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The brittleness and poor fatigue resistance of hydroxyapatite (HA) are the major limitation of load-

bearing HA biomaterials.1 A fibrous version of HA has the potential to enhance the biomechanical and 

biological properties of HA-based biomaterials.2 Although the synthesis/growth of HA fibers have been 

extensively studied, their mechanical properties and underlying deformation mechanisms are 

considerably overlooked due to the difficulty of mechanical characterization of nanoscale objects. The 

way to describe the flexible behavior of HA fibers is mainly through the bent morphology and static 

microstructures, or based on macroscopic tensile testing for bulk measurements.3 Key issues that need to 

be addressed include: (1) Can the fibers be self-bent or is the bending phenomenon only an appearance 

of the growth process? (2) How will the fibers behave under large bending conditions? (3) Are the fibers 

bent elastically or plastically? These key issues call for a direct microscopy investigation of an 

individual HA fiber, especially at the nanoscale.  

 

However, experimentally identifying and characterizing the nanomechanical properties of a single HA 

fiber are rather challenging but potentially rewarding. Here, for the first time, we visualize the 

nanomechanical compressive responses of individual HA nanobelt using in situ transmission electron 

microscopy. Figure 1. a-c shows the experimental setup of the Nanofactory TEM holder and its 

corresponding images under TEM.  After being subjected to five continuous cycles of bending tests, the 

nanobelt is compressed to another two severe bending tests, as is shown in Figure 1. d-i. According to 

the traditional formula,4  

ε= r/(r + R)%,                                                                    [1] 

where R is the bending curvature and r is the radius of a nanobelt, the bending strains at different 

moments during the bending process of the nanobelt are marked as is indicated by purple color. In situ 

bending induced deformations in the nanobelt can spontaneously return to its original shape after severe 

deformations of approximately 180° with the bending strain 57.9%. High surface area-to-volume ratios 

and multi-layered structures in HA nanobelt makes dislocation slip in this bioceramic material available 

and contributes to the stress distribution during bending. This study provides important insights into the 

design of HA nanobelt reinforcements for biomedical applications as well as the mechanical behavior of 

ceramic materials at the nanoscale. 
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Figure 1. (a) Illustration of the experimental setup used for in situ nanomechanical measurements, (b) W 

tip contacting a HA nanobelt inside TEM, (c) An enlarged TEM image of the contact area in (b) with the 

tip penetrated inside the nanobelt, and (d-j) Sequential morphological and structural evolution of the HA 

nanobelt under two severe bending cycles.  


