
Chronic pain and sleep impairments are often
closely associated. Sleep deprivation results
in increased pain perception and lower pain
thresholds. We recently developed a new
method to study nociceptive processing by
simultaneous tracking of nociceptive
detection thresholds (NDTs) and evoked
potentials (EPs) in response to intra-
epidermal electric stimuli. In this work, we
study whether we can use this method to
assess impaired nociceptive processing after
sleep deprivation in a cross-over study on 24
subjects.

OBJECTIVE

“Assess the sensitivity of tracked nociceptive
intra-epidermal detection thresholds and evoked
potentials to altered nociceptive processing
following sleep deprivation.”
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MATERIALS & METHODS

Participants & Design

A total of 24 healthy male participants (age 23-35,
BMI 18-32) were measured on two occasions: one
after a normal night of sleep (2 measurements) and
one after 24 hours of sleep deprivation (1
measurement). The order of the two occasions was
randomized among participants (Fig. 2).

Stimulation

Intra-epidermal electric stimuli were applied via an
array of 5 interconnected microneedles. Stimuli were
kept at less than twice the detection threshold for
preferential activation of Aδ fibers. Each stimulus
consisted of either 1 or 2 cathodic square wave
pulses, with an inter-pulse interval of 10 ms.

Tracking Nociceptive Detection Threshold (NDT)

Stimulus intensities (in mA) were determined by an
adaptive algorithm for tracking a time-variant NDT
(van den Berg, Doll et al. 2020). This algorithm kept
stimulus intensity at less than 2 x NDT, and centered
stimulus intensities around the NDT. The participant
response (detected or non-detected) and EEG were
recorded in response to every stimulus.

Evoked Potential (EP)

The scalp EEG was recorded on 32-channels
distributed according to the 10/20 system. The signal
was band-pass filtered from 0.1 to 40 Hz, and eye-
blink artefacts were removed using ICA. Epochs were
extracted from -0.5 to 1.0 seconds with respect to the
stimulus. The EP was estimated by averaging epochs
at Cz-M1M2 for single and double-pulse stimuli.

Analysis

Nociceptive detection thresholds were estimated
using logistic generalized linear mixed regression.
The effects of measurement number and sleep
deprivation on NDTs were statistically tested using a
z-test after linearizing the standard deviation using
the Delta method (Faraggi, Izikson et al. 2003). The
effects of measurement number and sleep deprivation
on EPs were statistically tested using a paired t-test at
the peak latency (390 ms).

RESULTS

Nociceptive Detection Threshold (NDT)

• Significantly lower NDT for single- and double-
pulse intra-epidermal stimuli after sleep
deprivation.

• No significant difference in NDT between both
control measurements.

Evoked Potential (EP)

• Significantly lower EP for single-pulse and intra-
epidermal stimuli after sleep deprivation.

• No significant difference in EP between both
control measurements.

CONCLUSIONS

Earlier studies showed that sleep deprivation results
in lower thermal sensory and pain thresholds and a
lower evoked potential (Ødegård, Omland et al. 2015,
Schuh-Hofer, Wodarski et al. 2013). This study
demonstrated lower detection thresholds of intra-
epidermal nerve fibers as well as decreased evoked
potentials after sleep deprivation. As no significant
differences were observed between both control
measurements, these alterations were likely induced
by the sleep deprivation.

These results suggest that simultaneous tracking of
nociceptive detection thresholds and evoked
potentials is useful to observe altered nociceptive
processing after sleep deprivation. Further studies
should assess whether we can also use this method
to monitor pain sensitivity in chronic pain patients.
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Figure 3: Nociceptive detection thresholds (NDTs) per stimulus type.
There was a significant difference in detection threshold between sleep
deprived and the first control measurement (p<.001) for single-pulse and
double-pulse stimuli.

Figure 1: Simultaneous measurement of the nociceptive detection threshold (NDT) and evoked
potential (EP), which is referred to as the NDT-EP method. In this method, we track the detection
probability and threshold of multiple stimulus types (e.g. with one and two pulses) using an adaptive
algorithm while acquiring EEG. Subsequently, we quantify the effect of stimulus properties on the
detection probability/threshold and EP. In this way, one might observe altered nociceptive processing
(e.g. in sleep deprivation) through a change in effect sizes.

Figure 4: Subject evoked potentials (EPs). There was a significantly
lower EP after sleep deprivation. On the background a boxplot is shown
indicating the median value, 1st and 3rd quantile and the maximum and
minimum value.

Figure 5: Grand average evoked potential waveforms in response to single-pulse (left) and double pulse (right) intra-epidermal stimuli at Cz-M1M2
during a first and a second control measurement (Control M1 and Control M2 respectively) and after 24 hours of sleep deprivation.

Figure 2: Cross-over study design. Participants were measured on two occasions at the Centre for
Human Drug Research in Leiden, the Netherlands: after 24 hours of sleep deprivation (1 measurement)
and after a normal night of sleep (2 measurements). The order of both occasions was randomized.
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