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Event-Related Potentials have been found to be related to subjective experience of experimental pain. But how are they 

related to the subjective experience of clinical pain? The current study investigated the predictive value of the pain ERP for 

the subjective experience of clinical pain. Event-Related Potentials in response to experimental pain were measured in 75 

chronic low back pain sufferers. In addition a two-week registration was done of the amount of pain they experienced in 

daily life. The results demonstrate that the N2-component at Cz and C4 of painERP (contralateral to the side of the 

stimulation) were significant predictors of clinical pain, even stronger predictors that the accompanying subjective ratings of 

experimental pain. Thus, it seems promising to use Event-Related Potentials as a more objective measure to make predictions 

about a person‟s likely pain experience in daily life 

 

Keywords: Event-Related Potentials; Chronic pain; predictive value 

mailto:helen.vossen@gmail.com
mailto:j.vanos@sp.unimaas.nl
mailto:h.hermens@rrd.nl
mailto:r.lousberg@pn.unimaas.nl


2 

 

1.  Introduction 

Many experimental studies have been conducted in order to examine individual differences in the experience 

of pain. An important advantage of experimental laboratory studies is that the environment can be controlled 

and thus more specific conclusions can be drawn. Intensity, duration and location of a pain stimulus typically 

are under experimental control. However, an important issue in experimental laboratory research is the 

difficulty in generalizing the results to clinical practice. Furthermore, quantitative psychophysiological 

measures such as the peak amplitudes of Event-Related Potentials are even more difficult to translate to 

subjective pain experience. Although research has demonstrated that ERP‟s can serve as a more objective 

measurement of pain compared to subjective pain ratings [3,4,19] and evidence has been provided that 

specific peak components of the ERP significantly correlate with subjective ratings of pain [11], the question 

remains what exactly ERP measures tell us about the amount of pain that people experience in daily life. Can 

the pain ERP be used as a predictor for clinical pain?  

To our knowledge, no studies have been performed that attempted to answer these questions. 

However, there have been some studies in that demonstrated the predictive value of ERPs for other clinical 

outcomes. Kemp and colleagues [12] found that, in combination with personality and cognitive factors, the 

left-lateralized P150 could predict the severity of non-clinical depression. Also, specific components of the 

ERP have been found to predict awakening in coma patients [6]. Furthermore, selected ERP time segments 

across different electrodes have proven to contain signal features that discriminate Alzheimer patients from 

control subjects with high sensitivity and specificity [5]. 

The current study was designed to measure pain responses in both a laboratory setting and in daily 

life, in a sample of patients with chronic low back pain. The aim of the study was twofold. First, the relation 

between subjective ratings of experimental pain and subjective ratings of clinical pain was examined. Second, 

it was investigated to what degree cortical processing of experimental pain can predict clinical pain in daily 

life. The hypotheses were that i) a positive association exists between subjective ratings of experimental pain 

and clinical pain and ii) persons showing stronger pain processing in the experimental setting show higher 

pain ratings in daily life.  
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2.  Methods 

Approval has been obtained from the medical ethics committee of the Academic Hospital Maastricht, on January, 

6th, 2005. All subjects gave their verbal and written informed consent prior to the experiment. 

 

2.1  Subjects  

Seventy-seven subjects with chronic non-specific low back pain were included. Chronic low back pain was 

specifically chosen since this is a highly prevalent chronic pain problem which is a clear recognizable 

complaint for patients. The latter was especially important because the patients were drawn from the general 

population (via advertisements distributed door to door). They were required to have low back pain for at least 

six months with no other interfering pain complaints. The low back pain complaints concerned non-malignant 

chronic pain. Furthermore, they did not use any analgesics or psychoactive drugs.   

 

2.2  Stimuli 

The stimuli used in the experimental part of the study were electrical pulses of ten milliseconds duration. 

