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B.  Signal Analysis 

Each test produced four ECoG signals, one from each of 
the four actively recording channels. Signals were first pre-
processed with a 60-Hz notch filter and then examined in the 
time domain to observe activities within the somatosensory 
and motor cortices during heating and upon withdrawal. Fig. 
2 shows a typical ECoG signal set of a 25-second recording 
in each channel during a single thermal plantar test. The 
radiation was delivered to the left paw in this particular 
experiment. Peaks lasting two to three seconds consisting of 
low-frequency, high-amplitude activities, such as that seen 
occurring at approximately the 21

th
 s in Fig. 2, were 

observed in all channels for each heat test. This type of 
activity coincided with the recorded time stamp of paw 

withdrawal or tail flick, and is thus interpreted to be 
indicative of a pain response.  

The power spectra of the signals were used to analyze the 
activities across each brain rhythm during the response to the 
thermal nociception. In summary, a Fast Fourier Transform 
(FFT) was performed on three, 2-second segments of each 
ECoG signal across all channels. The baseline segment, the 
segment just prior to the withdrawal, and the peak activity 
segment were served as the control, heating phase, and the 
pain withdrawal segments, respectively. Power values 
obtained from FFT were grouped into the delta (0Å4 Hz), 
theta (4Å8 Hz), alpha (8Å12 Hz), beta (12Å30 Hz), and 
gamma (30Å100 Hz) frequency bands. The average power 
and standard error of the means for each of the five bands 
were calculated from the data collected from all four animals 
under the same experimental protocol and shown in Fig. 3. 

C.  Statistical Analysis 

Power spectra data were examined for the four recording 
channels in each of the five bands to identify areas of 
significant (p<0.05) changes in the neurophysiological 
signals for behaviors. Significant changes were tested by 
student¶V t-test to compare the mean of the obtained 
frequency bands in the three different segments. Activities in 
all frequencies across each channel produced no significant 
changes between the baseline and heating phase signals in 
any of the three thermal stimulation areas. However, 
significant changes in the delta rhythms of the withdrawal-
segment signals were found compared to both baseline and 
heating segments, for all channels in the left and right paws 
but not in the tail (Table I). Significant differences were 
observed in low frequency (delta and theta) and high bands 
(gamma). However, only delta rhythms are shown in this 
paper  since  no  other  frequency  bands produced consistent  

TABLE I.  POWER SPECTRA COMPARISON OF DELTA RHYTHM       

M1L: motor cortex left; M1R: motor cortex right; S1HL: somatosensory 
left; S1HR: somatosensory right. P-value was compared to 0.05. The bold-

font numbers demonstrate the significant differences.  

Calculated  

p-value 
Delta Rhythm 

Channel M1L M1R S1HL S1HR 

Baseline vs. Heating 

Left paw 0.29 0.37 0.53 0.80 

Right paw 0.14 0.54 0.74 0.53 

Tail 0.31 0.49 0.76 0.76 

Baseline vs. Withdrawal 

Left paw 0.04 0.03 <0.01 0.02 

Right paw <0.01 <0.01 <0.01 <0.01 

Tail 0.04 0.07 0.14 0.04 

Heating vs. Withdrawal 

Left paw 0.04 0.03 <0.01 0.03 

Right paw <0.01 <0.01 <0.01 <0.01 

Tail 0.04 0.09 0.17 0.11 

Fig. 3. Average power and standard error of the mean across five brain-

wave frequency bands in each recorded area in the brain. The noxious 

stimuli were applied in the (a) left paw, (b) right paw, and (c) tail of the 

animal. Four animals were included in each group.  

b) 

c) 

a) 
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statistical difference upon withdrawal for all cortices in 
either paw or the tail. 

IV. DISCUSSION 

This preliminary study compared the effects on brain 

wave patterns before and during subcutaneous thermal 

stimuli and demonstrated a distinct rise in the low-frequency 

activity. This occurred upon the sensation generated by 

noxious stimulation, possibly producing pain. A new method 

was introduced in this study involving the use of wireless 

electrocorticography to develop an experimental model 

capable of observing the effects of noxious stimuli upon 

awake, freely-behaving small animals. The wireless system 

grants an overwhelming convenience in acquiring the 

neurophysiological signals from both animal and potentially 

human subjects. In addition, it provides extra validity to the 

results, since the quantitative data can be further verified 

through coordinating the behavioral responses of the 

subjects. 

Low-frequency, high-amplitude activities were observed 

in the time domain for WKH� DQLPDO¶V� UHVSRQVHs to noxious 

stimuli. The thermal stimulus upon the plantar regions of 

both paws produced a significant increase in the delta 

activities during paw withdrawal. Activities remained 

constant across all brain rhythms during normal, baseline 

activity and the heating phase. This may indicate that 

although some level of nociception might be present, a 

significant alteration in cortical activity did not occur until 

the pain specifically reached a magnitude eliciting a 

purposeful reaction in animal behavior. Although rise in low-

frequency activity was also observed in thermal stimulus on 

the tail, no significance was found to occur in the 

somatosensory cortex from these trials. Whereas both paws 

were consistently planted firmly and easily withdrawn upon 

pain, the tail did not react as uniformly due to the variance in 

positioning between different rats across multiple trials. This 

may have contributed to the weaker responses of activities 

from the thermal stimulus on the tail. 

Overall, these findings indicate that ECoG can 
potentially serve as a potent means for studying nociception 
in controlled experiments. Future studies will employ a 
similar model to further explore the effects of thermal as well 
as mechanical and chemical stimuli in small animals. 

V. CONCLUSION 

Thermally induced noxious stimuli produced observable 

responses in the cortex of small freely-behaving animals with 

wirelessly recorded ECoG signals. The ECoG signals in the 

frequency domain indicated a sharp rise of power in the low-

frequency bands, particularly the delta rhythm, during the 

response to a noxious thermal stimulus, verified by 

behavioral observation. It is thus believed that the observed 

high-amplitude, low-frequency signals may be associated 

with the sensation of pain in the rat. The wearable wireless 

module provides a new experimental method to collect 

quantitative neurophysiological signals in vivo on awake, 

freely-behaving animals while behaviors can be recorded and 

correlated with the signals. Additional experiments will be 

needed to further analyze and affirm the details of the ECoG 

signals toward specific noxious stimuli.  
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