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INTRODUCTION GÉNÉRALE 

 

Une craniosténose correspond à une fusion prématurée d’une ou de plusieurs 

sutures crâniennes conduisant à une croissance osseuse pathologique. Elle peut être 

présente à la naissance ou se développer progressivement au cours des premiers 

mois de la vie de l'enfant. Si un traitement chirurgical est nécessaire, il doit être 

effectué à un âge précoce, lorsque les procédures correctives requises sont moins 

invasives et donnent de meilleurs résultats (1). L'identification des anomalies de forme 

du crâne est donc essentielle pour tous les futurs praticiens mais celle-ci est d’autant 

plus difficile que l’anatomie craniofaciale normale est déjà complexe et peu familière. 

De plus, cette croissance osseuse anormale peut se produire dans diverses directions, 

ce qui peut être complexe à visualiser spatialement lors d'un apprentissage statique 

en deux dimensions (2D). En effet, en 1951, Virchow a décrit que la croissance dans 

le plan perpendiculaire à une suture fusionnée est limitée, (2) et en 1989, Delashow a 

ajouté que les sutures adjacentes à des sutures fusionnées prématurément 

compensent davantage leur croissance que les sutures non contiguës (3). La 

compréhension de cette condition complexe et variable, qui peut également impliquer 

des déformations orbitales et faciales, nécessite donc des compétences 

d'apprentissage et d'entraînement particulières afin d’acquérir des aptitudes visuo-

spatiales. Cependant, en raison de la rareté de cette pathologie, il existe une faible 

exposition à ces patients pendant les études médicales, ce qui accroit la difficulté 

d'obtenir ces compétences spécifiques. 

Diverses technologies d'apprentissage ont été développées dans le domaine 

des pathologies craniofaciales, la plupart d’entre elles étant destinées aux internes en 

neurochirurgie, car les procédures de traitement liées à cette spécialité chirurgicale 
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sont associées à un risque élevé de complications (4,5). Ainsi, le concept de 

simulation, qui permet de recréer un scénario souhaité sans le risque réel qui 

l'accompagne est devenu très populaire et fondamental (6). De nombreux outils de 

simulation ont été proposés pour la formation en neurochirurgie, allant de modèles 

animaux aux modèles de réalité virtuelle sur ordinateur (7). En ce qui concerne les 

craniosténoses, peu de modèles de simulation étaient cependant disponibles, et les 

modèles existants sont associés à certains inconvénients, tels que le coût élevé du 

premier modèle pédiatrique anatomique proposé par Coelho et al. (8) ou l’inadaptation 

de modèles cadavériques animaux. En 2018, Ghizoni et al. (9) ont développé le 

premier modèle de simulation basé sur un polyamide imprimé en trois dimensions 

(3D). Ce modèle a facilité les procédures chirurgicales majeures (ostéotomie) avec un 

retour tactile réaliste. L'émergence des modèles imprimés en 3D et leur intérêt pour 

les internes a ainsi été mis en lumière, mais peu d'études ont évalué les avantages de 

ces nouveaux outils, pour les malformations pédiatriques, dans l'enseignement des 

étudiants en médecine de second cycle (10).  

L'intérêt d'un support d'apprentissage en 3D tactile par rapport aux images 

affichées en 2D pour les étudiants en médecine a été démontré dans plusieurs études 

antérieures randomisées dans l'amélioration de la compréhension des structures 

anatomiques complexes : orthopédie et traumatologie (11,12), maladies 

cardiovasculaires (13-15), anatomie digestive (16-18) et chirurgie cranio-faciale 

(10,19,20). Une récente étude randomisée et contrôlée sur un large échantillon a 

montré l'intérêt porté par les étudiants de second cycle pour des modèles imprimés en 

3D représentant des traumatismes cranio-faciaux (21,22) et leur importance dans la 

compréhension des mécanismes biomécaniques sous-jacents aux fractures faciales. 
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Néanmoins, aucune étude n'a évalué l'impact de ces modèles imprimés en 3D sur la 

rétention à long terme ou la mémorisation chez ces étudiants.  

