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Design and Development of a Cellular Laminoplasty Plate 
Saheed Ademuyiwa1, Gillian Pearce2 and Peter Zioupos1 

1 Department of Engineering, University of Hull, Kingston upon Hull HU6 7RX, UK 

2 Dr Gillian Pearce, College of Engineering and Physical Sciences, Aston University, Aston 
Triangle, Birmingham, B4 7ET, United Kingdom 

 

ABSTRACT 

Our research investigates the development and evaluation of cancellous-like laminoplasty plate designs, 
focusing on honeycomb structures with thicknesses of 0.4mm, 0.8mm, 1.0mm, and 1.2mm, as well as a 
solid design. Laminoplasty plates are essential in spinal surgery for stabilizing vertebrae and promoting 
bone healing. The study's objective was to evaluate the stiffness, strength, and flexibility of these designs 
under stress, which are crucial for both stability and adaptability within the spine's dynamic environment. 
Mechanical testing was conducted to determine the ultimate tensile strength (UTS) and flexibility of each 
design. The 0.4mm honeycomb design exhibited a UTS of 14.0±4.55 MPa and a strain of 0.131±0.0397 
highlighting its strength but limited mechanical support in highly dynamic spinal environments. Although, 
the 0.8mm and 1.0mm honeycomb designs showed balanced stiffness and strength with UTS values of 
12.57±3.58 MPa and 13.17±4.12 MPa, respectively, the 1.0mm design could withstand higher strains up to 
0.156±0.0456 before failure, making it ideal for dynamic spinal regions where adaptability is crucial. The 
1.2mm honeycomb design, despite its increased thickness, did not significantly outperform the 1.0mm 
design, indicating a potential limit to the benefits of increased thickness. The solid design, though less stiff 
than the honeycomb structure raised concerns about osteointegration and long-term bone healing. The 
results suggest that the 1.0mm honeycomb design offers the best balance between strength and flexibility, 
making it a promising candidate for laminoplasty applications. 

 

Keywords:  Laminoplasty Plate, Honeycomb Structure, Mechanical Properties, Spinal Surgery, 3D 
Printing, Design Optimization 

 

INTRODUCTION  

Laminectomy and laminoplasty are critical spinal surgeries aimed at relieving compression on the spinal 
cord or nerves due to conditions such as spinal stenosis, herniated discs or spinal tumours [2]. These 
procedures often involve removing or altering portions of the vertebral lamina to reduce pressure on the 
spinal cord thereby reducing neurological claudication, halting clinical deficits and promoting functional 
ambulation [3]. However, in some instances problems can arise involving destabilization of the spinal 
column, potentially leading to post-surgery complications [2,7]. Open laminectomies are the standard 
traditional treatment for relieving spinal cord or nerve root compression [5], while such procedures are 
effective, there may be limitations in terms of structural integrity because of the alterations in the 
biomechanics of the spinal column associated with the procedure [1]. Traditional metal implants are 
typically used to provide structural support, yet issues like stress shielding and poor osseointegration 
remain significant challenges potentially leading to poor long term surgical outcomes [6]. To ensure the 
stability and proper healing of the spine after these procedures, biomedical implants, such as plates, are 
often used to provide structural support and facilitate fusion. However, the challenge remains to develop 
spinal plates that offer both mechanical stability and flexibility to accommodate the dynamic nature of the 
spine while promoting osteointegration. 

This paper focuses on the design and mechanical testing of cellular laminoplasty plates with a honeycomb 
structure that mimics the flexibility and load distribution of bone tissue. Through 3D printing, prototypes 
were fabricated and tested for their mechanical properties, including ultimate tensile strength (UTS), to 
evaluate their suitability for clinical applications. The primary aim is to enhance patient outcomes by 
providing a plate that balances strength, flexibility, and biocompatibility 
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MATERIALS & METHODS 

Plate Design 

The study's core focus is the design of cellular hexagonal honeycomb structures using SolidWorks. The aim 
was to mimic the natural cancellous bone structure to optimize flexibility and mechanical support while 
promoting biological integration. Five designs were tested: honeycomb structures with thicknesses of 
0.4mm, 0.8mm, 1.0mm, 1.2mm, and a solid design. The geometric considerations were driven by ensuring 
anatomical fit and biomechanical performance. The figure 1 shows the laminectomy plate design using 
SolidWorks. 

