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Abstract

Objective: The development of proficient skills in surgical education is
essential. This paper realises ideal home practice models for enhancing
surgical skills, stitching and dissection, emphasizing that these low fidelity
models are realistic, cost-effective, accessible, enjoyable, and sustainable.
The discussion is supported by a review of the literature, insights from
courses, and anecdotal experiences.

Design: We investigated models for surgical training utilizing CT scans to
identify their advantages such as haptic and real time feedback as well as
practical application.

Results: Synthetic material does not compare to human tissue in the CT
scanner. The banana and tangerine compare favourably to human tissue
and offer real time haptics and feedback.

Conclusion: Organic models provide a cost-effective and sustainable
option for home-based surgical practice.
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Background

The educational paradigm in surgery is shifting towards
the integration of Simulation-Based Education (SBE) as a
supplementary, and in some cases, primary modality for
skill acquisition. This transition is especially pertinent in
surgery where, despite the diversity of specialisms, they all
share fundamental skill sets [6,7]. The evolution of surgical
simulation has been marked by a progression from low-
fidelity models such as benchtop suture kits and laparoscopic
boxes to high-fidelity, technologically advanced platforms,
including 3D printing and augmented reality [8]. These
advancements reflect an ongoing effort to address the
limitations of traditional training methods while enhancing
the educational experience for residents and students. A recent
review in the field of urology emphasizes the crucial role of
SBE in achieving proficiency, highlighting the emergence
of immersive simulation tools with real-time feedback as
essential [9]. There is also increasing discussion regarding
the ethical and financial barriers associated with cadaveric
and animal models [7]. We have previously addressed our
concerns about benchtop skills acquisition, as this does not
address the ergonomics of the standing surgeon and the
functional anatomy of the upper limb [10].

Parallel research has explored the effectiveness of
various suturing models (SM) in imparting basic surgical
skills (BSS) to trainees. Studies examining different SMs,
such as animal skin, commercial pads, and non-animal
tissue, have highlighted the importance of intrinsic model
characteristics—such as resistance, consistency, elasticity,
feedback, and challenge—in skill acquisition [11,12]. Most
commercially available suture pads are made of PTFE and
silicone-based products. A survey of different surgical
trainers, found a common theme regarding the ideal model:
the model should offer realistic haptics and, if anything,
be more difficult than the real scenario. The model should
simulate the environmental and ergonomic factors, such as
operating at depth and provide real-time haptics and feedback
that engages the operator, fostering motivation to improve.
Lastly, the models should be available, sustainable. Tactile
and responsive visual feedback, an essential component
of surgical training, is often absent in synthetic models,
further highlighting the necessity of exploring more realistic,
affordable alternatives like organic models.

Methods

We evaluated density differences different models using
Computed Tomography (CT) scanning. We compared
a standard silicon suture pad (type and origin) against
the tangerine / orange and the banana, our typically used
home models, against structures like the aorta and skin. To
ensure accuracy and comparability of our CT scan results,
a calibration test of the CT scanner, using a standardized
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Hounsfield units (HU) phantom, was used. This step was
crucial to account for potential variances between different
CT scanners and to establish a baseline for HU measurements
across all models.

Results
The banana compares will with aortic tissue (Figure 1)

The tangerine compares well with the structures of the
femoral canal (Figure 2)

The suture pad’s density was recorded at approximately
265HU (Figure 3), the banana skin a was recorded at a
maximum value of approximately 77HU, and the orange skin
at a maximum value of approximately 304HU.

Figure 1: Pane A and B showcase an axial CT scan of a banana.
Pane C and D showcase an axial CT scan of Aorta. The green arrows
illustrate the aortic wall.

Figure 2: Pane A and B showcase an axial CT scan of a tangerine.
Pane C and D showcase an axial CT scan of Femoral Area. This
showcases the similarity of the structure of the regions.
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We mapped the standard deviation of HU values within
each model to understand how uniformly density was
distributed and to identify any areas of significant deviation
from the reference tissue. This step was critical for evaluating
the realism of each model in terms of tissue simulation
(Figure 4)

Surgical educators were consulted to interpret the data in
the context of surgical training. Their feedback focused on
the relevance of the HU measurements to real-life surgical
scenarios and how well each model's density range prepares
trainees for handling human tissues.

Discussion

The choice of organic models was based on their unique
textures and the immediate feedback they provide. For
example, the banana offers a pliable yet resistant surface
that mimics the initial tissue penetration and resistance
encountered in real surgical scenarios [6], especially the

Figure 3: CT scan of a commercially available Suture Pad
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stitching arteries. The failure to rotate the needle cleanly
through the tissues is easily identified by skids and tears in
the banana skin.

The tangerine spills juice if the membranes are breached,
the separation of the skin from the flesh, the segments
from each other and then the skin from the segment, needs
increasing skill and dexterity with the dissecting scissors.
The appearance of juice, and maceration of the flesh offer
immediate feedback.

The organic models were selected not only for their ease
of access and cost-effectiveness but also because they provide
a diverse range of tactile experiences that closely mimic
various tissue types. We believe the ideal model must be
available, cost-effective, sustainable, reusable or recyclable,
and, most importantly, offer real-time feedback. The trainers
felt the models should be more challenging than real tissue to
encourage good tissue handling techniques [12].

Organic suture models offer better haptic feedback and
have been used in many disciplines [13,14]. Meat products,
although relevant have a limited shelf life compared to
vegetables [15] and may not be culturally acceptable. Training
on low fidelity models has been shown to be as effective as
training on high fidelity models [16].