These were administered intracutaneuously on the left middle finger. For each participant, five different 

intensities based on that participant‟s sensation and pain thresholds were administered. Of the five intensities, 

one was the pain threshold and the other four were defined relative to this pain threshold, namely -50%, -25%, 

+25% and +50% of the threshold range which was defined as the range between the sensation threshold and 

the pain threshold. The sensation threshold was determined by first administering stimuli at zero intensity and 

then gradually increasing the intensity until the stimuli were experienced consciously. Once experienced 

consciously (sensation threshold), stimuli were once again administered with an intensity that gradually 

increased from the sensation threshold until the stimuli were defined as painful by the participant (pain 

threshold). This procedure was repeated three times in order to generate a more reliable measurement.  

 

2.3  Rating paradigm 

The stimuli, described above, were presented using a rating paradigm
 
[2]. The paradigm consisted of 150 

stimuli. The five intensities mentioned above were presented semi-randomly. The inter-stimulus interval (ISI) 
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ranged from 9 to 11 seconds. Subjects were asked to rate the intensity of each stimulus on a Numeric Rating 

Scale (NRS) from 0 to 100, whereby 0 is no sensation and 100 is the most excruciating pain imaginable. The 

first stimulus of the paradigm was set at the pain threshold. As a reference, subjects were instructed that this 

intensity was „60‟.  

 

2.4  EEG recording 

All EEG recordings were conducted in an electrically- and sound-shielded cubicle (3*4 m
2
). Ag/AgCl 

electrodes were placed on Fz, Cz, Pz, C3, C4, T3 and T4 using the international 10-20 system [10]. 

Impedances were kept below 5 kΩ. A reference electrode was placed on each ear lobe. In order to control for 

possible vertical eye movements, an electro-oculogram (EOG) electrode was placed 1 centimeter under the 

midline of the right eye. A ground electrode was placed at Fpz. All electrodes were fixed using 10-20 

conductive paste.  Neuroscan 4.3 software was used for EEG recording. 

 

2.5  Personality 

Subjects were asked to complete the NEO Personality Inventory. The NEO-PI-R is based on a five-factor 

model of personality. The five personality factors measured are Neuroticism, Extraversion, Openness, 

Agreeableness and Conscientiousness. Validity and reliability measures of the NEO-PI-R are adequate [8]. 

 

2.6  Booklets 

In order to measure pain in daily life, subjects completed a daily questionnaire containing 4 questions 

concerning their pain complaints, during a two week period. Subjects were instructed to answer the questions 

before bedtime. The 4 questions were:   

(1) How much pain do you have at this moment? (pain), 

(2) How is your mood at this moment? (mood), 

(3) How much physical and mental effort did your activities cost today? (effort), 

(4) How much stress did you experience today? (stress). 
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These questions where assessed with Visual Analogue Scales measuring 100 mm. These 

scales have adequate reliability and validity [9,13] 

 

2.7  Procedure  

Before starting the experiment, subjects were informed about the purpose of the study. Subjects were told that 

they would undergo EEG-registration while they received electric shocks. After signing the informed consent 

form, subjects were asked to fill in the NEO-PI-R. Then, EEG electrodes were placed and the shock electrode 

was attached to the top of the left middle finger as described by Bromm and Meier [2]: a small opening in the 

upper layer of the skin was prepared using a dental gimlet. Care was taken that this procedure was not painful. 

In the prepared opening, a platinum electrode was placed and fixed with tape. Next, the sensation and pain 

threshold were determined and after that the Rating paradigm was initiated. After the experiment subjects 

returned home and started filling in the first booklet the day after the experiment.  

 

2.8  ERPs 

EEG was recorded with 1000 Hz sampling rate, using Neuroscan 4.3 software. Trials were selected from the 

continuous EEG, from 200 ms prior to the stimulus until 1500 ms post-stimulus. Data was offline filtered 

(bandpass 0-50Hz) and baseline-corrected. Trials with EOG activity exceeding +75mA and -75mA were 

excluded from the analyses.  