Par conséquent, l'objectif principal de notre essai contrôlé randomisé était 

d'évaluer la rétention à long terme chez les étudiants en médecine de second cycle en 

utilisant des modèles imprimés en 3D d’une pathologie malformative pédiatrique rare. 

Nous nous sommes concentrés sur des modèles précis et peu coûteux, imprimés en 

3D à partir de scanner de patients réels, des quatre types de craniosténose les plus 

courantes et non syndromiques, à savoir la scaphocéphalie, la plagiocéphalie 

antérieure, la brachycéphalie et la trigonocéphalie. L'objectif secondaire était d'évaluer 

le ressenti des étudiants et leur satisfaction quant à l'apprentissage avec ce nouvel 

outil pédagogique.  
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ARTICLE DE THESE 

 

Introduction 

Craniosynostosis is the premature fusion of cranial sutures. It could be present 

at birth or develop gradually in the first few months of a child’s life. If surgical treatment 

is needed, it has to be performed at an early age when the corrective procedures 

required are less extensive and yield better results (1). Identifying skull shape 

abnormalities is therefore essential for all future practitioners. However, it can be 

difficult because normal craniofacial anatomy is already complex and unfamiliar. 

Moreover, this abnormal bone growth can occur in various directions, which can be 

difficult to visualize spatially during two-dimensional (2D) static learning. In 1951, 

Virchow described that growth in the plane perpendicular to a fused suture is restricted, 

(2) and in 1989, Delashow added that sutures adjacent to prematurely fused sutures 

compensate in growth more than do the sutures that are not contiguous (3). Therefore, 

understanding this complex condition, which can also involve orbital and facial 

deformities, requires specific learning and training skills such as visuospatial ability. 

However, because of the rarity of the condition, there is low exposure to these patients 

during medical studies, which increases the difficulty in acquiring this competency.  

Various learning technologies have been developed in the field of craniofacial 

diseases, and most of them are aimed at neurosurgery residents because the related 

treatment procedures are associated with a high risk of complications (4,5). Thereby 

the concept of simulation, which allows for the recreation of a desired scenario without 

the actual accompanying risk and the training and improvement of all the necessary 

skills, has become very popular and essential (6). Numerous simulation tools have 

been proposed for neurosurgery training, from animal models to computer-based 
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virtual reality models (7). Regarding craniosynostosis, few simulation models are 

available, and the existing models are associated with some drawbacks, such as the 

high cost associated with the first anatomic pediatric model proposed by Coelho et al. 

(8) or unsuitable animal cadaveric models. Ghizoni et al. (9) developed the first refined 

simulation model based on a three-dimensional (3D) printed polyamide in 2018. This 

model facilitated major surgical procedures (osteotomy) with realistic tactile feedback. 

Despite the emergence of 3D-printed models, few studies have evaluated the benefits 

of these new tools for pediatric malformations in the education of undergraduate 

students (10).  

The interest in 3D learning support compared to images displayed in 2D for 

medical students has been shown in several prior randomized studies on 

improvements in the comprehension of complex anatomical structures, assessment 

scores, and learner satisfaction in different fields: orthopedics and traumatology 

(11,12), cardiovascular diseases (13-15), digestive anatomy (16-18), and craniofacial 

surgery (10,19,20). A recent randomized controlled study on a large sample showed 

the interest in 3D-printed models of craniofacial trauma among undergraduate 

students (21,22). This study highlighted the role of 3D-printed models of craniofacial 

fractures compared to 2D visualization in facilitating the understanding of complex 

anatomical structures. Nevertheless, no study has evaluated the impact of these 3D-

printed models on long-term retention in undergraduate students. Therefore, the 

primary aim of this randomized controlled trial was to evaluate long-term retention 

among undergraduate students who were taught about craniosynostosis by using 3D-

printed models. We focused on 3D-printed, low-cost accurate models of the four most 

common and non-syndromic types of craniosynostosis, namely scaphocephaly, 
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anterior plagiocephaly, brachycephaly, and trigonocephaly. The secondary objective 

was to evaluate students’ feedback and satisfaction about learning with the models.  

