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Introduction

With real-time data collection and analysis directly from the athlete's footwear, the new generation of
smart insoles offer a new way of thinking for those with sports enhancement needs through pressure
sensors, inertial measurement units, AI processor assistance, and antimicrobial 3D printed
customisation technology. Suitable for a variety of lifestyle scenarios such as basketball, football, golf,
running, hurdling and other sports. The insoles provide detailed insights into the foot's contact
patterns, balance and strength distribution, enabling personalised adjustments and targeted training
strategies. By integrating adaptive technology directly into the foot, smart insoles not only improve
athletic performance, but also prevent injuries and promote recovery through customised support and
feedback(Aroganam, Manivannan et al. 2019).

Fig. 1 .  Projected Market Growth of Athletic Insoles from 2023 to 2033
(Author own) 

Antimicrobial
surface

Sensor monitoring of the
middle level

Integration Complexity

Data Management and Privacy Protection

Durability and Reliability of Sensors and TENGs

Potential link contamination from composites of electronic components

IMU Sensors: These sensors track three-dimensional motion and orientation,
providing data on acceleration, rotation, and the force of gravity acting on the
athlete's foot. 
Pressure Sensors: Strategically placed throughout the insole, these sensors
measure the pressure exerted by the foot at various points, providing insight
into the distribution of loads and potential areas of pressure that could lead to
injury(Refai, van Beijnum et al. 2018). (Fig. 2)
Temperature and Humidity Sensors: These sensors monitor the microclimate
inside the shoe, providing data that can be used to assess comfort and the risk of
conditions conducive to bacterial growth, which can affect foot health.
Friction Nanogenerators (TENG): Integrated TENG utilises the energy
generated by the frictional interaction between the foot and the insole during
movement. This innovative approach provides a self-sustaining power source
for sensors, eliminating the need for batteries and enhancing the environmental
friendliness and usability of insoles(Lama, Yau et al. 2021). (Fig. 3)
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Improving sports performance and avoiding injuries are the biggest demands of athletes and everyday sports enthusiasts, and traditional sports shoes
mainly focus on protection and basic support, lacking active performance enhancement and precise biomechanical feedback. As a result, there is a
lack of smart insoles on the market that can keep up with the times to cope with the increasingly demanding market (Fig. 1).

Fig. 4 . Smart Insole Concept Map
Deconstruction(Samarentsis, Makris et al. 2022)

Fig. 3 . How TENGs work in insoles(Zheng, Dai et al. 2023)
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