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The future
“In the future… training and rehabilitation 
programmes will use wearable and simple imaging 
technologies to estimate tissue level biomechanics 
derived from personalised neuromusculoskeletal 
modelling in real-time in the real-world.
The future is not that far away.”

(Lloyd, 2021)



@biomechstu
s.a.mcerlain-naylor@lboro.ac.uk

Training load



@biomechstu
s.a.mcerlain-naylor@lboro.ac.uk

damage

load

Training load



@biomechstu
s.a.mcerlain-naylor@lboro.ac.uk

Training load

(Pizzolato et al., 2019)

damage

load



@biomechstu
s.a.mcerlain-naylor@lboro.ac.uk

damage

load

Training load

remodelling

(Pizzolato et al., 2019)



@biomechstu
s.a.mcerlain-naylor@lboro.ac.uk

damage

load

remodelling

Training load

(Pizzolato et al., 2019)



@biomechstu
s.a.mcerlain-naylor@lboro.ac.uk

load

remodelling

Training load

(Pizzolato et al., 2019)

damage



@biomechstu
s.a.mcerlain-naylor@lboro.ac.uk

load

remodelling

Training load

(Pizzolato et al., 2019)

damage



@biomechstu
s.a.mcerlain-naylor@lboro.ac.uk

Physiological / biomechanical load

(Vanrenterghem et al., 2017)
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(Vanrenterghem et al., 2017)
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GPS / GNSS
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Modified load vectors

PL = (𝐴𝐴𝐴𝐴𝐴𝑛𝑛−𝐴𝐴𝐴𝐴𝐴𝑛𝑛−1)2+(𝐴𝐴𝐴𝐴𝐴𝑛𝑛−𝐴𝐴𝐴𝐴𝐴𝑛𝑛−1)2+(𝐴𝐴𝐴𝐴𝐴𝑛𝑛−𝐴𝐴𝐴𝐴𝐴𝑛𝑛−1)2
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Sensor position
(McErlain-Naylor et al., 2021)
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Inertial measurement units (IMUs)
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(Hughes et al., 2021)



@biomechstu
s.a.mcerlain-naylor@lboro.ac.uk

Injury-research Readiness Level (IrRL) framework

(Preatoni et al., 2022)
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(Matijevich et al., 2019)

You go for a run down the street.

You feel the ground force on your feet.

You may think these reveal

The bone loads that you’ll feel,

But this thinking is just incomplete.

The force due to ground reaction

May be a stress fracture distraction.

Don’t assume force on shoe

To mean tibia load too

Since bone load’s mostly from muscle contraction.
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Can we predict it?

(Matijevich et al., 2020)
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(Pizzolato et al., 2020)
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(Uhlrich et al., 2022a)

@AntoineFalisse
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(Uhlrich et al., 2022a)@ScottUhlrich
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Consider the context

(Wylde et al., 2021)
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The future
“In the future… training and rehabilitation 
programmes will use wearable and simple imaging 
technologies to estimate tissue level biomechanics 
derived from personalised neuromusculoskeletal 
modelling in real-time in the real-world.
The future is not that far away.”

(Lloyd, 2021)
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