 

Materials & methods: 

This randomized controlled trial was conducted in adherence to the CONSORT 

guidelines. 

 

Participants and ethical approval 

All 6th-year undergraduate medical students from the Faculty of Medicine & Midwifery 

at Lille Catholic University were given the opportunity to participate in the study. 

Students from this level of graduation are not specialized and received the same 

standardized lectures on craniofacial anatomy, physiology, and pediatrics since their 

first year. A total of 112 students were eligible for inclusion in this trial, and 97 of them 

voluntarily accepted to participate in the study. All included students received the same 

information about the trial process, which was provided by the same tutor. Students 

who could not take the entirety of the dedicated course or attend both planned sessions 

were excluded (12 students). Ethical approval was obtained from the institutional 

review board of Lille Catholic University. The trial was strictly performed in accordance 

with the approved guidelines. 

 

Trial design 

This randomized controlled trial was designed to compare the long-term retention of 

information about various craniosynostosis patterns by using 3D-printed models 

versus classic 3D reconstructions displayed in 2D as part of the undergraduate 

educational medical program. The students were randomized into two groups in the 
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same amphitheater: 3D group (comprising 37 students) and 2D group (comprising 48 

students). All the students benefited from the same standardized course at the 

beginning of the first session. This course lasted 15 minutes and focused on the 

definition of craniosynostosis, the Virshow law, and the description of the major signs 

for recognizing the most common types of craniosynostosis: scaphocephaly, anterior 

plagiocephaly, brachycephaly, and trigonocephaly. The course was followed by the 

manipulation of the learning tool associated with the group: a set of four 3D-printed 

models of craniosynostosis was manipulated by the 3D group (Figure 1, 2) and 2D 

images of standardized views of 3D reconstructions were proposed for the 2D group 

(three views for each type of craniosynostosis: one facial view, one profile, and one 

view from the top). The observation/manipulation time was 15 minutes for all students.  

 

 

Figure 1. Set of 3D-printed models representing three of the four types of craniosynostosis.  
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Figure 2. Anterior and upper view of a 3D printed model representing a plagiocephaly. The 
facial and skull deformations are well visible as well as the premature fusion of the left 
coronal suture.  

 

 

Primary endpoint evaluation 

The primary endpoint evaluated the long-term retention of learning information. These 

evaluations were performed three weeks after the standardized course with 

manipulation of the randomized learning tool by using a multiple-choice question 

(MCQ) form. The test was designed to assess the capability of students to properly 

recognize different types of craniosynostoses displayed in different non-standardized 

views in 2D. The assessment was composed of 15 true/false MCQs illustrated by an 

unusual view of the craniosynostosis described above and by a pre-test to record 

baseline data about the students’ interest in video games, their previous exposure to 

3D-printing models, and their spatial representation skills, which were evaluated using 

a mental rotation test.  
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After performing the trial assessment, all students of the 3D and 2D control groups (2D 

group) were offered a lesson on correction using respectively classic 3D 

reconstructions displayed in 2D and 3D-printed models to avoid any inequity. 

 

Secondary endpoint evaluation 

The students’ feedback on the 3D-printed models and their satisfaction levels were 

assessed and evaluated by 5 MCQs and an open-ended question at the end of the 

teaching experience (Supplementary data, 1). The open-ended question required the 

students to enumerate three words related to their interest in this learning tool.   

 

Description of 3D-printed models   

To obtain data for the manufacturing of our 3D models, we collected computed 

tomography images of patients aged 18 months with one of these four types of 

craniosynostosis (single suture): scaphocephaly, anterior plagiocephaly, 

brachycephaly, and trigonocephaly.  

