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1. Introduction 

Hearing impairment and loss are widespread conditions 

that impact a significant portion of the global population, 

greatly diminishing both communication abilities and over-

all quality of life [1]. These auditory issues are most com-

monly associated dysfunctions within the cochlea of the 

inner ear [2-4]. Achieving non-destructive imaging of the 

cochlea’s internal structure with adequate spatial resolution 

remains a significant challenge. To address this, we suc-

cessfully conducted the first non-destructive terahertz (THz) 

imaging of a mouse cochlea using a THz near-field point 

source microscope capable of micro-scale resolution [5,6]. 

High-accuracy three-dimensional (3D) THz time-of-flight 

(ToF) imaging and reconstruction were also demonstrated. 

This advancement lays the groundwork for future medical 

diagnostic applications, particularly in the early detection 

and evaluation of hearing-related disorders. 

2. Method 

The methodology employed in this study for 3D te-

rahertz (THz) imaging and structural reconstruction of the 

cochlea involves three main stages: (1) two-dimensional 

(2D) data acquisition, (2) structural information extraction, 

and (3) 3D reconstruction. First, 2D time-domain THz im-

ages were obtained at various delay time points using a 

scanning point-source THz imaging system combined with 

the time-of-flight (ToF) technique. Second, an unsuper-

vised machine learning algorithm—k-means cluster-

ing—was applied to classify the 2D THz images into dis-

tinct subgroups, enabling the separation of structural and 

non-structural regions. Finally, using the extracted structur-

al data, a 3D point cloud was generated, and a 3D surface 

mesh was reconstructed through the Poisson surface recon-

struction method. This approach demonstrates high reliabil-

ity and flexibility, making it applicable to 3D reconstruc-

tion of a wide range of biological tissues. 

3. Results 

Fig. 1 shows the reconstructed 3D results, including 3D 

point cloud and surface mesh data. Fig. 1(a) and 1(b) show 

the 3D point cloud and surface mesh results, respectively. 

Fig. 1(c) shows a cross-sectional view of the 3D surface 

results shown in Fig. 1(b). The internal structure of the 

cochlea was easily and clearly observable, as indicated by 

the arrows in Figs. 1(b) and 1(c). Fig. 1(d) shows the bot-

tom view of the reconstructed 3D surface mesh cochlea. 

The results demonstrate that the interior and exterior fea-

tures of the cochlea can be successfully and clearly visual-

ized. 

4. Conclusions 

In this study, we successfully visualized the internal 

structure of a mouse cochlea using terahertz (THz) 

near-field imaging with a micrometer-scale point source 

generated by laser irradiation (~20 µm spot size). The 

cochlea was placed on a GaAs substrate for effective im-

aging. 2D THz time-domain images were captured at vari-

ous delay times, providing depth-resolved structural infor-

mation. By applying the time-of-flight (ToF) principle, 

temporal data were converted into depth profiles. Structural 

features were extracted using k-means clustering, enabling 

3D reconstruction through point cloud generation and 

Poisson surface meshing. This approach marks the first 3D 

THz imaging of cochlear structures and shows great poten-

tial for high-resolution imaging of biological tissues and 

early diagnosis of related diseases. Image analysis for 

achieving higher resolution and more detailed measurement 

results are presented. 
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Figure 1 3D point cloud and surface mesh reconstruction.  
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