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Abstract—Diabetic foot ulcers represent a critical medical
challenge, requiring effective orthotic solutions to alleviate
pressure and promote healing. This study explores the design and
optimization of six lattice structures fabricated via additive
manufacturing, aimed at improving the mechanical properties of
orthotic insoles, in support towards diabetic ulcer patients at
Chulalongkorn Hospital. Using Fusion 360, three distinct lattice
geometries were designed, categorized as Lattice “Hexagon,”
“Hourglass,” and “Spring.” Each design is differentiated by an
independent variable “Lattice Poisson Ratio.” Measurements
were made on the controls of the experiment (lattice density
gradients, force placed, and lattice dimensions). These 3 designs
are designed using 2 different printing devices: Bambu Slicer Lab
A1 0.4mm, and Original Prusa i3 Mk3 0.2mm QUALITY.
Numerical analyses of compressive stress-strain can determine
mechanical properties of the Poisson’s ratio conducted. Results
show significant variations in performance based on lattice
geometry and fabrication methods, providing actionable insights
for orthotic insole optimization. Further evaluation into the
extension of this study can be conducted regarding stress-strain
consistency, and vitally cracking and material durability.

Index Terms— Diabetic Foot Ulcers, Orthotic Devices, Lattice
Structures, Insoles, Fusion 360, Logger Pro, Poisson’s Ratio,
Instron Machine, Compressive Stress-Strain, Axial Strain,
Transverse Strain, Numerical Analysis.

I. INTRODUCTION
The increasing prevalence of diabetes has brought

attention to its severe complications, among which diabetic
foot ulcers stand out as a critical challenge. These ulcers not
only compromise patient mobility but also carry a high risk of
infection, potentially leading to amputation. As such, there is a
pressing need for innovative solutions to mitigate these risks.
Orthotic insoles have emerged as a key intervention, capable
of redistributing plantar pressure and alleviating strain on
ulcer-prone areas.

This study explores the integration of lattice structures in
orthotic insole design to address the mechanical challenges
posed by diabetic ulcers. Leveraging the precision and
versatility of additive manufacturing, this research investigates
how variations in lattice geometry and density can optimize

pressure redistribution. By examining different lattice
configurations and fabrication methods, the study aims to
provide actionable insights for enhancing orthotic
performance and improving patient outcomes.

II. BACKGROUND INFORMATION

A. Diabetic Foot Ulcers
Diabetic foot ulcers are among the most severe

complications associated with diabetes mellitus, affecting up
to 25% of patients during their lifetime. These ulcers
significantly impair quality of life and can lead to lower
extremity amputations if not properly managed. The primary
cause of these ulcers is elevated plantar pressure, often
exacerbated by neuropathy and peripheral arterial disease.
(Danko et al., 2023) Effective management strategies focus on
offloading pressure from ulcer-prone areas, with orthotic
insoles playing a crucial role. (Zoboli et al., 2024)

B. The Role of Orthotic Insoles
Orthotic insoles are widely used to distribute plantar

pressure and prevent ulceration. Traditional insoles are made
from materials such as ethylene-vinyl acetate (EVA), which
provide cushioning but lack tunable mechanical properties.
(Sterman et al., 2024) Advances in design and manufacturing
techniques have enabled the creation of customized insoles
that cater to the specific needs of diabetic patients. Lattice
structures offer significant advantages due to their ability to
provide both strength and flexibility, making them ideal for
redistributing pressure while maintaining support.

C. Lattice Structures in Biomedical Applications
Lattice structures are a class of porous materials

characterized by repeating unit cells. Their unique mechanical
properties, including high strength-to-weight ratio and energy
absorption capabilities, have made them a focus of research in
biomedical engineering. In orthotic applications, lattice
structures enable precise control over stiffness and flexibility,
which are critical for ensuring comfort and effectiveness.
(Sarinnapakorn et al., 2016)



D. Additive Manufacturing for Lattice Fabrication
Additive manufacturing (AM) technologies have

revolutionized the production of complex geometries,
including lattice structures. Fused deposition modeling
(FDM), a widely used AM technique, allows for the
fabrication of customized designs at relatively low cost. This
study utilizes two FDM slicers—Bambu Slicer and Prusa
Slicer—to fabricate lattice structures and compare their
performance. (Kanna and Bala Vaidhyanathan, 2024)

The choice of slicer software significantly impacts the
quality of the printed structure. Bambu Slicer is known for its
high-resolution capabilities and precise layer bonding, while
Prusa Slicer offers consistent performance but with potential
variations in resolution and wall thickness. By analyzing the
impact of these slicers on lattice performance, this research
aims to identify optimal fabrication methods for orthotic
insoles.