 

 

Figure1: The Laminectomy plate design using SolidWorks 

 

3D Printing of Prototypes 

The CAD-AM process allowed for the creation of complex geometries that would be difficult to achieve 
using traditional manufacturing methods. Multiple prototypes were printed for testing and comparison. 
Mechanical testing was conducted to evaluate the structural integrity of the plates in tension and 
compression and FEA was performed (SolidWorks) to make predictions. The aim was to determine the 
plate’s capacity to withstand physiological loads while maintaining structural stability. 

The prototypes were printed using PLA polymer with a density of 1.24g/cm3 on an Ultimaker 2+ Extended 
printer. The 3D printing process was optimized to achieve a balance between mechanical integrity and 
lightweight design, utilizing a grid infill pattern at 20% density. The process settings, including a nozzle 
diameter of 0.4 mm and a printing temperature of 2000C, were carefully selected to maintain precision 
during the fabrication of the intricate honeycomb designs. 

 

Mechanical Testing 

Mechanical testing was conducted using a Universal Testing Machine (EZ50) to determine the stiffness, 
UTS, and Young’s modulus of each plate. Tensile tests were conducted to assess how the plates performed 
under simulated physiological loads. The aim was to compare experimental data with finite element 
simulations to ensure the designs met clinical standards for spinal implants. 
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Table1: The strain and the Ultimate tensile strength, UTS (MPa) 

Honeycomb size 
(mm) 

Ultimate Tensile Strength (MPa) Strain 

0.4 14.00 ± 4.55 0.131 ± 0.0397 

0.8 12.57 ± 3.58 0.128 ± 0.0375 

1.0 13.17 ± 4.12 0.156 ± 0.0456 

1.2 12.30 ± 3.68 0.116 ± 0.0336 

Solid 12.70 ± 3.58 0.163 ± 0.0474 

 

 

RESULTS AND DISCUSSION 

 

Experimental Findings 

The tensile strength testing of various laminoplasty plate designs, including honeycomb structures 
(0.4mm, 0.8mm, 1.0mm, and 1.2mm) and a solid design, revealed distinct mechanical properties in terms 
of strength, and flexibility. The 0.4mm honeycomb design demonstrated the highest stiffness and load 
bearing capacity, with a UTS of 14.0±4.55 MPa and a strain of 0.131±0.0397, making it ideal for high-load 
applications with minimal deformation but limited flexibility as shown in figures 2 and 3. Although, the 
0.8mm and 1.0mm honeycomb designs showed balanced stiffness and strength with UTS values of 
12.57±3.58 MPa and 13.17±4.12 MPa, respectively, the 1.0mm plate, had a higher load bearing capacity, 
and demonstrated increased strain tolerance (up to 0.156±0.0456) making it adaptable for dynamic spinal 
regions. The solid plate had the highest strain at failure (0.163±0.0474), and it was more flexible than the 
rest, but may be prone to stress shielding. 

 

 

 

Figure 2: Bar Chat representative of the strain for the Honeycomb Designs 
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Figure 3: Bar Chat representative of the UTS for the Honeycomb Designs 

 

Finite Element Analysis 

Finite element analysis was performed to simulate the mechanical behaviour of the plates under realistic 
loading conditions. In figure 4, the simulations showed that stress distribution was optimized in the 
honeycomb designs, particularly in the case of 1.0mm plate, which closely matched the experimental 
results. The stress concentration was well within acceptable limits for clinical applications, reinforcing the 
suitability of the 1.0mm design 

 

 

Figure 4: Simulated Load-Deformity curve for 1.0mm plate and Experimental curve 

 

The study demonstrated that honeycomb structures offer distinct mechanical advantages over traditional 
solid plates. The 1.0mm honeycomb design struck the optimal balance between mechanical strength and 
flexibility, essential for use in spinal surgery where the implant must support biomechanical loads while 
adapting to movement. The design also showed potential for promoting osteointegration due to its porous 
nature. Figure 5 shows the commercial plate in-situ and the design of a custom-made cellular body 3D 
printed plate with a honeycomb cellular structure.  
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Figure 5: Commercial plate [4] in-situ and our design of a custom-made cellular body 3D printed plate 
with a honeycomb cellular structure. 

