
Introduction
Stimulus-response behavior of the nociceptive system
provides essential information about possibly pathological
physiological properties. Development of paradigms to
measure those properties will help to obtain more insight
into the phenomena related to chronic pain.

In this research, the efficacy of generalized additive mixed-
effects modeling (GAMM) in analyzing multi-factor, multi-
level, semi-random data is explored to analyze nociceptive
evoked potentials (EPs) during psychophysical response
measurement with multiple threshold tracking (MTT).

In a clinical setting, GAMM provides an efficient
computational method for analyzing patient EPs, severely
decreasing the required amount of repeated measures for
significant results. In addition, GAMM is able to generate
patient-specific results and insight into the individual
differences from baseline.

For experimental observation of nociceptive processing, the
continuous variations of the psychophysical function and the
EP dependent on stimulus amplitude, number of pulses
(NOP), trial nr. and response are determined using GAMM.
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Conclusion
• GAMM is effective in reliably computing and

testing EPs in unbalanced low SNR EEG
measurements, such as during MTT.

• Coefficients of GAMM reflect behavior of the
nociceptive system with respect to stimuli.

• Further model validation and testing are required
to verify the computed effects.

Figure 1: Grand average over amplitudes with 
more than 200 trials (A) and the EP for the same 
values fitted by GAMM on all data, 4379 trials (B).

Figure 7: EP (Cz-Fz) | trial nr. Figure 8: EP (Cz-Fz) | NOP

Results
Exploratory results identify significant factors of
influence on the EP (𝑝𝑝 < 0.05):

• Amplitude positively modulates the P300.
• NOP positively modulates the P300.
• Trial nr. negatively modulates the P300.
• Response negatively modulates the N150 and

positively modulates the P300.
• Modulation of pre-stimulus activity by response

might be due to an inverted relation:
pre-trial activity modulates response.

• Modulation of pre-stimulus activity by trial nr.
might represent modulation of EEG background
activity.

Figure 9: Normalized coefficients and F-values (type III) from GAMM

Figure 4: The MTT-EP measurement setup.

Experiment
1. EEG is recorded on 12 subjects using a 64-channel cap and a 

high-end amplifier.
2. Subjects are stimulated with nociceptive cathodal intra-epidermal 

electro-cutaneous stimulation.
3. The stimulus amplitude and type are varied semi-randomly 

according to the MTT paradigm, such as depicted in Figure 2. 
Pulse width was set to 0.52 ms and inter-pulse interval to 5.0 ms.

4. After every stimulus, the subject indicates whether the stimulus 
was perceived using the response button.

Analysis
1. Psychometric function, including slope and threshold, is estimated 

from data using regression.
2. EEG data is corrected for EOG and separated into epochs.
3. Compute effects of stimulus parameters on EP (GAMM).
4. Filter coefficients to obtain the response for the frequencies of 

interest.

Figure 2: MTT during the 50 first trials of subject 1.

𝐸𝐸𝐸𝐸 𝑡𝑡 ~ 1 + 𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑁𝑁𝑁𝑁𝐸𝐸 + 𝑡𝑡𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑡𝑡𝑎𝑎𝑟𝑟𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟𝑎𝑎 + 𝑎𝑎𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎 𝑟𝑟𝑎𝑎𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑡𝑡 + 𝑁𝑁𝑁𝑁𝐸𝐸 𝑟𝑟𝑎𝑎𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑡𝑡 + 𝑡𝑡𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎 𝑟𝑟𝑎𝑎𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑡𝑡 + 𝑡𝑡𝑎𝑎𝑟𝑟𝑝𝑝𝑟𝑟𝑟𝑟𝑟𝑟𝑎𝑎 𝑟𝑟𝑎𝑎𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑡𝑡 + (1|𝑟𝑟𝑎𝑎𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑡𝑡) (GAMM)
Figure 3: Distribution of stimuli applied during experiment.

Figure 5: EP (Cz-Fz) | amplitude (mA) Figure 6: EP (Cz-Fz) | response
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