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INTRODUCTION: Ear compartment is highly 

variegated and histo-diverse. Owing to its peculiar 

and specialized anatomy enabling vibratory 

function, the optimal restoration of damaged ear 

tissues must take into account several features all 

the way from nano-to-macro scale level, which in 

this body setting more than in others, can be 

decisive for a satisfactory performance. There are 

relevant drawbacks in all these prosthetic devices, 

including extrusion and sub-optimal hearing. 

Tissue engineering has emerged as a potential 

strategy to restore ear tissues. However, 

considering the small size of its components and 

their subparts, nano/micro-fabrication techniques 

and nanotechnology can really make a difference 

to build hierarchical scaffolds. Some studies have 

recently investigated specific biomaterials and 

fabrication technologies for ear tissues, which 

could offer valuable alternatives to current bulk 

prostheses and tissue grafts in otologic surgery. 

Finally, biomaterials have started to play a role in 

generating 3D cancer models in vitro, useful to 

understand cancer biology and perform 

personalized therapeutic treatments.  

RESULTS & DISCUSSION: 3D fiber deposition 

(3DF) was used as an additive manufacturing 

technique to obtain ear bone replacements, such as 

outer auditory canal wall and ossicular chain 

substitutes, using poly(ethylene oxide 

terephthalate)/poly(butylene terephthalate) 

(PEOT/PBT) copolymer. These scaffolds were 

designed with the shape of currently implanted 

bulk prostheses and were cultured in vitro with 

human mesenchymal stromal cells entrapped in 

fibrin clots as a biological nanofibrous matrix. 

Ossicular scaffolds were downscaled up to 1:1 

versus current hydroxyapatite prostheses, leading 

to improved resolution of the 3D deposited 

surfaces. GMP-grade media were investigated to 

pre-validate these constructs for clinical 

application. Electrospinning was used in 

combination with 3DF to produce biomimetic 

PEOT/PBT scaffolds for eardrum replacement. 

Multiscale structures provided with over-

impressed patterning (radial, circular and reticular) 

were fabricated to mimic the collagen fiber 

arrangement of the native eardrum [1]. A tympanic 

bioreactor enabling a membranal deformation field 

under oscillatory motion was applied to induce 

collagen production and improve viability and 

penetration of cells within the electrospun matrix 

[2]. Epithelial cell engraftment was tested using 

human eardrum keratinocytes. Vibration patterns 

of plain and cellularized scaffolds was studied on 

anatomic models via Laser Doppler Vibrometry. 

Direct acoustic transmission measurements in the 

hearing frequency range (250-8000 Hz) showed 

that acoustic transmission of ossicular constructs 

was superior to those of commercial prostheses in 

titanium, compact bone and hydroxyapatite, with 

best performance (10-15 dB gain) both at low and 

high frequencies. Moreover, tympanic membrane 

scaffold vibration was influenced by fabrication 

parameters, thus suggesting potential to obtain a 

higher fidelity transmission. Piezoelectric 

nanoceramic/polyvinylidene fluoride (PVDF)-

based fibers were obtained via electrospinning 

aimed to replace the mechano-electric transduction 

function of the sensory inner ear cells in the 

cochlea [3]. The fibers were not ototoxic and their 

texture favored SHSY-5Y neural cell contact as 

well as induced pluripotent stem cell 

differentiation in vitro. Polyvinyl alcohol 

(PVA)/gelatin sponges were used to produce 

elastic cartilage of the auricle culturing stem cells 

in the tympanic bioreactor, and head & neck 

cancer 3D models, using primary squamous cell 

carcinoma cells, derived from patients.   

CONCLUSION: The combination of 3D printing 

and nanotechnologies can really impact the 

performance of novel ear prostheses through 

tailoring design and fabrication across different 

length scales. Scaffolds can tune cancer cell 

behaviour, leading to more reliable 3D in vitro 

models. 
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