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Background: Intraosseous (IO) access is a life-saving procedure when intravenous access is impossible in 

pediatric emergencies. Proficiency in IO technique, particularly drill handling, patient positioning, and site 

identification, is essential to minimize complications and improve outcomes. 

Methods: To address the high cost and limited accessibility of commercial simulators, low-cost task train- 

ers were developed using 3D printing and silicone casting. These trainers focused on drill handling, al- 

lowing trainees to progressively acquire procedural skills. 

Results: Initial validation was conducted with experts at Meyer Children’s Hospital during a European Pe- 

diatric Immediate Life Support (EPILS) course. Structured feedback indicated high satisfaction with tactile 

realism and educational value. Based on this feedback, a second prototype with a fluid simulation system 

was implemented to enhance realism further. Nursing professionals, often first responders in emergen- 

cies, particularly benefited from the improved version, reporting increased confidence and competence. 

Conclusion: The cost-effective IO task trainers offer a scalable, realistic alternative to commercial models, 

expanding access to essential training. Their affordability and usability make them suitable for diverse 

healthcare settings, enhancing preparedness for pediatric emergencies. 

© 2025 International Nursing Association for Clinical Simulation and Learning. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Intraosseous (IO) access is a life-saving procedure used in pe- 

iatric emergency medicine when conventional intravenous ac- 

ess is difficult or impossible ( Jousi et al., 2019 ; Luck et al., 2010 ;

ori et al., 2020 ; van Tonder et al., 2024 ). IO access ensures timely

ntervention in critically ill or trauma patients by allowing the 

apid administration of fluids, medications, and blood products di- 

ectly into the bone marrow ( Chiang & Teichman, 2024 ; Mori et al.,

020 ; Qasim & Joseph, 2024 ). The IO procedure involves drilling 

hrough the cortical bone using a specialized drill with hollow bits 

ntil the spongy bone is reached. Thanks to its high vascularity, 

his area enables rapid absorption of injected substances. The pre- 

erred access sites for infants and neonates are the distal femur, 

roximal tibia, and distal tibia. Given the urgency of these situa- 

ions, healthcare providers must be well-trained in both the theo- 
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etical and technical aspects of the procedure to maximize success 

nd minimize complications. Nurses, who frequently initiate vas- 

ular access in pediatric emergencies, require targeted simulation 

ools that build confidence and technical accuracy under pressure. 

Several key factors contribute to the effectiveness of IO access. 

orrect patient positioning is essential: stabilizing the limb prop- 

rly ensures a controlled and precise insertion. Speed is also cru- 

ial: any delays in vascular access can compromise patient out- 

omes, making efficiency a fundamental aspect of training. Accu- 

ate identification of the correct insertion site, such as the proxi- 

al tibia, is vital to prevent misplacement and associated compli- 

ations. These aspects must be mastered before proceeding with 

he technical execution of the procedure on real patients through 

ntense training, which has been proven to be a valuable tool for 

aintaining critical procedural skills ( Craig et al., 2019 ). For nurs- 

ng and medical staff, continuous and progressive training is essen- 

ial to retain procedural proficiency, especially in high-stress, low- 

requency scenarios such as pediatric IO access. 

The correct use of the IO drill is another critical factor. The 

ower drill enables precise and controlled needle insertion, reduc- 
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Figure 1. Exploded view of the task trainer showing Bone, Flesh , and Skin layers, 

Lateral Covers, and the Base . 
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ng the risk of excessive force or incorrect angling, which could 

ead to complications such as extravasation, infiltration, bone frac- 

ures, or soft tissue damage ( Chiang & Teichman, 2024 ; Mori et al.,

020 ; Oriot et al., 2012 ; Reinhardt et al., 2013 ; Reuter-Rice et al.,

015 ). Mastering drill handling, whether manual or powered, in- 

luding selecting the appropriate needle length, insertion angle, 

epth control, and stabilization, is essential for safe and effective 

O access. Another key aspect that must be developed in advance is 

he ability to recognize a successful IO insertion accurately, namely, 

ensing whether the cortical bone has been adequately breached 

nd the needle has reached the spongy bone. 