III. OPTIMIZATION PARAMETERS

There are 3 key variables considered through the process
of cutting down on optimizing material print, design and
property, when looking into this optimization process.

The following parameters determine the process that will
follow within the methodology:

1. Lattice Dimension/Layering & Density (3-layered
lattice structure)

2. Lattice Base-apex to Middle-apex Angle (μ)
3. Poisson’s Ratio Customization
4. Lattice Slicing/Printing Versions & Presets

A. Lattice Dimension/Layering & Density
When discovering the optimal dimensions needed for a

printed lattice cube, three consecutive tests were conducted.
These lattices will be laid horizontally so two faces of the
lattice cube will show the lattice structure pattern, whilst the
rest of the faces will remain blank or the aftermath of
scaffolded layers from the lattice designs. What faces will be
made will depend on the lattice location within our theoretical
orthotic, and the properties/strength of printing material or
accuracy.

Using Fusion 360 and the ‘Volumetric Lattice’ preset, I
designed a test module design, printing these test modules via
Prusa Slicer & the Prusa Original Prusa i3 Mk3 0.2mm
QUALITY, with a 90% printing speed. Initially, a 3 by 3-unit
lattice formation under a 20.000mm by 20.000mm dimensions
structure was printed, with no difference in printing of Density
0.250 defined from the volumetric lattice configurations

The negative comments surrounding this lattice came due to

the performativity of the lattice structures being too close
together, and additionally the set 0.250 density uniformly

distributed deemed impractical to distribute downward force.

I moved to a 3 by 3-unit lattice structure aligned with a
30.000mm by 30.000mm dimensional lattice structure, with
uniformity in lattice density assigned, but assigned at 0.210.

This optimization pushed further towards a more
performing lattice, as the spaced out 3 by 3-unit lattice
allowed the lattice patterns to be adequately spaced for
printing. What deemed a consistent struggle was the top layer
lattice row (3 by 1 length-width unit lattice row) would
perform adequate strain via uniform stress; however, the lower
lattice would not perform similar response, even with a lower
lattice density.

Hence, the final optimization consisted of separating each
lattice row (3 by 1 length-width) into 3 separate lattice
structures via Fusion 360, assigned with uniform density
per-row, but distinct densities between each other, and to be
merged within the slicing process. This optimization will
demonstrate a difference of strain response within the entirety
of the lattice due to this graduating layering, yet pertaining to
optimal spacing of the lattice pattern, yet sustaining a
deformation response over time.

Lastly, Figure 1c demonstrates the test unit lattice
separated into three layers, sustaining the top, middle and
bottom layers as 0.180, 0.230, & 0.280 Volumetric Lattice
Densities (following a gradient subsequence of 0.050 additive
per layer). Through this test, each individual lattice was able
to demonstrate strain with the superimposition of lattice
layers, however this signaled a change into the interval of
subsequent layering. I shifted this preset to an additive interval
of 0.0250.

B. Lattice Base-apex to Middle-apex Angle (Lattice BtM)
When looking at research focusing on the biomechanics of

lattice geometries, the relationship between the apex angles



and their capacity to endure compressive forces becomes a
significant factor. Alterations in lattice apex angles affect
strain distribution. These findings informed the design of three
distinct lattice structures: “Hexagonal,” “Spring,” and
“Hourglass.” By tuning the lattice base-apex to middle-apex
angles (BtM), this study seeks to optimize deformation
patterns under stress. These angles correlate directly to the
Poisson’s ratio and thus influence the lattice's capacity to
manage lateral and axial strains. Detailed specifications of the
angle and geometry will be defined in the Fabrication Process.

I had designed three different lattice structures in differing
lattice angles and based off these lattices to optimize a strain
response from these lattices. I had designed the ‘Hexagonal,’
‘Spring,’ and ‘Hourglass’ Lattices. Specifications in
dimension and altercation will be defined in the Methodology.

