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Measuring osteoarthritis knee nociception using physiological and 

movement responses and a defined thermal stimulus: 

A proof-of-concept study.
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Mechanical loading of joints with osteoarthritis (OA) results in pain-related
functional impairment, altered joint mechanics and physiological nociceptor
interactions leading to an experience of pain (Syx et al., 2018). Current tools
to measure intervention efficacy are largely patient scores. Direct measures
of nociception are needed as an objective indicator (Chen et al., 2021).

AIM: To analyse whether integrated biomechanical and physiological sensor
datasets could display linked and quantifiable responses to a nociceptive
stimulus.
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Participants: 14 healthy volunteers were
consented to participate following ethical
approval. An additional 4 participants were
tested on a secondary protocol.

Task & Conditions: 5 movement and stationary
activities (Fig. 1, right) were performed under
control conditions or after a thermal pain
stimulus applied to their right knee (40 - 0˚, Fig.
2c, below).

Equipment & Measures: Inertial measurement
unit (IMU) and electromyography (EMG) sensors
were attached to the lower body (Fig 2b, below)
and synchronised with ground reaction force
(GRF) data. Galvanic skin response (GSR)
electrodes for skin temperature and
conductivity and photoplethysmography (PPG)
sensors for heart rate were attached to the
finger (Fig 2a, below) and manually
timestamped to the integrated system. Visual
Analogue Scale (VAS) scores were taken for each
activity.
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Figure 4 (Below): Thermal stimulation increased mean SC (Z = -3.3, P˂ 0.001), with SC and VAS
score differences between genders. Data observations on the secondary protocol reducing
motion artifact on the GSR sensor revealed maximum SC values increased by 52% (n=4) during
the test condition compared to control in a sit-to-stand test and 19% increase (n=2) in
Isokinetic Dynamometer flexion/extension resistance movements.
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Figure 5: CDA of sample
case study participant EDA
signal data. Trough-to-peak
analysis (n=9) showed
mean SCRs for the control
condition (M=2±1.2) was
significantly lower than
after thermal stimulation
(M=5.8±3.5, t(8) = -2.9, p =
0.0018).

We have demonstrated that physiological and biomechanical data can be linked and quantified
in response to a defined nociceptive stimulus (Fig. 3). Mean SC and SCR increased when the
thermal stimulus was applied (Fig. 4). Limited literature exists on GSR and EDA data outputs,
however, results are similar to Fujita et al. (2001) who used skin impedance electrodes in an OA
population. Higher values of SC were observed in male participants in comparison to females
for both conditions (Fig. 4), a factor known to have an impact in pain perception but yet to be
stablished (Strehle & Gray, 2013). Future work will select key features for nociceptive response
across OA patients facilitating development of wearable nociceptive sensors to measure
disease progression and treatment effectiveness.

Analysis: GSR signal pre-processing was conducted for electrodermal activity
(EDA) using MATLAB for statistical analysis on participant summary data, i.e.,
skin conductance (SC) and skin conductance response (SCR). Extra exploratory
analysis on a case study and secondary protocol were incorporated using
continuous decomposition analysis (CDA) (Benedek & Kaernbach, 2010) with
Ledalab and Isokinetic Dynamometer exercises.
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Figure 3 (Below): A) Demonstration data for stationary standing test with synchronised event
markers (red vertical lines) for thermal stimulation with corresponding GRF (Newtons, blue
line data) fluctuations and B) same test demonstrating synchronised EMG (microvolts, green
line data) within 0.5 seconds of stimuli.
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