 

2.9  Statistical analyses 

Linear regressions were performed in which the mean pain score of the booklets rated over 14 days was used 

as dependent variable. The analyses were performed in three steps. First, significant covariates were 

determined. We hypothesized that the following covariates were of potential influence on the mean pain 

score: age, gender, mood, stress, effort (all measured from the booklets), duration of pain complaints and 

personality (five main factors: Neuroticism, Extraversion, Openness, Conscientiousness and Altruism). 

Second, the mean rating in response to experimental pain stimuli (NRS) was added as predictor of clinical 

pain. Third, in addition to the significant covariates, mean ERP peak amplitudes of the following components: 
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N1 (20-55msec), P1 (56-95msec), N2 (96-145msec), P2 (146-300msec) were tested as predictors of clinical 

pain. These components have been shown to be associated with the processing of stimulus intensity 

[3,4,11,21]. Only the mean ERP measures of the strongest intensity were used in the analyses. 

All statistical analyses were performed using SPSS 16.0 software. P-values ≤ 0.05 were 

considered statistically significant. For the analyses concerning the ERP measures, the p-value was 

corrected for multiple testing (0.05/3 = 0.017).  

 

3.  Results 

Seventy-seven subjects (35 men and 42 women) with chronic low back-pain were included in the analyses. 

The mean pain score collected over 14 days was computed based on valid ratings only (sum/(14-number of 

missing values)). More than 83% of the subjects did not have any missing data. The mean pain score was 

normally distributed with an overall mean of 38.9 (SD = 16.3). The mean age was 40.3 years (SD = 15.2). 

Mean duration of the low back-pain complaints was 12.2 years (SD = 11.9). Figure 1 shows the grand average 

of the response to the strongest pain intensity (50% above the pain threshold) at Cz. 

 

 

Fig. 1. Grand Average of the strongest pain intensity (50% above the pain threshold) at Cz. The Y axis represent amplitude in µV 

and the the x-axis represents time in milliseconds.  

 

First, covariates which significantly predicted the mean pain score were identified. A regression analysis with 

the mean clinical pain score as dependent variable and the list of covariates as independent variables (see 
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method section), showed that only stress (as reported in the booklets) and conscientiousness (one of the NEO-

PI-R scales) were significant predictors. Stress was positively associated with the clinical pain score (B=0.58, 

SE=0.13, p<0.001), indicating that a higher stress score was associated with higher clinical pain scores. 

Conscientiousness was also positively associated with clinical pain (B=0.29, SE=0.10, p=0.003). Subjects 

who were more conscientious reported higher levels of clinical pain. This model explained 30% of the total 

variance of the mean pain score. The other covariates did not significantly predict clinical pain score (all p-

values > 0.15).  

In order to test the first hypothesis, a regression with stress, conscientiousness and the mean NRS as 

predictors was tested. This model demonstrated that subjective ratings of experimental pain stimuli 

significantly predicted subsequent ratings of clinical pain (B = -0.23, SE = 0.11, p = 0.042). The Beta was 

negative, indicating that individuals with lower ratings of experimental pain reported stronger pain in daily-

life. This model explained 34% of the total variance of the mean pain score. Thus, hypothesis 1 was rejected.  

For the second hypothesis, the ERP measures were added instead of the subjective ratings of experimental 

pain. Separate models were tested for each ERP component (4), and locations were clustered: the central 

midline locations (Fz, Cz, Pz), the lateral locations (C3, C4, T3, T4) and the sensory motor cortex locations 

(C3, Cz, C4).  The results of the series of regression analyses yielded one specific significant model with 

significant ERP predictors. This model consisted of the psychological predictors in combination with the N2-

component at Cz and C4 (table 1). This model explained 37% of the total variance of the mean pain score, an 

increase of 7% compared to the model with only the covariates.  The two N2-components had directionally 

opposite B estimates, the B of the N2-component at Cz being negative and the B of the N2-component at C4 

being positive. Further analysis revealed that the two N2-components were only statistically significant when 

they were both in the model. This model explained 39% of the total variance of the mean pain score. 