When looking into this discovery, the Poisson’s Ratio was
taken into consideration, into being able to optimize these
lattice angles and pattern in defining different Poisson’s
Ratios, to determine an exact performance deformation of
each shape. This angle will be classified using the symbol μ.
1) Poisson’s Ratio
The Poisson ratio, in the orthotic pursuit in this case, is the

fundamental material property defining the functionality styles
through overhead deformation. This ratio is defined from the
negative ratio between the change in lateral strain (transverse
contraction) and change in longitudinal strain (axial extension)
after an application of downward force on the lattice. (Nitta
and Yam, 2012)

This is calculated by the following equation:

𝑣 =−
𝑑ε

𝑡𝑟𝑎𝑛𝑠

𝑑ε
𝑎𝑥𝑖𝑎𝑙

where:
= Resultant Poisson’s Ratio𝑣

= Transverse Strain𝑑ε
𝑡𝑟𝑎𝑛𝑠

= Axial Strain𝑑ε
𝑎𝑥𝑖𝑎𝑙

In specific, the way in which these Poisson’s Ratio
determine how a lattice deforms, can be defined under
different Poisson’s Ratios:

1. Positive Poisson Ratio (ν > 0): Compression leads to
lateral expansion. In the context of foot soles, areas
with a positive Poisson ratio can help relieve pressure,
offering comfort in regions that experience regular
stress.

2. Negative Poisson Ratio (ν < 0): Compression results
in lateral contraction, which can be strategically used
in areas requiring greater support, such as around ulcer
regions to prevent excessive movement and strain.

3. Zero Poisson Ratio (ν ≈ 0): No lateral change occurs
during axial compression, maintaining the shape while
providing consistent support.

(BYJU'S, n.d.)

(Liu et al., 2020)
Pre-post displacement analysis is essential for ensuring

that the insole can accommodate natural foot movements
while providing necessary support. This analysis involves
measuring the Poisson ratio before and after deformation to
optimize the lattice structure for the specific biomechanical
needs via the patients. (Lempriere, 2024)

These Poisson’s Ratios will be calculated with the collated
changes in compression.

C. Filament Choice & Lattice Slicing/Printing Presets
One source of control for the exploration is the lattice

material pertaining as TPU Filament. Specifically, the TPU
Filament Model: 3D BAREfilament Flexible TPU Filament
1.75mm.
1) TPU Filament
Thermoplastic polyurethane (TPU) filament is a versatile,

flexible material known for its durability, elasticity, and
abrasion resistance. (Qi and Boyce, 2005) Its ability to
withstand stretching and compressive forces makes it ideal for
applications requiring resilience, such as lattices designed for
mechanical testing. TPU combines the strength of rigid
plastics with the flexibility of rubber, making it well-suited for
experiments involving Poisson ratio analysis, as it allows for
measurable deformation under axial and lateral stresses. (Perry
et al., 2022) Printing with TPU requires careful calibration, as
its flexible nature can lead to challenges like stringing or
inconsistent extrusion if settings are not optimized. A slower
print speed and precise filament retraction settings are
typically recommended for high-quality results. TPU's unique
properties make it particularly useful in fields such as
biomedical devices, automotive components, and research
focused on auxetic or deformable structures. (Aryabhat Darnal
et al., 2023)
2) Flexible TPU Filament
Flexible TPU (Thermoplastic Polyurethane) filament is a

durable, flexible, and weather-resistant material commonly
used in 3D printing. It offers excellent elasticity and resilience,
making it ideal for printing functional parts such as
remote-control wheels and other components requiring
flexibility. Compared to PLA, TPU is more heat-resistant and
can endure prolonged exposure to high temperatures without
deformation, making it suitable for applications like
automotive interiors. It is easy to print with minimal
shrinkage, does not require an enclosed printing environment,
and produces no unpleasant odors during extrusion. With a
printing diameter of 1.75mm ± 0.05mm, it is best printed at
temperatures between 190–220°C and a bed temperature of
0–50°C. Print speeds of 20–50mm/s are recommended,
depending on the printer's capabilities, for optimal results.
TPU is available in both opaque and transparent options,



offering versatility for different design needs. (Barefoot
Filament, 2024)