 

While the study showed promising results for the 1.0mm design, further research is needed to explore its 
long-term biological performance, particularly in terms of bone growth and integration. Additionally, 
testing on a broader range of materials, including biocompatible metals and composites, could yield 
further improvements in the design's clinical viability. 

 

CONCLUSIONS  

Our research presents an approach to laminoplasty plate design by incorporating cellular honeycomb 
structures, which mimic the mechanical properties of natural bone. The results suggest that the 1.0mm 
honeycomb design offers the best combination of strength and flexibility, making it a strong candidate for 
future clinical application in spinal surgery. Further research will focus on long-term in-vivo testing and 
material enhancements to optimize osteointegration and mechanical performance.   
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The European Society of Biomechanics (ESB) was founded at a meeting of 20 scientists from 11 countries in Brussels on May 21, 1976. 

Biomechanics is defined as “The study of forces acting on and generated within a body and of the effects of these forces on the tissues, fluids or 

materials used for diagnosis, treatment or research purposes”. The primary goal of the ESB is “To encourage, foster, promote and develop 

research, progress and information concerning the science of Biomechanics”. 

https://esbiomech.org  
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products and equipment. This includes the full range of deformable aluminium crash test 
barriers, energy absorbers, crash test dummies, impactors, and test equipment. 

Our global customer base includes vehicle manufacturers and leading organisations including 
EuroNCAP, IIHS, NHTSA and ARAI, plus test facilities and proving grounds such as Horiba-Mira 
and Millbrook. Cellbond is driven by innovation, introducing product initiatives and new 
technologies through close collaboration with our customers. 

In 2023, we celebrated our 35-year anniversary, and in 2024, Cellbond Japan reached its 10-
year milestone, and Cellbond Korea was launched. 
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Oasys Ltd is the software house of Arup, a global firm of designers, consultants and experts 
dedicated to sustainable development. We have been working with the developers of LS-DYNA, 
for over thirty years, using the software for our own consulting work as well as distributing to 
clients in the UK, Europe, Asia, and North America. Our in-depth knowledge has enabled us to 
create the Oasys LS-DYNA Environment – tailored tools to prepare models, interpret results, 
and share solutions. They are at the leading edge of pre- and post-processing software and 
are used by LS-DYNA customers worldwide. Our suite of products plays a pivotal role in 
enabling our clients to deliver projects that might not otherwise be achievable without complex 
analysis. With operations globally, our team of experts’ support users to bring products and 
ideas to life.  

LS-DYNA Software | Oasys Suite 
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Altair is a global leader in computational intelligence that provides software and cloud solutions 
in simulation, high-performance computing (HPC), data analytics, and AI. Altair enables 
organizations across all industries to compete more effectively and drive smarter decisions in 
an increasingly connected world – all while creating a greener, more sustainable future. To 
learn more, please visit  

www.altair.com  

Since 2022, Altair Radioss - an industry-proven finite element analysis (FEA) dynamic 
simulation code – is available as open-source technology under the name OpenRadioss. To 
learn more visit 

www.openradioss.org 

 

JSOL supports industries with state-of-the-art simulation technology. Industries are facing 
intensified market competition, grappling with challenges that range from cost and quality to 
safety, environmental concerns, and reduced time-to-market. Recently, societal focus has 
shifted toward the policies and ethics of product development within companies, emphasizing 
not only product performance but also designs that prioritize safety and environmental 
considerations. To address these challenges, the role of CAE (Computer-Aided Engineering) in 
product development is becoming increasingly vital. JSOL offers a wide range of solutions in 
the CAE field, including software development, technical support, and consulting services.  

www.jsol-cae.com/en/ 
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