The diagram in our study highlights the HU of different
tissues and the limitations of plastic models. Plastic models,
while useful for some basic skills, lack the variability and
feedback that organic models provide, which are critical
for effective learning. The real-time feedback from organic
models, such as the blackening of a banana and the juice of an
orange or tangerine when cutting or dissecting, indicates that
the user is in the wrong plane, providing immediate feedback
[5]. The shape and geometry of organic material challenge
the operator in all spatial domains, requiring an appreciation
of body habitus and the function of the upper limb [10].

One of the pivotal, but not surprising, findings from
our CT scan comparison is the variation in tissue density
across different organic models. We are drawn to those

Tangerine Skin

~40HU ~298HU
' Banana Skin Cortical Bone
SoftTissue ~130HU >1000 HU
30-45HU

Suturing Pad
250HU

Figure 4: Hounsfield Units Scale: Scale illustrating standard Hounsfield unit values compared to the results of our scanned models
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exhibiting lower density levels, such as the banana. This
characteristic renders the tissue less forgiving, necessitating
delicate and more deliberate handling by the trainee. Such
a trait is invaluable in surgical training as it mirrors the
intricacies involved in managing human tissue during critical
procedures [5]. A prime example highlighted in our study
is the application of these handling principles to the aorta,
especially in aortic dissection. The tissues are very friable and
not forgiving of poor needle rotation. Likewise, in corneal
transplant, irregular, poorly spaced interrupted sutures will
result in blurred vision [17]. Precision and care are imperative.
Low-fidelity models offer the nuanced understanding and
application of these principles that significantly elevate a
trainee's skill set and prepare them for the complexities of
real-world surgical scenarios [18].

The sensory feedback from these models, such as the tactile
feel of needle resistance or the visual cue from the banana's
oxidation, provides immediate and tangible reinforcement of
correct or incorrect technique, which is crucial for developing
muscle memory in surgical trainees [12].

Similarly, the tangerine model, with its unique structure,
allows for the practice of dissection in subtle planes. These
planes can be explored with dissecting scissors at various
levels: removal of the skin, removal of a segment, and then
removal of the segment skin to expose the flesh. The spilling
of juice indicates transgression of tissue planes

The immediate feedback provided by the organic models
offer direct learning benefits, encouraging trainees to correct
their technique in real-time, thereby accelerating the learning
process [19]. Self -controlled feedback has been found to be
more effective than externally controlled practice [20] with
self-directed practice schedules being more conducive to
learning [21,22]. The essence of a good learning model must
be that the operator can see when things are not correct; just
watching a video and using intestines of a pig does not enable
that learning [23].

Models do not have to mimic real anatomy or be
anatomically positioned. It is more important to define the
intended learning outcome (ILO) for the model or part of
the model. We believe this is summarized into two domains:
ergonomics (how to position the body, upper limb, and
instrument) and haptics (mimicking the feel of the tissue).
Both require knowledge of the different types of instruments
available for the task and proper instruction on how to hold
the instrument [24]. These fundamentals are appreciated in
sports and the acquisition of motor skills but are, we believe,
poorly applied to surgery. Martial arts is a good example. It
is called an art because it requires study, a growth mindset,
and a lifetime of mastery. Technique triumphs over speed and
power. In Karate, it is emphasized to practice the correctness
of every move and nuance until you cannot get it wrong. This
is true of surgery, but we should teach in this manner.
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Our methodology provides a rigorous, quantifiable basis
for evaluating and recommending surgical training models,
as evidenced by the HU density comparison of human tissue
and simple organic models. There is a striking similarity
in tissue density between our selected organic models and
human tissue, offering a promising avenue for realistic hands-
on practice and tools for education [8].

A noteworthy aspect of our training models is their
sustainability. This focus aligns with global efforts to reduce
waste and promote environmentally friendly practices in
medical training [19]. All the models described here are
organic and can even be eaten or used as compost following
their use.

Delegates who have practiced using these models report
that they become absorbed in the task, fuelled to improve their
skills. It is fun and challenging, fostering a growth mindset.
We have observed this at the successful walk-in skills labs
held at the annual general meetings of the Association of
Surgeons in Training in 2023, 2024 and 2025. (These were
sponsored by B. Braun, and the marketing ‘Can you feel it?’
and ‘It is in your hands’ was very apt).

Low fidelity models that offer immediate visual feedback,
encourage persistent practice, and foster self-directed
learning and mastery [24]. Intrinsic motivation and the
growth mindset, pivotal in sports psychology, with the drive
to perform an activity for its inherent satisfaction, are crucial
for maintaining long-term engagement and perseverance.
The thought process behind coaching and training in sports
is equally transferable to surgery. The growth mindset, the
belief that abilities can be developed through dedication and
hard work, fosters resilience, a habit of practice and a passion
for learning [19].

Conclusion

Our findings illuminate the potential of organic models
as valuable tools in the repertoire of surgical training. The
similarity in tissue density between these models and human
tissue, particularly those of lower density, accentuates the
importance of precision and care in surgical procedures. The
real-time feedback provided by these models, such as the
blackening of a banana and the juice of an orange or tangerine,
is essential for effective learning and skill refinement [5,19].
We believe these models challenge surgical techniques and
offer an opportunity to rethink the trainer-trainee paradigm
in surgery.
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