These lattices will be printed into two sets, to introduce the
parameter of specifying filament printing method. The two
sets of the Printing Presets I have chosen are the Bambu Slicer
Lab A1 0.4mm, and Original Prusa i3 Mk3 0.2mm QUALITY:
3) Bambu Slicer Lab A1 0.4mm
The Bambu Lab series, utilizing the Lab A1 0.4mm preset,

is tailored for high-speed and efficient 3D printing, making it a
strong candidate for rapid prototyping when looking to cut
costs of TPU Filament usage. The 0.4mm nozzle balances
speed and structural accuracy, enabling quick production of
large lattice arrays where overall integrity matters more than
fine details. Its CoreXY architecture minimizes vibrations
during fast movements, and features like automatic calibration
and multi-material compatibility enhance consistency and
versatility. (3D DISTRIBUTED, n.d.) Optimized for faster
build times, this preset is ideal for projects where testing of
multiple iterations is required in a short time. However, the
coarser layer height associated with this preset may slightly
compromise finer geometries, which could influence detailed
experimental outcomes, such as Poisson ratio measurements.
(James Biggar, 2024) The Bambu Lab printer’s cutting-edge
technology reflects a modern, efficiency-driven approach,
making it particularly suited for time-sensitive lattice
experiments.
4) Original Prusa i3 Mk3 0.2mm QUALITY
The Original Prusa i3 Mk3, paired with the 0.2mm

QUALITY preset, is renowned for its precision and reliability,
excelling in applications where intricate detail and surface
resolution are critical. This preset emphasizes higher
resolution through finer layer heights and slower print speeds,
making it ideal for capturing subtle features of lattice
structures. Prusa’s advanced features, including mesh bed
leveling and filament monitoring, ensure consistent, error-free
printing, even for detailed parts. (Prusa Research and Prusa,
2025) While print times are significantly longer compared to
the Bambu Slicer Lab A1, the resulting parts are of
research-grade quality, making this setup better suited for
applications that demand detailed validation of lattice
geometries and their behaviors under load. (ruiraptor, 2020)
The Prusa i3 Mk3 represents a precision-focused, traditional
approach to FDM printing, complementing the Bambu Lab by
offering superior quality for deeper structural analysis.

IV. METHODOLOGY

A. Lattice Design Process
Three distinct lattice structures were designed using Fusion

360, and the depiction of Lattice ’BtM’ angles identified that
differ the compressive nature of the geometry.

The geometries were fabricated in two batches: set {2, 3, 4}
using Bambu Slicer Lab A1 0.4mm, and set {10, 8, 9} using
Prusa Slicer, labeled sets respectively appealing to the order
shown in Figure 3 (‘Hexagonal,’ then ‘Spring,’ and then
‘Hourglass.’)
1) Lattice Layer Mesh Details
Using Fusion 360, I defined the respective volumetric

lattices through the ‘Volumetric Lattice’ under the Fusion 360:
Product Design Extension. Using the ‘Solidify’ option,
adjustments in the density slider will differ the respective
density layer increments for each layer {0.180, 0.205, 0.230}.

After defining the density, the thickness of the lattice
default will have been varied, and hence rescaling with the
‘Autoscaler’ tool will fit the 3 by 1 length-width for each
layer.

With the ‘Offset Function’, I will set upper and lower faces
on top and bottom of the lattice itself, offsetting with a Density
of 1.00, Blend Distance as minimal as possible (set
0.00001mm), in order to provide a printable layer for the
lattice structures to work around the construction of each
layer, and simulating upper and lower lattices of the insole.

These Lattices were then distributed via the ‘Mesh
Tessellation’ selection of Fusion 360 for these layers. Each
meshed body will be imported as .STL files to input into each
respective slicer. The details of each mesh defined are in
Figure 4a below.



B. Lattice Slice Process

These lattices are accumulated as Figure 4d from Fusion
360.

C. Full Lattice Printed Figures & Lattice Designs
Identification
Figure 5a shows the final models printed out.

(FIGURE 5a INCOMPLETE)
Post-print, these lattices were ‘eye-test’ identified in

macroscopic measurements, then widened deeply through
Logger Pro Graphical Analysis, serving as the preliminary for
the Practical Conduction.