Various commercial training simulators exist to help clini- 

ians refine their IO technique and are used as learning tools 

 Henkel et al., 2024 ; Rideout & Raszka, 2018 ; Schwindt et al., 2018 ).

 noncommercial high-fidelity pediatric leg model was also found 

n the literature ( Marzola et al., 2025 ). However, these simula- 

ors often involve multiple complex variables, making them too 

hallenging to manage for beginners during their initial attempts. 

oreover, the high cost of these simulators – largely due to their 

omplexity – makes them impractical for beginners, who would 

enefit more from a simpler, low-cost model tailored to basic 

raining needs. To address this, we have developed a set of three 

ask trainers within the T3Ddy Laboratory , a collaboration between 

he Department of Industrial Engineering of the University of Florence 

nd the Meyer Children’s Hospital—IRRCS (Florence, Italy). These 

odels are designed to provide cost-effective, accessible simula- 

ion tools while allowing trainees to focus on the specific aspect 

f drill handling to allow a stepwise teaching process. Learning the 

orrect drill insertion and feedback separately from other proce- 

ural complexities is a valuable first step for beginners before ad- 

ancing to full-scale simulation scenarios. 

aterials and methods 

Modeling. After confronting Meyer ’s expert physicians and 

urses, the layout of the task trainers was defined as follows: the 

ask trainers are intended to be made of three layers reproducing 

he Bone , the Flesh (with three diverse heights to replicate differ- 

nt anatomies), and the Skin , whose sides are concealed by Lateral 

overs . The task trainer is housed in a reusable Base with a nonslip

ayer. 

Anonymized CT scans of a 5-year-old patient were used to ob- 

ain direct measurements of the bone portion of interest. Measure- 

ents were taken from the images using Mimics Medical 21.0 soft- 

are ( Materialize , Leuven, Belgium). These data were used to re- 

roduce the dimensions of the bone portion of interest during the 

rocedure. 

The Bone reproduces a portion of the proximal tibia as a 6 

m-thick hollow cylinder to replicate the marrow feedback during 

rilling. The model forecasts lateral pins to allow coupling with the 

ase . The Flesh layer was designed by offsetting the Bone part with 

hree different thicknesses, namely 4 mm, 6 mm, and 8 mm, to re- 

roduce different scenarios and allow the training on the selection 

f appropriate needle length between the three available based on 

alpation. The Skin layer is a simple 1 mm-thick layer replicating 

he haptic feedback of real anatomy during the procedure. Finally, 

ateral Covers were designed as simple circular segments to cover 

he thickness of the Flesh , preventing it from providing any visual 

ues to the operator about the skin thickness of the model, thus 

reserving the realism of the simulation. 

The Base was designed to house the task trainer that slides into 

t and is kept in position during simulation thanks to the pins. The 

ayout, featuring two holding areas, proximal and distal, was opti- 

ized to replicate the correct hand positioning during the proce- 

ure. To provide comfort during the procedure, those areas are de- 

igned with concave geometry to allow silicone covering. To max- 
2

mize gripping during usage, the Base features a nonslip bottom. 

igure 1 shows the exploded view of the 6 mm task trainer taken 

s an example, and that of the Base . 

Fabrication. Materials selection was based on the T3Ddy Labo- 

atory ’s experience ( Mencarelli et al., 2024 ; Puggelli et al., 2024 )

nd validated by Meyer ’s experts by blind testing different com- 

inations of materials ( Marzola et al., 2025 ). Polylactic acid (PLA) 

as selected to fabricate the Bone by direct fused deposition mod- 

ling (FDM) 3D printing, and platinum silicones of different Shore 

ardnesses, namely Ecoflex 00-10 ( Smooth-On Inc. , PA, USA) and 

ragon Skin 30 ( Smooth-On Inc. , PA, USA), were selected to replicate 

he Flesh and the Skin layers using indirect 3D printing techniques. 

ragon Skin 30 was also used for the nonslip parts of the Base . 

While adhesion between the Flesh and the Skin layer was easily 

btained by successive casting, Bone and Flesh adhesion required 

horough research. Given the oily nature of the silicone, the rough 

urface finishing of the 3D-printed Bone given by the staircase ef- 

ect of the FDM process, was insufficient to guarantee the adhe- 

ion of the Flesh , and neither did different adhesives guarantee 

nough resistance to prevent detachment during drilling and nee- 

le extraction. The adopted solution was to design the Bone as a 

ilayer structure featuring an inner core printed with a 40% infill 

ensity and two outer shells, and a 2 mm-thick outer layer with a 

yroid infill pattern left exposed to improve silicone adhesion dur- 

ng casting. The distribution of the printed layers (in terms of mil- 

imeters) was carefully studied and validated by Meyer ’s medical 

xperts to ensure that it remained imperceptible during drilling, 

reventing any interference with the haptic feedback essential for 

ealistic simulation. 