Digital Imaging and Communications in Medicine (DICOM) files were transferred to an 

automatized segmentation program (Mimics® inPrint 3.0; Materialize NV, USA), which 

allowed segmentation of these data to obtain a 3D standard tessellation language 

(STL) files. A 350-HU threshold was used to select only the bone structures. Models 

were printed in Plastic ABS by the low-cost 3D UPplus2® printer (Beijing TierTime 

Technology Co. Ltd) using the following settings: 70% scale, finest quality, 2-layer 

support, and 0.15-mm-thick layers. Models were printed from the maxilla to the vertex.  

 

Statistical analysis  
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Descriptive statistics were calculated for the variables of interest. Continuous variables 

are presented as means and standard deviations (SD). Discrete variables are 

expressed as frequencies and percentages.  

All the available variables were used to evaluate the comparability of the two groups. 

The principal objective was evaluated by comparing the total score (over 15) between 

both groups. The chi-squared test was performed to compare categorical variables. 

The Student two-sample T-test was used to compare means. Tests were 2-sided, and 

p values less than 0.05 were considered significant. The analysis was performed using 

Xlstat® software. 

 

Results 

Eighty-five sixth-year undergraduate medical students were enrolled in this study. 

Thirty-seven students were allocated to the 3D group, whereas 48 were allocated to 

the 2D group. Twelve participants were excluded from the trial. Eighty-five students 

were thus included in the statistical analysis. The trial flowchart is presented in Figure 

3. Participants in both groups had similar educational achievements and visual spatial 

skills (appetence for video games, success in the cube-building test, or previous 

exposure to 3D-printed models). Participant characteristics are shown in Table 1. 
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Figure 3. CONSORT diagram of enrollment and follow up. 

 

Table 1: Participant demographics. 
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The 3D-printed model was considered to be a better teaching material than the two-

dimensional support by significantly improving long-term retention. The bivariate 

analysis estimated the mean score to be 11.32 (2.89) in the 3D group versus 8.08 

(2.81) in the 2D group (p < 0.0001) (Figure 4). 

 

Figure 4. Box plot comparing the results of the evaluation for the 2D and 3D groups.  

 

In the qualitative analysis, the positive feedback (strongly agree and agree) rate 

exceeded 97% for every satisfaction- and relevance-related question. Almost all 

students (99%) recommended systematic use of the models in the teaching curriculum. 

Keywords related to the interest in the learning tool were listed in a word cloud (Figure 

5). The three most represented words chosen were as follows: playful (15.6%), 

visualization (14.6%), and educational (9.6%). 
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Figure 5. Word cloud representing the keywords chosen by the students related to the 
interest of 3D-printed models as an educational tool. 

 

Discussion 

This prospective randomized controlled educational trial showed that 3D-printed 

models of structures with spatial complexity, such as various craniosynostosis 

patterns, can improve medical students’ long-term retention.  

 

Generalizability  

3D printing has been extensively used worldwide over the past 30 years, and its use 

in medicine has rapidly expanded in areas ranging from education to surgical practice. 

Within the past 5 years, more than 80 papers related to 3D printing and medical 

education have been published, and many studies have already demonstrated its 

usage in addition to or instead of traditional educational methods in anatomy 



 17 

(11,16,18,19,23-25). However, assessment of 3D models varies significantly, and well-

established education tools representing patho-anatomy remain rare (10-14,18,20).  

In the field of craniofacial education, only four randomized controlled trials were 

published to evaluate the learning efficiency of 3D-printed models in education on 

undergraduate students (10,19-21). Chen et al. considered 3D-printed colored skull 

models to be superior to cadaveric skulls and atlases by facilitating basicranial 

education in assisting structure recognition (19). In the field of patho-anatomy, Ali et 

al. showed that the addition of a cleft lip/palate 3D-printed model resulted in a 

significant improvement in the mean percentage of knowledge gained (20). Another 

large randomized controlled study evidenced the interest in 3D-printed models of 

craniofacial trauma among undergraduate students by pointing out the improved 

understanding as a result of this learning tool (21,22). In addition to these craniofacial 

results, Lane et al. investigated the educational value of 3D-printed models of different 

craniosynostosis patterns, including scaphocephaly, trigonocephaly, and 

brachycephaly (10). Their study, which was conducted on undergraduate students, 

focused on the education of craniofacial pathology and its surgical repair. This study 

found no statistical difference in post-module quiz scores between groups 

(PowerPoint® presentation Vs PowerPoint® + 3D-printed models) even though the 

score improvement was greater in the 3D group. Nevertheless, a qualitative evaluation 

showed that all students in the 3D group would recommend the use of these models 

as a teaching aid (10).  

