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Abstract
Objective: To develop a patient-specific, tissue engineered nasal septal cartilage
graft.
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• Using the methods described above, we were able to successfully fabricate a
scaffold that matched the patient’s nasal septal defect in both size and shape.
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Design: Proof of concept study
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Methods: CT scans were converted into STereoLithography (STL) file format.
The subsequent STL files were transformed into 3D printable G-Code using the
Slic3r software. This allowed us to customize the parameters of our print and we
were able to choose a layer thickness of 0.1mm. A desktop 3D bioprinter (Allevi
2) was then used to construct the scaffold at a resolution of 200 microns.
Scaffolds were scanned using scanning electron microscopy (SEM) to reveal the
microstructure and porosity of the graft. Next, scaffolds with varying HA:PCL
ratios were tested biomechanically with a compression test. These scaffolds
were then seeded with mesenchymal stem cells and cultured with necessary
growth factors to promote chrondrocyte differentiation and maturation. After
culturing the graft in vitro, they were stained to confirm for cell adhesion.
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Conclusion: This serves as the first step in our goal to create patient-specific
tissue engineered nasal septal cartilage grafts
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Introduction
• Nasal septal perforations (NSP) are relatively common, affecting up to 0.9% of
the general population.1
• Treatment of NSPs is a challenging case for even the most skilled
reconstructive surgeons. Typically, the procedure involves placement of
an interpositional graft between bilateral mucoperichondrial advancement
flaps.
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• Mesenchymal stem cells were identified adhering to the graft structure

Discussion:
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Results: This method resulted in the production of a PCL scaffold that precisely
matched the patient's nasal septal defect, in both size and shape. Mesenchymal
stem cells were shown to have successful attachment to the scaffold.

• Biomechanical testing revealed a linear relationship to stiffness and HA:PCL
ratio
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• Electron microscopy demonstrated differences to the microstructure and
porosity of the graft between different ratios of HA to PCL

• Using the methods described above, we were able to successfully fabricate a
graft that matched the patient’s nasal septal defect in both size and shape
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Figure 1. (A) Microstructure of all ratios at low magnification. Hydroxyapatite (HA)
to Poly-caprolactone (PCL) samples (1:9, 3:7, 4:6, 6:4, 8:2) were imaged with a
scanning electron microscope at magnifications of 20 to 30x. Magnifications are listed
and ratios are listed as hyrdoxyapatite (HA) : poly-caprolactone
(PCL). (B) Microstructure of all ratios at high magnification. Hydroxyapatite (HA) to
poly-caprolactone (PCL) samples (1:9, 3:7, 4:6, 6:4, 8:2) were imaged with a scanning
electron microscope at magnifications of 500x and 1000x. Magnifications are listed
and ratios are listed as HA:PCL.

• Scaffolds with a ratio of 7:3 HA:PCL were found to have the most ideal
microstructure and stiffness to serve as the foundation of our tissue
engineered graft
• After seeding with human adult MSCs, scaffolds were stained and revealed
successful cell adhesion

Conclusion:

• This serves as the first step in our goal to create patient-specific tissue
engineered nasal septal cartilage grafts

• Although solid cartilage is ideal, many patients lack sufficient amounts of
septal cartilage to use for repair.

• We are currently developing the protocol for implantation of this graft into an
animal model.

• With this in mind, we aim to generate custom tissue engineered cartilage
grafts for implantation during NSP repair. In addition, these grafts can also be
utilized for other scenarios where native cartilage may be in short supply, such
as revision rhinoplasty and Moh's reconstruction.
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Methods
• CT scans were obtained and converted to STereoLithography (STL) format
using CAVASS.
• STL files were transformed into 3D printable G-Code using the Slic3r
software.
• Customized parameters were chosen to best represent the nasal septal
perforation defect.

Figure 2. Stiffness of HA:PCL Ratios. The stiffness is listed in N/mm and the ratios
are represented by their concentration of HA (%). Trendline is shown and R2 value is
0.92.

F-actin (cell matrix)
DAPI (nucleus)
Acridine orange

1. Oberg, D., Akerlund, A., Johansson, L., & Bende, M. (2003). Prevalence of nasal
septal perforation: the Skovde population-based study. Rhinology, 41(2), 72-75.
2. Gadaleta, D., Lee, D. Z., Peng, M. W., Cruickshank, N., Shinde, R., Hong, A., ... &
Rajapakse, C. S. (2018, March). Fabrication of custom PCL scaffold for nasal septal
perforation repair. In Medical Imaging 2018: Imaging Informatics for Healthcare,
Research, and Applications (Vol. 10579, p. 1057908). International Society for
Optics and Photonics.

Contact

• A desktop 3D bioprinter (Allevi 2) was then used to construct the scaffold.
• Multiple scaffolds were creating using different ratios (m/m) of polycaprolactone (PCL) and hydroxyapatite (HA).
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• These scaffolds were analyzed under scanning electron microscopy for
adequate porosity and surface microstructure (fig 1) and tested mechanically
(fig 2) to ensure likeness to native cartilage stiffness
• Scaffolds were seeded with adult mesenchymal stem cells (MSCs) and
cultured in vitro in an appropriate growth medium.
• Following seeding, grafts were stained and imaged with confocal microscopy
to ensure proper cell adhesion (fig 3)
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Figure 3. Confocal image of seeded, PCL scaffold. A PCL scaffold was seeded with
human mesenchymal stems cells (MSCs) and imaged with confocal microscopy at 10x
magnification. The stains used are indicated. Image clearly demonstrates adhered
cells to the surface of the PCL scaffold.
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