All silicone components were produced through mold casting, 

sing custom-made 3D-printed molds. All rigid parts and molds 

or silicone casting were fabricated in PLA using an FDM printer 

3MK3s ( Prusa Research , Prague, Czech Republic). 

Flesh casting was performed first using a simple open mold: the 

egassed compound of colored silicone was gently poured over the 

one already positioned in the mold. Skin casting, applied as a sec- 

nd layer over the cured Flesh , required a different approach due 

o the layer’s reduced thickness, the silicone’s higher viscosity, and 

riction with the underlying silicone. After sealing the mold, the 

egassed Skin compound was poured in, and the Bone-Flesh com- 

lex was carefully inserted, displacing excess material and ensur- 

ng even distribution without air bubbles. Once the curing process 

as completed, after demolding the Cartridge , the Lateral Covers 

ere glued to the sides. The reduced dimensions and the careful 

aterials choice allowed for cost-cutting, especially if compared to 

ommercial leg simulators. Costs per disposable task trainer and 

eusable base are detailed in Table 1 . The detailed costs presented 
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Table 1 

Costs. 

Component Material Cost per unit 

Bone PLA 0.30 €
Flesh mold PLA 0.86 €
Flesh Ecoflex 00-10 0.97 €
Skin mold PLA 0.88 €
Skin Dragon Skin 30 0.25 €
Cartridge total cost 3.36 €

Base rigid part PLA 0.66 €
Base mold PLA 0.84 €
Base silicone part Dragon Skin 30 2.52 €
Base total cost 4.02 €

Bold values refer to subtotals. 
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efer to the 8mm thick Flesh layer and comprise exclusively direct 

aterial expenses, excluding labor, equipment depreciation, and 

ther overhead costs. As evident, even when accounting for the 

ost of creating new molds each time, the total cost of the trainer 

emains below €10. 

Validation. The developed set of task trainers was tested dur- 

ng a European Pediatric Immediate Life Support (EPILS) course 

eld by Meyer Children’s Hospital – IRCCS and evaluated using a 

pecific questionnaire featuring demographic and expertise infor- 

ation and an evaluation section with 10 questions, reported in 

able 2 , whose response was based on a 7-point Likert scale. Dur- 

ng the course, where participants had the opportunity to use 

oth the EZ-IO® ( Teleflex Incorporated , Wayne, PA, USA) powered 

rill and the manual drill, the selection of the appropriate needle 

ength was guided by the facilitator. This instructional approach 

as adopted to systematically illustrate the variables influencing 

eedle choice, such as the thickness of the soft tissues overlying 

he cortical bone and the patient’s anatomical characteristics. Ac- 

ively guiding the decision-making process enabled participants to 

evelop a critical understanding of the key factors that determine 

orrect procedure execution, resulting in a more effective and tar- 

eted training experience. 

Preliminary results. 27 experts (63% females and 37% males; 

ean age of 52.3 years), nurses and attendings, had the chance 

o test the sets and were therefore required to fill in the question- 

aire. The involvement of experienced nurses highlighted the value 

f the trainer in reinforcing procedural autonomy and decision- 

aking under realistic conditions. Data regarding the participants’ 

rofessional expertise and their perception regarding the most im- 

ortant aspects of a task trainer for the IO procedure are reported 

n Figure 2 A. Mean results regarding the evaluation section were 

btained by averaging the responses were satisfactory ( Figure 2 B), 

ut since more than one medical expert suggested the introduction 

f a perfusion system, we decided to redesign the task trainer to 

evelop a second version of the task trainer to allow the insertion 

f a 10 ml physiological solution vial. 
Table 2 

Questions (Q) reported in the questionnaire. 

Q1 On a scale from 1 to 7, how realistic do you find the tactile sensation during p

Q2 On a scale from 1 to 7, how realistic do you find the tactile sensation during

Q3 On a scale from 1 to 7, how realistic do you find the feedback during perfora

Q4 On a scale from 1 to 7, how realistic do you find the transition between diff

Q5 On a scale from 1 to 7, how much did the task trainer help clarify the critica

Q6 On a scale from 1 to 7, how much did the task trainer help identify potentia

Q7 On a scale from 1 to 7, how much has your confidence in performing the pr

Q8 On a scale from 1 to 7, how accurately do you think the level of difficulty of

Q9 ( For instructors only ) On a scale from 1 to 7, how advisable do you think the

Q10 ( For instructors only ) On a scale from 1 to 7, how advisable do you think the

and maintaining procedural skills? 