Our study showed that the 3D-printed model offered better teaching support than two-

dimensional models by significantly improving long-term retention. Kong et al. found 

that 3D hepatic printed models significantly improved students’ understanding of 

hepatic segmentation and facilitated retention of acquired knowledge 5 days after the 
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teaching module in comparison with a traditional anatomy atlas (16). They suggested 

that evaluations over more time points would make the comparisons more convincing, 

especially in relation to the long-term effects. Our study was designed with a long-term 

education examination pattern and is the only study highlighting the significant benefit 

of 3D-printed models in pathologic anatomy on long-term retention in undergraduate 

students. Another study focusing on 3D silicone-based prosthetic mimics of common 

serious lesions and eruptions previously showed immediate and long-term 

improvement in lesion recognition (26). Moreover, our qualitative analysis was 

consistent with the results reported by Lane et al. (10), clarifying the primary qualitative 

advantages of the teaching support. 

 

Interpretation 

Trainees learning of craniofacial anatomy are generally limited to picture 

representation, traditional 2D teaching from imaging, or cadaveric dissection. 

Moreover, craniofacial pathologies are rare, which limit exposure to the complex patho-

anatomies at the hospital and make them challenging to teach. In 2015, Yammine et 

al. (27) reviewed eight studies comparing 3D physical models with 2D digital images 

or 3D virtual textbooks or 3D virtual simulators displayed on a computer screen. Their 

review suggested that physical anatomical models offer significant advantages in 

terms of the overall knowledge outcome and spatial knowledge acquisition. The 

mechanisms contributing to this superiority have been explored by Wainman et al. (28), 

who highlighted that physical models have a large and consistent advantage over 

images projected on a computer as a consequence of binocular, stereoscopic vision. 

Moreover, the mental images of the anatomy arising from cadaveric dissection have 

been shown to be enhanced by touching specimens (29). Thus, haptic models could 



 19 

complement visual sources of information to form a more detailed and understandable 

3D mental images. The presentation of congruent multisensory information (visuo-

haptic) has been associated with enhanced task performance and learning and 

memory processes. This phenomenon, known as intersensory facilitation, has been 

demonstrated in humans (30) and also primates (31). For example, auditory-visual 

synesthesia has been suggested to provide a superior memory capacity (32). Such 

results are consistent with the psychological notion of “redintegration” which refers to 

the fact that an overall state of mind is restored from an element of the whole (33). 

Neuroimaging studies of memory suggest that multisensory exposure enables stimuli 

to be encoded into multisensory representations and will later activate a larger network 

of brain areas that underlie this behavioral facilitation (34). Finally, by employing 

physical interaction, stereoscopic vision, and multisensory facilitation, 3D-printed 

models seem to bridge the gap between theoretical learning and actual patho-

anatomy, enhancing memorization processes. Previous studies on unisensory 

assessment of haptic system through evaluations in persons with visual impairments 

showed that 3D-printed models provided specific information related to the tactile 

perception of the 3D-printed support (35,36). Such information support can also be 

applied in clinical practice to inform expectant parents to apprehend a complex 

craniofacial malformation (37). Therefore, a pathological physical model may allow 

them to better understand the disease process and participate more directly in shared 

medical decision-making, leading to increased patient satisfaction (37,38). 

 

Limitations 
 
Emerging novel educational interventions require strong experimental evidence to 

support their use (39). The major strengths of our study include the stringent 
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experimental conditions and the high number of participants. Students were randomly 

separated into two groups and statistical analysis showed the absence of intergroup 

differences in all the possible biases tested: sex, frequency of video-game playing, 

previous exposure to 3D printing, and success in the cube building test, which 

represented previous visuospatial ability. 

