group used structures made out of biscuit dough 

and  the third group utilized the cadaveric plastinated pieces and the 3D prototype that was created. 

 

2. Methods 

2.1 Model of the cortico-basal ganglia-thalamic and cortico-ponto-cerebellar pathways (3D) 

The understanding of the cortico-basal, ganglia-thalamic and cortico-ponto-cerebellar pathways in 

the anatomical pieces is hard to visualize, taking into consideration that these pathways present themselves 

in the internal morphology of the brain. Therefore, a figure from the book Neuroanatomia Clínica: Livro, 

Texto e Atlas was chosen to illustrate in a didactic way some of these pathways through the extrapyramidal 

system.  

Utilizing materials, such as wood, iron, biscuit, glue, wires and polystyrene, starting from a three-

dimensional modeling based on a two-dimensional figure chosen as reference, the prototype began to be 

produced by the hands of the students involved. 

Each structure of the model had its dimensions chosen so they could be properly proportional when 

united in the final prototype. Some parts of the model were hand-coloured so they could be more similar 

to the cadaveric structures, with the intention to facilitate apprenticeship. The confection time of the 

telencephalon, corticospinal tract, spinal cord, cerebellum, basal nuclei, lower motor neuron and  muscle, 

lasted two weeks and demanded 3 kilograms of biscuit, 148 milliliters of paint, two polystyrene balls, a 

biscuit modeling tool kit, wires, a wood foundation 50x30 and an iron rod of 22 cm. 
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Figure 1. Three-dimensional model of cortico-basal ganglia-thalamic and cortico-ponto-cerebellar 

pathways. 

2.2 Participants 

   The participants were physiotherapy students in the disciplines of human anatomy, neuroanatomy 

and neurofunctional physiotherapy from Centro Universitário Christus. The research was performed during 

the class of each discipline mentioned above, with that, the permission of the teacher responsible for the 

discipline was necessary so the application of the project could begin. The three physiotherapy classes had, 

in total, approximately 65 students, however only 49 students voluntarily accepted to participate and 

answered the pre-test form. Of the 49 participating students that were present during the interventions, 47 

answered the  post-test. 

The students that didn't answer one of the two forms did not have their answers analyzed and 

included in the study. Therefore, the real number of participants is 47. 

2.3 Ethics Committee 

     Firstly, the proposal was approved by the Ethics Committee in Research of Centro Universitário 

Christus under the protocol CAAE  57378822.5.0000.5049. 

    To execute this research the practice preconized in Brazil 2012, through the Resolution 466/12, that 

concerns the research involving human beings, which obeys the ethical principle of autonomy, mainly 

when it comes to consenting and enlightening the research´s participants (Brazil, 2020), was taken into 

consideration. 
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   In correspondence with the resolution cited above, highlighting that, under no circumstances, the name 

of the people involved in this research will be publicized, the participants´ data accepted the Informed 

Consent Form online. 

 

2.4 Study Design 

 An experimental and quantitative study was executed with the intention of comparing the efficiency 

of the structures´ learning and the functions of the cortico-basal, ganglia-thalamic and cortico-ponto-

cerebellar pathways using three different teaching models. The flowchart of the study is presented in figure 

2. 

    The interventions were executed separately in 3 classes of physiotherapy students and in three different 

dates, adding up to 49 participating students; however, only 48 answered the pre-intervention questionnaire. 

After filling the pre-intervention formulary through Google Forms, an exposition-dialogue class was 

performed by the main researchers, about the extrapyramidal system, with a duration of 15 minutes. In the 

exposition-dialogue class, 49 participants were present and those were divided in three groups through 

sortition, which was executed before they answered the pre-intervention questionnaire, assigning 13 

students to group 1 (cadaveric plastinated pieces), 13 students to group 2 (3D model) and 21 students to 

the intervention group 3 (multimodal teaching). 

   After the conclusion of the expositive class from group 1 with one of the main researchers and from 

group 2 with another researcher, both groups returned to the main room where the professor responsible 

for the discipline oriented them to answer the post-intervention questionnaire individually through Google 

Forms, whilst the two main researchers united the teaching methodologies in another room (cadaveric 

plastinated pieces and 3D model) to teach in an exposition-dialogue class for group 3. All the groups had 

approximately 23 minutes to  answer the post-intervention questionnaire. 