Figure 5b presents the comparative strain responses for the
three-layered lattice structure when subjected to compressive
forces. The graph highlights distinct strain behaviors for each
layer—top, middle, and bottom—with varying lattice
densities. The top layer, optimized at 0.180 volumetric density,
demonstrates uniform strain absorption, while the middle and
bottom layers, with densities of 0.230 and 0.280 respectively,
show gradual increases in rigidity. This stratification ensures
pressure redistribution across the lattice, preventing localized
stress concentrations and enhancing insole durability. The
analysis validates the gradient density approach, illustrating
improved strain uniformity compared to non-gradient
configurations.

D. Instron Universal Testing Machine Setup
Below is the identification of machinery setup & specimen

visualization in setup:

This Instron Universal Testing Machine 68TM-50 has the
Compression Plate Preset, with 50kN Load Cell, and practical
run of approximately 90 seconds.



E. Graphical Analysis

F. Comparative of Parameter 3
Figure 7 illustrates the comparative stress-strain behavior

of lattices fabricated using Bambu Slicer and Prusa Slicer
under identical conditions. The data reveals that the
Prusa-printed lattices consistently exhibit smoother
stress-strain curves, indicative of more precise layer bonding
and structural uniformity. This enhanced performance is
especially apparent in the elastic deformation range, where
Prusa lattices demonstrate lower hysteresis, suggesting
superior energy efficiency during compression cycles.

In contrast, the Bambu-printed lattices, while adequate for
rapid prototyping, show higher variability in their stress-strain
responses. The observed inconsistencies, particularly in the
plastic deformation range, highlight the trade-offs between
faster printing speeds and reduced resolution. This variability
can affect the reliability of the lattice under sustained loading
conditions, making it less suitable for applications requiring
precise mechanical behavior.

Overall, the findings emphasize the critical role of slicing
presets in determining lattice performance. The Prusa Slicer’s
finer resolution ensures better mechanical consistency, making
it the preferred choice for detailed orthotic applications. These
insights provide a foundation for optimizing additive
manufacturing parameters to achieve targeted stress-strain
characteristics in lattice-based designs.

G. Prusa Models {10, 8, 9} Analysis

1) Model 10: Hexagonal Lattice (Figure 8a)
The stress-strain graph for Model 10 reveals a gradual

linear deformation phase, indicative of its high
strength-to-weight ratio. This behavior corresponds to a

near-zero Poisson’s ratio, meaning that the structure maintains
its shape in the perpendicular direction under uniaxial stress.
The elastic slope in the graph indicates significant rigidity,
with limited lateral deformation. This geometry is ideal for
distributing stress evenly, making it suitable for areas that
require structural stability and minimal deformation.

2) Model 8: Spring Lattice (Figure 8b)
The stress-strain graph for Model 8 demonstrates a

nonlinear behavior, characterized by a steep elastic slope
followed by a limited plateau region. This performance
reflects a near-zero Poisson’s ratio, where the lattice neither
expands nor contracts laterally under axial compression.
While the steep elastic slope highlights rigidity, the shorter
plateau indicates constrained energy absorption. This lattice is
best suited for applications where maintaining shape under
load is crucial but where energy dissipation is not a primary
requirement.

3) Model 9: Hourglass Lattice (Figure 8c)
The stress-strain graph for Model 9 exhibits a prolonged

plateau region, characteristic of its auxetic behavior with a
negative Poisson’s ratio. As the lattice is compressed, it
expands laterally, redistributing stress more effectively than
conventional materials. The delayed densification and
extended strain tolerance highlight its ability to absorb energy,
making it ideal for cushioning and impact resistance. This
unique combination of rigidity and flexibility is particularly
advantageous for providing support in ulcer-prone regions
while maintaining comfort.