Studies comparing educational interventions frequently differ in the quality and amount 

of teaching received. In this study, no other teaching format on this topic was permitted 

and all the students received the same standardized course and the same teaching 

time by one single speaker. Plus, participant exchange of key study details are 

important confounders, and this study minimized the influence of this factor by 

administering the teaching exposure to the groups simultaneously. Both objective and 

subjective assessments were adopted. Subjective evaluation allowed us to collect 

student feedback concerning the trial and their interest in 3D printing for educational 

purposes by an open-ended question and a post-test survey.  

Major limitations mainly include the absence of a pre-module test to precisely evaluate 

the baseline knowledge between the two groups. However, all the students received 

theoretically the same course since the beginning of their medical studies. Moreover, 

knowledge of the grouping and interventions could affect student’s performance 

partially.  

 

Conclusion 

Our findings not only provide robust evidence to support the educational efficacy of 

3D-printed models but also emphasize their major role in understanding and 

memorizing spatial structures practically by reproducing the unique complex bone 

abnormalities present in different craniosynostosis patterns.   
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Supplementary data 
 
 
Supplementary data 1 : Post-test survey 

 
 

1. Have you found 3D-printed models useful in the understanding of 
craniosynostoses? 
A : Very useful  
B : Useful 
C : Moderately useful 
D : Useless 
 
 

2. Would you say that 3D-printed models improve the level of attention in 
education? 
A : Strongly agree 
B : Agree  
C : Moderately agree  
D : Disagree  
 

3. Would you say that 3D-printed models are a good alternative to a paper 
scanographic representation in education?  
A : Strongly agree 
B : Agree  
C : Moderately agree  
D : Disagree  
 

4. What is your overall level of satisfaction concerning this new educational tool? 
A : Very satisfied  
B : Satisfied  
C : Moderately satisfied 
D : Not satisfied  
 

5. Would you like 3D-printed models to be systematically integrated into the 
teaching of disciplines requiring spatial visualization (anatomy, surgical 
disciplines) ? 
A : Yes  
B : No  

 
Define in 3 keywords what you think about 3D-printed models in education 
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CONCLUSION GÉNÉRALE 

 

Notre étude randomisée contrôlée a permis de démontrer une différence 

significative entre les scores obtenus par les étudiants en médecine de second cycle 

ayant bénéficié d’une manipulation de modèles imprimés en 3D, en comparaison avec 

les étudiants ayant bénéficié d’un enseignement classique diffusé sur support 

bidimensionnel. La reconnaissance et le diagnostic de différentes vues de 

craniosténoses 3 semaines après l’enseignement étaient en effet meilleurs pour les 

étudiants du groupe 3D, soulignant une meilleure mémorisation des données 

enseignées et une meilleure capacité de visualisation spatiale. Le recueil du ressenti 

des étudiants vis-à-vis de cet outil pédagogique a permis de souligner leur satisfaction 

et leur demande d’intégration dans l’enseignement de ces modèles de façon plus 

usuelle.  

Ainsi nos résultats fournissent des preuves solides de l'efficacité pédagogique 

des modèles imprimés en 3D en patho-anatomie, en soulignant leur rôle majeur dans 

la compréhension mais également dans la mémorisation et la visualisation de 

structures spatiales en reproduisant des anomalies osseuses complexes et 

spécifiques, présentes notamment dans les différentes formes de craniosténoses. 
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ANNEXES 

 

1. Évaluation des facteurs de confusion : questions posées 

 

1/ Quelles étaient vos connaissances vis-à-vis de l’impression 3D avant cette 
expérience ? 

A/ je possède une imprimante 3D et imprime régulièrement des modèles 
B/ je ne possède pas d’imprimante 3D mais j’ai déjà manipulé des modèles 
imprimés 
C/ je connais le principe de l’impression additive mais je n’ai jamais manipulé 
de modèles imprimés 
D/  j’en ai déjà entendu parlé sans m’y intéresser en détails 
E/ c’est un concept totalement nouveau pour moi 

 

2/ Êtes-vous ou avez-vous été un joueur de jeux vidéos ? 