 

Figure 2. Flowchart of the study´s design. 
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2.5 Quiz Development 

A total of 20 questions were created on neuroanatomy and pathophysiology related to the cortico-

basal, ganglion-thalamic and cortico-pontine-cerebellar pathways. In order to create the quiz, functional 

bibliographic references were used, such as Functional Neuroanatomy by Angelo Machado and Clinical 

Neuroanatomy: book, text and atlas by Júlio Santos, in addition to scientific articles published in the last 5 

years in databases and journals, such as PubMed, The New England Journal of Medicine, Nature Scientific 

Reports and The Cochrane Library. 

The subjects covered in the quiz were indicated as the most relevant by the neuroanatomy professor, 

including: pyramidal system, extrapyramidal system, internal morphology of the spinal cord, morphology 

of the brainstem and cerebellum, ascending pathways and descending pathways, in addition to questions 

related to the clinical practice and associated with the anatomical knowledge of the aforementioned 

contents. 

The 20 questions produced (table 1) for the elaboration of the questionnaire in Google Forms had an 

instructive and objective character, disposing of five options, of which one alternative was the correct one, 

these questions were used as  pre-intervention and post-intervention containing the same questions, 

available in Portuguese and English. 

2.6 Expository-Dialogue Class 

After the execution of the pre-intervention form, all students participated in the class called “ Voluntary 

Motor Movement!” taught by the principal researchers, in person at the Christus University Center. The 

expository-dialogue class was carried out in such a way that the principal researchers were separated with 

their respective group of students . 

  The class named “Voluntary Motor Movement” had the following learning goals: 

- Demonstrate the neuroanatomy structures related to the voluntary motor movement.

- Functionally describe cortico-basal, ganglion-thalamic and cortico-pontine-cerebellar pathways.

- Understand the pathophysiology of diseases such as Cerebral Vascular Accident (CVA) and Parkinson's.

- These are the possible changes in the pyramidal system and extrapyramidal and the clinic changes.

In essence, after the intervention, the participants had a maximum time of 30 minutes to answer and 

finish with the submission of post-intervention form responses via Google Forms. During the time when 

the students submitted their answers, one of the principal researchers verified and analyzed the data 

received by Google Forms.   
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Table 1.  Google Forms questions. 
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Intervention group 1: plastinated cadaveric pieces 

 It utilized two cadaveric pieces of the brain previously dissected and platinum, in order to facilitate 

the handling and locomotion of the pieces to the rooms outside the anatomy laboratory. The pieces had a 

sagittal cut to facilitate the internal visualization of some structures, such as the medial part of the 

brainstem, diencephalon and the internal part of the pre and post central gyrus. During the class with the 

plastinated pieces, the cortical and subcortical structures were identified, in addition to their functions 

related to voluntary motor movement, such as the cerebellum, basal ganglia, precentral gyrus, postcentral 

gyrus and brainstem. 

In that regard, one of the responsible researchers demonstrated the cadaveric pieces and structures 

and also associated the possible lesions of these structures with the clinical practice, seeking to develop a 

reasoning focused on the posible clinic alterations, always following a pre-established script to address the 

issues relevant to the questionnaire. At the same time group 1 followed up the explanation with the 

cadaveric pieces, group 2 found itself having as an intervention the explanation using another methodology. 

After 15 minutes of intervention, group 1 came back to the place where the professor responsible for 

the discipline was and started to answer the post-intervention questionnaire. 

Intervention group 2: 3D model 

The 3D model was presented to students participating in group 2 and then the researcher in charge 

started the class based on a pre-established script, to address issues related to post-intervention 

questionnaires. During the class the cortico-basal, ganglion-thalamic and cortico-pontine-cerebellar 

pathways could be observed in the 3D model, facilitating the association and the students´  learning 

process of the voluntary motor movement. 

In order to facilitate the visualization of pyramidal and extrapyramidal structures the student could 

assimilate the anatomy structure with it respective function, they were allowed to touch the 3D model 

structures , visualize the inner part, such as the basal ganglia, and develop linear reasoning following each 

step of voluntary motor movement.  

Therefore, the researcher in charge of group 2 demonstrated physically in the 3D model the 

structures that could not be visualized in the cadaveric pieces due to the difficulty or even the impossibility 

of dissection of these structures, the model has exactly the intention of facilitating the teaching of these 

pathways, showing them physically. 

After 15 minutes of intervention, group 2 came back to the place where the professor responsible 

for the subject was and started to answer the post-intervention questionnaire. 

Intervention group 3: multimodal approach 

In this group, two methodologies mentioned above were used, in a way that the participants received 

a multimodal approach: classical teaching with plastinated cadaveric pieces and the use of the 3D model 

with physical identification of the pathways related to voluntary motor movement. 

