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Excellent XR images, very realistic for finding trajectory 
etc and visualising spread.

To ascertain constructive criticism and areas for 
improvement, there were questions about technical issues 
and problems encountered. There were 17 responses to this 
question, 3 of which were to indicate no technical issues. 
The most common reported problem was that the model had 
been used several times before, and there were wire paths 
left behind, which were impacting the tactile feedback and 
allowing the wire to fall into the previous tract.

Model had been used by earlier sessions therefore tracts 
were present that wires intended to want to fall into and 
the feel on the distal cortex was often lost.

Other comments with areas for improvement included 
the overlying lattice structure, making the radiograph 
appearance of the bone difficult to interpret, particularly 
when the elbow was bent into the position used for wire 
placement in the clinical setting. The bone was also reported 
as harder than the true feel of paediatric bone in response to 
K-wires. One participant reported the overlying silicone soft 
tissue sleeve was too mobile, which is particularly relevant 
as some surgeons would use a skin marker to identify 
anatomy, which would not be possible with the non-fixed 
skin mimic.

When asked if they would use this kind of simulation 
training again, 14 participants agreed that 3D model 

Figure 3:���3�K�R�W�R�J�U�D�S�K���R�I���‰�Q�D�O���P�R�G�H�O���S�R�V�W�S�U�R�G�X�F�W�L�R�Q��
(Antero-posterior)

Figure 4:���3�K�R�W�R�J�U�D�S�K���R�I���‰�Q�D�O���P�R�G�H�O���S�R�V�W�S�U�R�G�X�F�W�L�R�Q�����$�[�L�D�O��

Table 3: Simulation experience of participants

�/�R�Z���‰�G�H�O�L�W�\�����I�R�U���H�[�D�P�S�O�H�����E�R�[���W�U�D�L�Q�H�U7 (41.2%)

Arthroscopy simulator 15 (88.2%)

Sawbone workshop 16 (94.1%)

Cadaver or animal specimen 7 (41.2%)

Virtual reality 2 (11.8%)

3D printed models 3 (17.6%)
*Two responses not completed (n = 17).

Table 4:���3�D�U�W�L�F�L�S�D�Q�W���V�H�O�I���D�V�V�H�V�V�P�H�Q�W���R�I���F�R�Q�‰�G�H�Q�F�H��

Pre-teaching Post-teaching

�������1�R���F�R�Q�‰�G�H�Q�F�H��4 (21%) 0

2 5 (26%) 1 (5%)

3 4 (21%) 2 (10%)

4 1 (5%) 11 (58%)

�������9�H�U�\���F�R�Q�‰�G�H�Q�W��5 (26%) 5 (26%)

Table 5:���,�P�S�U�R�Y�H�P�H�Q�W���L�Q���V�H�O�I���F�R�Q�‰�G�H�Q�F�H���I�R�U���M�X�Q�L�R�U���D�Q�G��
senior trainees

Junior Senior P-value

�'�L�†�H�U�H�Q�F�H���L�Q���F�R�Q�‰�G�H�Q�F�H��
(mean, SD)

1.80 (0.92) 0.44 (0.73) 0.003

Table 6: Participant-reported rating of model realism

1 (Not realistic) 1 (5.3%) 

2 1 (5.3%)

3 8 (42.1%)

4 9 (47.4%)

5 (Very realistic) 0
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simulation would have a role in their future training. The 
participants who justified their responses cited a safe 
learning environment with the opportunity to acquire 
skills.

Yes. Great to practice technique in low stakes 
environment.

The theme of being useful for trainees who have had 
less exposure to the procedure was apparent, with 
acknowledgement of the other potential uses of 3D models 
outside the paediatric supracondylar scenario.

… for learning new procedures or gaining volume in 
procedures there is not much exposure to. Good for 
initial stages of training to expose trainees to cases and 
operations.

Discussion
Simulation-based education in surgery finds strong 
theoretical grounding in mastery learning, deliberate 
practice, and cognitive load theory (CLT). CLT suggests that 
learning is shaped by the limitations of working memory, 
with intrinsic load (IL) determined by task complexity and 
the learner’s expertise [15]. Recent work in simulation-
based education underscores how CLT and fidelity shape 
learning effectiveness. For instance, McLean et al. describe 
the importance of matching fidelity to learner stage and 
task complexity to enhance skill transfer by ensuring that 
both physical realism and user interface demands are 
appropriate [16].