3

Observing the results, there are indeed areas for improvement, 

articularly concerning the tactile feedback because of the surface 

eing too sticky (Q1 and Q2) and the accurate reproduction of the 

ifficulty level (Q8). 

The data regarding the perceived usefulness of the task trainer 

s a training device, as assessed by the participants (Q5) and the 

nstructors (Q9 and Q10), are extremely positive. Satisfaction can 

lso be considered high for the other indicators, as all of them 

cored above 5.5 out of 7. 

Furthermore, facilitators positively evaluated the task trainer’s 

bility to replicate three different soft tissue thicknesses, as this 

eature allowed participants to practice selecting the appropriate 

eedle length based on palpation. This variability was considered 

aluable in enhancing trainees’ abilities to adapt to different clini- 

al scenarios, reinforcing their decision-making skills before apply- 

ng them in real-life situations. 

Redesign and fabrication. Based on the questionnaire results, the 

esign of the task trainer was revised to include a liquid cartridge 

most likely a physiological saline vial – to keep the overall cost of 

he device low. The choice of using a 10 ml vial was driven by its

ow cost (about 0.80 € each) and the possibility of obtaining expired 

ials through hospitals, further reducing expenses. The plastic vials 

ere selected following numerous tests, not only for their ease of 

ntegration into the model but also because they allow for simple 

iquid management without interfering with the procedure itself. 

ests conducted with the help of expert physicians from the Meyer 

hildren’s Hospital – IRCCS revealed that the presence of the vial is 

mperceptible in terms of needle penetration, ensuring that it does 

ot affect the realism or accuracy of the procedure. Moreover, the 

ontents of the vial can be easily colored to provide an even higher 

evel of realism. 

Following the guidance of medical experts and approximately 

aintaining the size of the original prototype, the device’s struc- 

ure was modified to accommodate the vial. The gyroid structure 

nd the three flesh thicknesses of 4mm, 6mm, and 8mm, to simu- 

ate different body mass indices, were preserved. Additionally, the 

ase was redesigned to allow the vial to be inserted while keeping 

t hidden from view. 

To overcome the problem due to the stickiness of the Skin in- 

erfering with the realism of the tactic feedback, once cured, the 

ilicone has been treated with talcum powder. 

The new task trainers, shown in Figure 3 A, were fabricated us- 

ng the same materials and the same procedures as the previous 

nes, combining AM techniques with molding and casting meth- 

ds, and their cost remained under 10 €. The task trainers were 

sed during multiple hands-on sessions at a national congress ded- 

cated to nursing professions ( Figures 3 B and 3 C). 

esults 

For the evaluation, the same questionnaire featuring the 10 

uestions reported in Table 2 , plus two novel questions (Q4.1: On 
alpation? 

 the perforation of soft tissues? 

tion (e.g., resistance, click)? 

erent tissues (skin, compact bone tissue, spongy bone tissue)? 

l steps of the procedure? 

l errors that could occur during a real procedure? 

ocedure increased after training with the task trainer? 

 the procedure is reproduced? 

 use of the task trainer is for teaching the IO procedure? 

 use of the task trainer is for healthcare personnel in learning, improving, 
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Figure 2. (A) Participants’ professional expertise and perception of the most important features of an IO task trainer, and (B) mean scores obtained in response to the 10 

questions (Q) proposed in the questionnaire. 
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 scale from 1 to 7, how realistic do you consider the blood aspira-

ion process for verifying the correctness of the access?, and Q4.2: 

n a scale from 1 to 7, how important do you consider the pres-

nce of a system that simulates the presence of fluid in the bone 

atrix to verify the correctness of the access?) to evaluate the re- 

lism of the aspiration was proposed. 