This group received a 15 minute intervention, as did the others. After the intervention, group 3 came 

back to the place where the professor responsible for the discipline and started to answer the post-

intervention questionnaire, each student in their respective chair using their cell phone or tablet.  
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2.7 Statistical Analysis 

The evaluation analyzes the effect of the type of teaching methodology (group 1, 2 or 3) in relation 

to the scores obtained by the students before and after the evaluative questionnaire were expressed as mean 

± standard deviation. The evaluated data presented a non-parametric distribution. Nonparametric analysis 

for paired data from two categories (eg pre and post) were analyzed using the Wilcoxon test; when the data 

were grouped into three categories, the Kruskal-Wallis unpaired test was used followed by the Dunn's post-

test. All tests were two-sided and considered to be statistically significant if the p value was ≤0.05. SPSS 

v. 25.0 (SPSS, Chicago, Illinois, USA) was used for analysis. 

 

3. Results 

In the first moment, the data related to the students´ sex is presented. Subsequently, the data was 

divided in two sections, one of them analyzed the performance pre and post-test of all the groups and the 

other one analyzed individually the performance of the participants within three different experimental 

groups. 

In relation to sex, it was verified that, in the pre-test, 85,7% were females, while 14,3% were males. 

In the post-test, 81,6% were females and 18,4% were males (Table 2). 

 

 

Quiz (all methodologies)  

  The number of correct answers of the groups participating in the pre-intervention form was observed 

(figure 3). Results showed that there wasn't a meaningful statistical difference (p=0.244) between the 

groups, based on the knowledge level of the students who answered the pre-test form. 
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Figure 3. Comparison of correct answers during the pre-test from all the intervention groups. The 

Wilcoxon test was utilized for statistical analysis. 

  It was verified that, despite the higher number of correct answers in the post-test form (figure 4), 

there wasn't, indeed, a meaningful statistical difference (p=0,654) between the participants groups, 

indicating the necessity to develop an alternative approach and a more significant sample. 

Figure 4. Comparison of correct answers during the post-test from all the intervention groups. The 

Wilcoxon test was utilized for statistical analysis. 
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3.1 Intervention group 1: plastinated cadaveric pieces 

  When individually analyzing group 1, it was observed (figure 5) that, after exposure to the 

methodology with plastinated cadaveric pieces during a class on the cortico-basal, ganglion-thalamic and 

cortico-pontine-cerebellar pathways, there was a significant difference (p=0.010) when compared to 

student's knowledge in the pre-test, that is, the participants managed to assimilate the content with the 

traditional resource used and retained the knowledge. This way, it was found that the use of plastinated 

brains is a valid strategy to promote learning. 

 

Figure 5. Comparison of correct answers during the pre and post-test from the students that had classes 

with the intervention group 1 (cadaveric plastinated pieces). The Wilcoxon test was utilized for statistical 

analysis. 

 

3.2 Intervention group 2: 3D model 

 It was verified (figure 6) that, after applying the 3D model as a teaching methodology for the cortico-

basal, ganglion-thalamic and cortico-pontine-cerebellar pathways, there was a significant difference 

(p=0.006) when compared to the number of correct answers in the post-test with the number of hits in the 

pre-test. Therefore, the students were able to learn with this methodological resource used and assimilated 

the acquired knowledge.This was, it is correct to affirm that the use of the 3D model is a strategy that 

promotes the teaching-learning process in a significant way. 
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Figure 6. Comparison of correct answers during the pre and post-test from the students that had classes 

with the intervention group 2 (3D model). The Wilcoxon test was utilized for statistical analysis. 

3.3 Intervention group 3: multimodal approach 

    It is observed (figure 7) that, after the utilization of cadaveric plastinated brains and 3D models in a 

simultaneous way with a multimodal approach during the class about the cortico-basal, ganglion-thalamic 

and cortico-ponto-cerebellar pathways, there was a statistically significant difference (p<0.001) when 

comparing the students´ knowledge post-test with the students´ knowledge pre-test, which means that the 

students were able to learn with the utilized resource and assimilated the acquired knowledge. Therefore, 

it is concluded that, the utilization of both methodologies, which constitutes a multimodal approach, is an 

alternative strategy that promotes a better development in teaching and learning significantly. 
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Figure 7. Comparison of correct answers during the pre and post-test from the students of the intervention 

group 3, whose class had a multimodal approach . The Wilcoxon test was utilized for statistical analysis. 

 

4. Discussion 

   The study of the human body´s anatomy, with its traditional cadaver dissection techniques, contributes 

to the teaching and the primordial knowledges in the graduation of the health professionals, being 

considered the “base of medical sciences” (12), as prove of that, the present study evidenced that the 

students retain knowledge with the traditional model, proven by the difference when comparing the answers 

from the post-test and pre-test (p=0.01). 

