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BACKGROUND

« Autologous nasoseptal cartilage grafts can correct nasal asymmetry
and deviation in rhinoplasty
 When there is limited autologous septal cartilage available (e.g.,
severe nasal deformations), options for reconstruction are limited
and carry drawbacks
« 3D-printed L-strut implants may provide a solution but their
mechanical strength is understudied
« Silk fibroin-gelatin (SFG), polycaprolactone (PCL), and
polylactide (PLA) are bioinks with potential to be used in
nasoseptal constructs
« Computational simulations can evaluate 3D-printed implant strength
and their potential to replace septal cartilage in septorhinoplasty.

Reconstruction Using Finite Element Analysis

RESULTS

Figure 2. Comparison of
Total Deformation of
Nasal Septal Cartilage
Graft, Silk-Fibroin Gelatin
(SFG), Polycaprolactone
(PCL), and Polylactide
(PLA) 3D Printed Solid
Implants.
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+ We tested each material strategically at the “keystone” region, a
critical location of nasal dorsum support
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« 90° lay-down angle between layers
« Regular cubic lattice design with cylindrical fibers.

MATERIAL PROPERTIES
« All materials assumed to observe isotropic behavior
« All materials were modeled assuming linear elastic behavior

Native Nasal Silk Fibroin- | Polycaprolactone | Polycaprolactone | Polylactide
Septal Cartilage | Gelatin (SFG) (PCL) Solid (PCL) Scaffold (PLA)

Young’s Modulus 1.702 6.049 159.9 99.37 1482
[MPa]

Poisson Ratio (v) 0.375 0.500 0.400 0.342 0.328

Density [kg/m?] 1100 - - 1130 1243

Table 1. Material properties of Nasal Septal Cartilage, Silk-Fibroin Gelatin (SFG), Polycaprolactone (PCL), and Polylactide (PLA).

FEA MODEL
FEA was performed using ANSYS Mechanical

Hexahedral mesh for solid and scaffold models

The boundary conditions included fixed supports at the proximal

faces of the dorsal and caudal limbs simulating fixation to the PPE

\__ Caudal limb:
fixed constraint
at maxillary crest

Figure 1: L-strut éﬂbmputer-Aided Design Solid and Scaffold Models and

Dimensions

and makxillary crest respectively

A 0.01 N unidirectional load was applied at 9 mm from the proximal
edge of the dorsal limb simulating the skin and subcutaneous tissue

exerting a daily force at the average “keystone” region

below any individual material’s yield stress
signifying potential to withstand a single daily
physiological force without permanent deformation.
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Material Maximum Total Maximum von-Mises
Deformation [mm| | Equivalent Stress [MPa]
Native Nasal Septal Cartilage | 4.685 x 10 0.001270
SOLID Silk-Fibroin Gelatin (SFG) 1.354 x 1073 0.001281
Polycaprolactone (PCL) 5.014 x 107 0.001265
Polylactide (PLA) 4918 x 10° 0.001283
Silk-Fibroin Gelatin (SFG) 5411 x 102 0.008079
SCAFFOLD
Polycaprolactone (PCL) 3.424 x 1073 0.008157
Polylactide (PLA) 2.165 x 104 0.008127

Table 2: Maximum Total Deformation and Maximum von-Mises Equivalent Stress
Results

DISCUSSION & IMPLICATIONS IN PRS

« 3D-printed solid SFG, PCL, and PLA and scaffold PCL and PLA
models demonstrated lower deformations compared to cartilage.

» Solid SFG balanced strength and flexibility.

 The maximum stress was below all materials’ yield stresses
suggesting their deformations are unlikely permanent under a
daily load.

* Our FEA models suggest that 3D-printed L-strut implants carry
promising mechanical strength.

« Solid SFG's results mimicked cartilage’s mechanical behavior.

« Scaffold SFG merits further optimization for potential use as
cartilage replacement.

» 3D-printed septal cartilage replacement implants potentially
enhances surgical management of patients with severe septal
deformations in select settings.
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