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Engineering advanced middle ear tissues: where biomimicry of
vibrating surfaces connects to optimal organ function
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Introduction: Hearing function occursvia vibrations, namely, via collection and transmission of sound waves. The anatomy of ear
tissues is perfectly tuned from nano-to-macro scale, so as to accomplish a fine hearing. Ear pathologies pose challenging applications
for micro-prosthetics in which biomaterial surfaces and biomaterial/tissue interfaces play key roles for device performance and
integration. This study is aimed at developing biomimetic tissue-engineered substitutes, using fabrication techniquesacting at
differentscale levels to overcome the drawbacks of current prostheses, such as extrusion or suboptimal performance.
Materials and Methods: Poly(ethylene oxide terephthalate)/poly(butylene terephthalate) (PEOT/PBT) copolymer scaffolds for
ossicular chain (OC) and tympanic membrane (TM) were producedvia different biofabrication techniques. TM scaffolds were
obtained combining electrospinning with additive manufacturing, thus leading to single, dual and triple scale PEOT/PBT structures,
with surface cues emulating the orientation of native TM collagen fibers, either radiate or circular!l. OC scaffolds were produced via
3D fiber deposition combined with fibrin hydrogel. The OC and TM scaffolds were cultured with human mesenchymal stromalcells
(hMSCs) under appropriate differentiation stimuli (osteogenic or regular growth media). Human TM keratinocytes (hTMKs) were
used to check epithelial cell interaction. Use of humancells for research was approved by Ethics boardsof local hospitals. Vibration
patterns of plain and cellularized scaffolds was assessed via Laser Doppler Vibrometry (LDV), on anatomic models. Direct acoustic
transmission measurements in the hearing frequency range (250-8.000 Hz) were performed usinga patented test apparatus.
Results and Discussion: PEOT/PBT OC scaffolds showed a supportive macrostructure with fiber diameter of 152414 ium and a
filling matrix of fibrin (fiber diameter 100 nm). In 1x1 um? microfiber areas, roughness Ra was 14.046.0 and Rq was 18.147.8. After
27 osteodifferentiation days, the obtained OC constructs showed good cellularity (2.5540.48 ug/sample), intense osteogenic antigen
expression, dense calcium matrix and high total calcium content (0.5620.12 g Ca?*/sample). Measured acoustic transmission of OC
constructs was superior to those of commercial prosthesesin titanium, compact bone and hydroxyapatite, with best performance
(10-15 dB gain) both at low and high frequencies (Figure1). Cellular material shifted the resonance frequency of plain scaffolds
towards those of devices usually implanted. Multiscale PEOT/PBT TM scaffolds were producedas electrospun mats (mesh thickness
95215 um,fiber diameter 2.0x0.6 jum) either plain, or with applied circular/radiate grid/s on its side/s (grid fiber diameter 352432
um). On TM scaffolds, hMSCs wereviable after 10 days and hTMKs adhered in 48 hr (Figure 2). Addition of hMSCS to single scale TM
scaffolds madeit vibration close to that of native TM. The presenceof grids caused vibration damping.
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Conclusion: When looking for biomimicry of middle ear devices, several parameters such as mass, shape, elasticity, composition,
micro and nanostructures must be balanced to achieve optimal performance under vibratory constrains.
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