At present, a common simulation tool is a synthetic 
‘Sawbones’ which has a texture and density like bone, but 
there is no interaction with the soft tissues. In reality, the 
challenge of surgery is the management of the overlying 
tissues and visualization of the wire trajectory despite the 
swollen and deformed envelope. The overlying lattice and 
skin-mimicking material give the additional advantage 
of disguising the previous participant’s performance, 
as earlier wire passes are hidden. Cadaver simulation is 
the gold standard for technical skills training, but it has 
significant financial and accessibility barriers. Despite 
costly challenges, cadaver simulation arguably offers 
value for money in the range of procedures that can 
be performed on a single specimen, such as K-wiring, 
open reduction and, particularly, exploration of the 
neurovascular anatomy. The 3D printed models provide 
an anatomically specific simulation alternative, which has 
been demonstrated to be useful in the training of trauma 
and orthopaedic registrars with the unique advantage 
of real-time radiographic assessment. The results 

demonstrate an overwhelmingly positive response to this 
style of simulation.

Previous work, by Long et al., has demonstrated the 
advantages of using a simulated model training for a 
group of orthopaedic residents in the United States. 
Comparison of training using a traditional wire navigation 
simulation training session was made to training using a 
new simulator model, designed to replicate the look and 
feel of navigating K-wires through soft tissue and bone, 
with the generation of a computer-based image mimicking 
intra-operative fluoroscopy. The outcomes assessed 
were the number of fluoroscopic images obtained during 
the residents’ cases performed in theatre and the wire 
spread at the level of the fracture. The group that had the 
additional training used significantly fewer fluoroscopic 
images and completed the procedure significantly quicker, 
but the wire spread at the level of the fracture was not 
improved. In summary, the outcomes were unchanged, but 
the time and radiation required to achieve them were both 
reduced [8].

Using the advanced 3D printing technologies, the 
model replicates the anatomical and biomechanical 
features of a paediatric elbow, resulting in a hands-on 
experience that closely mirrors real surgical scenarios, 
helping trainees to develop the surgical confidence to 
perform the procedure in appropriate clinical settings. 
Using the image intensifier adds to the realism of the 
simulation, including the associated requirement for 
personal protective equipment in the form of lead 
gowns. Altogether, this contributes to the psychological 
engagement and immersive experience; this type of 
multisensory integration simulation allows muscle 
memory and learned behaviour. The usefulness of training 
in the cognitive aspects of surgery has been described as a 
useful adjunct to traditional learning [17].

VR has been a growing area of simulation technology 
and is emerging in the field of high-acuity, low-occurrence 
procedures. Work by Groves et al. has shown VR technologies 
in trauma educational settings may be effective and 
considered as a cost-effective solution for training to 
supplement cadaveric-based courses through their work in 
comparing VR lower leg fasciotomy surgery training model 
and cadaveric training [16,18,19].

Our study has been designed as a proof-of-concept, 
aiming to demonstrate the feasibility and potential of the 
training model and is not able to evaluate all aspects of 
the use of this model in surgical training. Particularly, this 
approach can provide valuable insights into the potential 
of the training model for surgical education, but cannot 
be used to convincingly draw conclusions about the direct 
impact of the training method on patient outcomes. Patient 
outcomes, such as surgical success rates, complication rates 
and long-term prognosis, are influenced by various factors 
beyond the training method alone, and it is difficult to draw 
conclusions on the transfer of simulation skills to real-world 
performance.

Due to the nature of the model, there was no fracture 
present to reduce; therefore, the critical skill of closed 
reduction of supracondylar fractures is not demonstrated 

Table 7: Participant-reported rating of model usefulness

1 (Not useful) 0 

2 1 (5.3%)

3 3 (15.8%)

4 5 (26.3%)

5 (Very useful) 10 (52.6%)
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in this simulation model. For the senior trainee cohort, 
this makes the model too simple. A feature of any good 
simulation model is the ability to cover a range of surgical 
procedures and scenarios so that trainees can practice and 
master a diverse set of skills.

There are limitations in the study design, including 
the absence of a control group, the risk of model fatigue 
from repeated use and the lack of structures at risk, 
particularly the neurovascular structures, which limits 
the model fidelity. We recognize that measures of 
participant self-confidence can be interpreted variously, 
but justify their use in this proof-of-concept study 
alongside the use of more objective measures of technical 
proficiency.

Finally, this study design is not able to directly evaluate 
the effectiveness of the training received in terms of 
improving surgical skills or performance, but instead 
focuses on validating the model as a tool for education and 
understanding participants’ experiences and perceptions. 
Further work could assess the results of repeated 
assessments for trainees to evaluate if performance 
improves with this kind of training.

Conclusions
The successful development of 3D printed models for use in 
surgical training signifies an ongoing transition in the tools 
and methods used for training surgeons prior to facing the 
complexities of an operating theatre. By combining realism 
and low-risk training, trainees self-reported confidence 
levels can be improved, particularly amongst novice 
operators.

As a result of this proof-of-concept study, there is an 
opportunity for further refinement and improvements to 
be made, and at present, there is a significant financial cost 
associated with these novel 3D printed models, which may 
represent a barrier to their widespread use. However, 3D 
printing remains an exciting and innovative tool for use in 
training and preparation of trainee surgeons to enhance 
patient care and improve surgical outcomes.
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