  In this context, with the advent of the pandemy and the subsequent social isolation implemented in most 

countries, remote teaching emerged as an alternative to minimize damages in the student sphere. In this 

context, the professors came across the necessity of adapting to the new teaching model, providing an 

increase in the use and in the acceptance of new teaching methods (13), an example of that was the 

utilization of technologies as alternatives to the traditional study of anatomy trough dissecting cadavers, 

such as videos, online resources (3D atlas) and virtual reality. Thus the pandemic period highlighted the 

importance of utilizing creative, innovative and multimodal ways for the apprenticeship of anatomy (12). 

    As the cases and deaths associated with Covid-19 decrease and the practical activities are resumed 

gradually in the higher education, studies suggest that maintaining the multimodal strategies of teaching 

anatomy can be enveloping, interesting and of great value to the students, since it makes the practical 

classes more interactive and makes it possible for the student to retain knowledge (8), in consonance with 

the present study which demonstrated that the students were able to assimilate knowledge when the 3D 

models were used for teaching, proven by the difference between the pre-test and post-test answers 

(p=0.006). 
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  Therefore, circumventing the accessibility challenges, the popularization of the three-dimensional 

printers made possible the creation of anatomical models below cost and without needing specialized labor, 

which contributes to the access of these innovative methods by students, professors and universities (14). 

Besides, researches evidenced that the 3D model has an important role in the study of complicated and 

detailed structures, such as the middle ear (15), orbital cavity (16), components of the temporal bone (17,18) 

and ventricular structures (19). Therefore, to stimulate active learning, studies suggest that the students 

create, manually, neuroanatomical models of specific structures and correlate them with clinical 

manifestations, generating curiosity and investigative behavior, since the investigation plays an important 

role in the process of teaching and learning (20). 

   In the present study, however, when comparing the study´s participating groups in the pre and post-test 

forms it was observed that there was not, in fact, a significant difference between the methodologies. In 

this context, studies demonstrate that the cadaveric dissection is the most traditional and effective way of 

teaching the health professionals about anatomy (21). In counterpart, recent researches suggest that the use 

of 3D models in the preoperative between medical students and doctors facilitate the posterior surgical 

approach, facilitating the professionals´ perspective (JASKA et al, 2021), thus, the use of the 3D models 

to visualize more complex anatomical  structures is strongly increasing in the health area, being reported 

as one of the best current technologies for pre-op preparation and the surgical training of surgeons (23). 

Consequently, it is necessary that studies that analyze these alternative approaches are developed, with 

more intervention time and a more significant sample to obtain more reliable results. 

   Furthermore, in the neuroanatomy study, learning through physical pieces is fundamental, once it allows 

the recognition of structures of great importance. Yet, the use of 3D models in the elaboration of anatomical 

structures of relatively low cost becomes convenient for a better microanatomical visualization, such as the 

pathways and the tracts, providing an improved learning to the healthcare students. In this context, the 

association of the two methodologies,setting up a multimodal approach,appears as an alternative strategy 

that promotes student development and learning in a relevant way (24). However, the Wilson et al meta-

analysis affirms that, when comparing the multimodal approach with the other pedagogical methods, that 

is, only 3D models,tradicional dissection, plastinated pieces,the student scores were statically assembled 

(25). 

   In accordance, the present study found that the multimodal approach,  utilizing cadaveric plastinated 

pieces to visualize the macroscopical structures associated with the 3D model for microscopical structures, 

contributes to the students´ retention of  knowledge, since the difference between the pre-tests and the 

post-test was significant (p<0.001). However, the number of correct answers from the group that was 

exposed to the hybrid teaching was statistically equivalent to the other participating groups (p=0,654). 

5. Conclusion

The 3D model of the cortico-basal ganglia-thalamic and cortico-ponto-cerebellar pathways

associated with the traditional teaching technique facilitates the assimilation of the basic anatomy even of 

the most complex structures of these systems. An intrinsic advantage of the 3D model is that, when 

compared to cadavers, the cost is lower, it is easier to transport  and there are no ethical issues involved. 
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However, the cadaveric pieces, aside from promoting the apprenticeship of the human structure and 

function, develop ethical qualities, self-reflection and communication and interpersonal skills. In our study, 

the teaching with cadaveric pieces (p=0.010), using the 3D model singly (p=0.006) and the multimodal 

model (p<0.001) all obtained statistically similar results. Therefore, professors should choose the teaching 

methodology based on their goal and not on the intrinsic qualities of each method. 
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