A/ non 
B/ moins d’une fois par mois 
C/ au moins une fois par mois 
D/ au moins une fois par semaine 
E/ quotidiennement 
 

3/ A quel(s) type(s) de jeux vidéos ? 

A/ aucun, je ne joue pas 
B/ FPS, jeux de plateforme ou MMORPG 
C/ jeux de stratégie en vue aérienne 
D/ jeux de puzzle et énigmes 
E/ mini-jeux de smartphone 

 

4/ Parmi les propositions suivantes, laquelle (lesquelles) peut-on plier pour former un 
cube ? 
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2. Exemple de question posée pour l’évaluation des 
connaissances 

 
 
 
 



 
 
AUTEUR : AL-BADRI Nour                             

Date de soutenance : 15 octobre 2021 

Titre de la thèse : Utilisation de modèles imprimés en 3D en pédagogie chirurgicale : 

impact sur la mémorisation à long terme. Une étude randomisée contrôlée.  

Thèse - Médecine - Lille 2021 

Cadre de classement : Chirurgie maxillo-faciale et Stomatologie  

DES + spécialité : Chirurgie générale, Chirurgie maxillo-faciale et Stomatologie  

Mots-clés : Pédagogie, modèles 3D, craniosténoses, mémoire.  

Contexte : Les craniosténoses sont une pathologie rare et complexe induisant des déformations 
crâniennes nécessitant des compétences visuo-spatiales pour une bonne compréhension de la condition. 
Si l'utilisation de modèles tridimensionnels (3D) a montré une amélioration de la compréhension de 
l'anatomie cranio-faciale complexe, aucune étude n'a évalué l'impact de ce support d'enseignement sur la 
rétention d’informations à long terme. 
 
Méthode : Notre essai contrôlé randomisé a été réalisé afin de comparer la rétention d’informations à long 
terme avec des modèles imprimés en 3D de quatre types de craniosténoses versus des reconstructions 
scannographiques en 3D affichées sur support bidimensionnel (2D), chez des étudiants en médecine de 
deuxième cycle. Tous les étudiants ont bénéficié du même cours standardisé suivi de la manipulation de 
l'outil d'apprentissage associé au groupe pendant 15 minutes. La rétention à long terme a été évaluée par 
la capacité à reconnaître correctement et diagnostiquer différents types de craniosténoses 3 semaines 
après le cours. En outre, un sondage qualitatif post-test comprenant cinq QCM et une question ouverte a 
été réalisé. 
 
Résultats : Quatre-vingt-cinq étudiants ont été inclus, 37 dans le groupe 3D et 48 dans le groupe 2D. Les 
résultats scolaires antérieurs et les compétences visuo-spatiales de base étaient similaires entre les 
groupes. L'analyse bivariée a montré que le score moyen dans les groupes 3D et 2D était de 11,32 (2,89) 
et 8,08 (2,81), respectivement (p < 0,0001). L'analyse qualitative a montré un pourcentage de 
commentaires positifs supérieur à 97 % pour chaque question de l'enquête relative à la satisfaction et à 
la pertinence de cet outil pédagogique.  
 
Conclusion : Les modèles imprimés en 3D de structures osseuses présentant une complexité spatiale 
telles que les craniosténoses améliorent significativement la rétention d’informations et la mémorisation à 
long terme des étudiants en médecine, ce qui indique leur efficacité pédagogique et leur rôle majeur dans 
l'enseignement de la patho-anatomie.  
 
Composition du Jury : 
Président : Pr Joël FERRI 
Assesseurs : Pr Gwenaël RAOUL, Pr Roman Hossein KHONSARI, Dr Sandrine TOUZET-

ROUMAZEILLE 
Directeur de thèse : Dr Romain NICOT 



 30 

 