H. Graphical Analysis of Axial-Lateral Compressive Strain
Ratio

I. Numerical Analysis & Poisson’s Ratio Calculations
For lattices with positive and zero Poisson’s ratios, axial

strain was calculated as:

𝑣 =−
𝑑ε

𝑡𝑟𝑎𝑛𝑠

𝑑ε
𝑎𝑥𝑖𝑎𝑙

=−
( ∆𝑋

𝑋 )

( ∆𝑌
𝑌 )

∆𝑋
𝑋 =

𝑋
0
−(𝑋

0
+𝑋)

(𝑋
0
+𝑋) )

where:
= Original Axial Measurement (values referenced in𝑋

0
Figure 5b)

= Result Axial Contraction (measured from Figure 9)𝑋

This equative process will also apply similarly to the ∆𝑌
𝑌

property

However, for Negative Poisson’s ratios:

𝑣 =−
𝑑ε

𝑡𝑟𝑎𝑛𝑠

𝑑ε
𝑎𝑥𝑖𝑎𝑙

∆𝑋
𝑋 =

𝑋
0
−(𝑋

0
−𝑋)

(𝑋
0
−𝑋) )

This negative sign refers to this difference: a negative
Poisson’s Ratio would need to define a contraction from the
original axial measurement (hence contracting with𝑋

0
𝑋

rather than being additive, which results as the Result Axial
Contraction ( ). (Dey, n.d.)𝑋

These Numerical Values are different from the Logger Pro
Depictions, as these values of incremental X and Y changes,
have been changed to be their absolute values, to show change
rather than directional change due to how Logger Pro has
measured lattice change.

1) Figure 10a: Hexagonal Lattice
The negative Poisson’s ratio observed in Figure 10a

highlights the auxetic nature of the hexagonal lattice. The
axial and lateral strain calculations confirm its ability to
expand laterally under axial compression, resulting in
improved energy absorption and stress redistribution. This
makes it suitable for high-impact applications where stability
and adaptability are required.

2) Figure 10b: Spring Lattice
Figure 10b reveals a near-zero Poisson’s ratio for the

spring lattice, indicating minimal lateral deformation during
axial compression. The calculated axial and lateral strains
align with the lattice’s limited energy absorption capabilities,
emphasizing its role in maintaining structural integrity without
significant deformation.

3) Figure 10c: Hourglass Lattice
The positive Poisson’s ratio in Figure 10c reflects

conventional material behavior. Axial and lateral strain
measurements demonstrate moderate energy absorption, with



the lattice contracting laterally under compression. This
characteristic makes it suitable for applications requiring a
balance between load bearing and stress dissipation.

Overall, Poisson’s ratio calculations provide critical
insights into the mechanical behavior of each lattice type,
validating their suitability for specific orthotic applications.

I. DISCUSSION

A. Comparative Analysis between Lattice Patterns
The study’s findings indicate that lattice geometry

significantly affects mechanical performance. Hexagonal
lattices provide superior uniformity in stress distribution,
spring lattices excel in energy absorption, and hourglass
lattices offer targeted support through auxetic behavior. These
distinctions underscore the importance of tailoring lattice
designs to specific orthotic requirements.

B. Stress-Strain Analysis
The stress-strain curves reveal critical insights into lattice

deformation under load. Gradient density configurations
demonstrate enhanced strain uniformity, reducing the risk of
localized stress failures. The comparison between slicing
presets further emphasizes the role of manufacturing precision
in achieving desired mechanical properties.

C. Poisson Ratio Ramifications
Tuning Poisson’s ratios enables customized deformation

behaviors, with positive ratios offering cushioning, zero ratios
providing stability, and negative ratios enhancing support.
This adaptability is crucial for addressing the diverse
biomechanical needs of diabetic patients.

D. Lattice Performativity
The study validates the effectiveness of gradient density

and apex angle modifications in optimizing lattice
performance. These innovations improve insole durability and
patient comfort, advancing the field of diabetic ulcer orthotics.

E. Printer Influence on Mechanical Properties
The comparison between Bambu and Prusa slicers

highlights the trade-offs between speed and precision. While
Bambu offers rapid prototyping, Prusa’s higher resolution
ensures research-grade accuracy, making it the preferred
choice for detailed lattice analysis.

II. CONCLUSION

This study demonstrates the potential of lattice structures
in optimizing orthotic insoles for diabetic ulcer management.
By leveraging advanced design and fabrication techniques, it
is possible to enhance mechanical properties, ensuring
effective pressure redistribution and support. Future research
should explore material durability and long-term performance
to further refine these innovations.
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