The aspiration passage is crucial to verify the correctness of the 

ccess, as it is used to verify that the needle is in the bone marrow

avity and that blood flow is present. During these hands-on ses- 

ions, facilitators guided participants in selecting the appropriate 
4

eedle length based on soft tissue thickness, ensuring a structured 

earning approach. The questionnaire was proposed to 65 partic- 

pants (72% females, 26.8% males, 1.2% unspecified; mean age of 

2.3 years), who were all nurses and whose data regarding their 

rofessional expertise on the procedure and their perception of 

he most important aspects of a task trainer for the IO procedure 

re reported in Figure 4 A. This broad participation of nursing pro- 

essionals provided valuable insight into how such simulators can 

upport clinical preparedness and enhance real-world performance 

n emergency care. 
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Figure 3. (A) Exploded view of the second task trainer prototype featuring the disposable vial, and its use with manual drill (B, C), and with EZ-IO® (D, E). 
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As in the first validation, mean results regarding the evalua- 

ion section were obtained by averaging the responses, and the re- 

ults were satisfactory. Although the participants who completed 

he evaluation questionnaire for the second version were not the 

ame as those of the first, the mean level of expertise is compara- 
5

le. Therefore, it is reasonable to compare the results between the 

wo questionnaires. Figure 4 B shows the results, comparing them 

ith the previous ones. 

Although different from those in the first validation, the facilita- 

ors who guided the hands-on sessions also highly appreciated the 



M. Mencarelli, M. De Luca, L. Torzini et al. Clinical Simulation in Nursing 108 (2025) 101829

Figure 4. (A) Participants’ professional expertise and perception of the most important features of an IO task trainer, and (B) grouped column chart showing, on the right 

and in brighter color, the mean scores for the 13 questionnaire questions (Q) evaluating the second version of the task trainer. For comparison, the results for the first version 

are shown on the left and in lighter colors. 
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ask trainer’s ability to replicate multiple soft tissue thicknesses, 

ecognizing it as a key feature for improving trainees’ decision- 

aking and procedural accuracy. 

iscussion and conclusion 

Observing the results obtained after the validation of the sec- 

nd prototype, it is evident that the integration of a fluid simu- 

ation system has significantly improved the realism and training 

ffectiveness of the task trainer. The redesign aimed at address- 

ng key feedback from the first validation, particularly the need for 

 more authentic representation of the blood aspiration process. 
6

he introduction of a liquid cartridge provided an additional layer 

f realism without compromising the overall simplicity and cost- 

ffectiveness of the model. 

Quantitative results from the second validation phase demon- 

trate a general increase in user satisfaction across all evalu- 

ted aspects. The mean scores for tactile feedback (Q1 and Q2) 

nd transition between different tissue layers (Q4) all showed 

otable improvements compared to the first version. Also, the 

sefulness of the task trainer based on the perception of the 

rainee (Q6 and Q7) was higher than in the first version. Addition- 

lly, the two new questions (Q4.1 and Q4.2) introduced to assess 

he importance and effectiveness of the fluid simulation system 
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v  
ielded high scores, further supporting its relevance in training 

cenarios. 

The realism of procedural difficulty (Q8) increased but remains 

he aspect with the lowest score (5.6 out of 7). This is not to be

onsidered a limitation of the task trainer itself, but rather a reflec- 

ion of the nature of the IO procedure. In technical terms, IO access 

s a relatively simple procedure: what makes it challenging is not 

ts execution but the high-pressure emergency context in which it 

s performed. The stress, urgency, and critical condition of the pa- 

ient contribute significantly to the perceived difficulty, elements 

hat are inherently difficult to replicate in a simulated setting. 

Beyond numerical results, qualitative feedback from medical ex- 

erts and trainees highlighted greater confidence in performing the 

O procedure after using the second version of the task trainer. The 

bility to verify correct needle placement through aspiration was 

articularly appreciated, as it mirrors the real clinical workflow 

ore closely. Moreover, the second prototype retained the advan- 

ages of the first version, including modularity, affordability, and 

ase of use. 

One of the major strengths of the developed task trainer lies in 

ts cost-effectiveness. The production cost of each disposable car- 

ridge remains below €10, making it a highly accessible alterna- 

ive compared to commercial solutions. Additionally, the ability to 

euse the base and the straightforward fabrication process further 

ontribute to the trainer’s economic sustainability. 

Despite these improvements, some limitations remain. The 

odel does not fully replicate the variability in bone density en- 

ountered in pediatric patients, which could be an area for further 

efinement, as well as the anatomical shape of the proximal tibia. 

The task trainer proposed in this study offers an effective and 

calable solution for healthcare professionals. The positive feed- 

ack from users, combined with the demonstrable improvements 

n realism and usability, underscores the potential of such cost- 

ffective, high-realistic training tools in medical education. This is 

specially relevant for nurses, who often serve on the frontline of 

ediatric emergency response, and benefit from simulation tools 

hat combine realism with procedural clarity. 
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