Finally, the model with significant ERP measures was extended with the mean NRS score (table 2). 

This model revealed that the mean NRS was no longer a significant predictor of clinical pain when corrected 

for the cortical processing of experimental stimuli. The N2-components of Cz and C4, however, did remain 

statistically significant, indicating their effect was not reducible to other predictors.  
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          Table 1 Model with only ERP predictors. 

 

 

 

 

        

        Table 2 Model with ERP predictors and mean NRS. 

 

 

 

 

 

 

4.  Discussion 

The aim of the current study was to investigate whether Event-Related Potentials in response to experimental 

noxious stimuli predicted the level of clinical pain in daily life. The results demonstrated that this was the 

case.  

Since multiple factors influence the subjective experience of clinical pain, significant covariates were 

determined before the hypotheses were tested. Stress, which was also measured in daily life, was the covariate 

with the strongest association. Higher stress scores were associated with higher clinical pain ratings. This 

finding is in accordance with findings of previous studies [1,14]. Furthermore, the personality trait 

conscientiousness was also positively associated with ratings of clinical pain. Conscientiousness is a 

personality trait which is characterized by self discipline, carefulness, deliberation and need for achievement 

[8]. Subjects who were more conscientious reported more clinical pain. This is in agreement, to a degree, with 

an earlier study by Farman and colleagues [7], who demonstrated that chronic pain patients showed higher 

scores on the conscientiousness scale compared to pain free controls. All other hypothesized covariates were 

not associated with clinical pain ratings.  

Model Unstandardized Coefficients 

B                          Std. Error 

Sig. 

 
stress .668 .126 .000 

conscientiousness .256 .095 .009 

CzN2 -1.472 .508 .005 

C4N2 1.750 .675 .012 

Model Unstandardized Coefficients 

B                            Std. Error 

Sig. 

 
stress .671 .125 .000 

conscientiousness .270 .094 .005 

CzN2 -1.348 .508 .010 

C4N2 1.599 .673 .020 

mean NRS -.179 .111 .110 
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Subsequently, the association between subjective ratings of experimental pain (NRS) and ratings of 

clinical pain was tested. The results showed that, in combination with the two covariates, higher ratings of 

clinical pain were associated with lower ratings of experimental pain. This was not as hypothesized: 

subjective response to experimental pain and clinical pain co-vary in opposite rather than similar directions. A 

possible post-hoc explanation may be that persons experiencing higher levels of pain in daily life are “de-

sensitized” to experimental nociceptive stimuli.  

Next, the association between cortical processing of experimental pain and ratings of clinical pain was 

analyzed. Independent of the covariates stress and conscientiousness, the N2-component at Cz and C4 were 

significant predictors of the mean rating of clinical pain. The N2-component at Cz was negatively associated 

with clinical pain whereas the N2-component at C4 (which is contralateral to the side of stimulation) was 

positively associated with clinical pain. The fact that these components were only significant in the presence 

of each other suggests „suppression‟. Each of these two ERP measures may explain a small but unique part of 

the mean pain variance, and co-depend on each other in the model. The fact that these two measures have 

directionally opposite associations, is interesting since it was expected that a stronger N2-component was 

associated with more pain in daily-life (the more negative the N2-component the higher the mean pain score). 

This only holds true for the N2-component at Cz. The opposite was observed for the N2-component at C4, 

where more negative ERP amplitudes correspond with lower mean pain ratings. This suggests an association 

corresponding to pain reduction for the N2-component at C4 and one suggesting increase in pain for the N2-

componenent at Cz. The phenomenon of inhibitory and excitatory factors influencing the pain experience has 

been described earlier [20].  

Finally, analyses in which mean NRS as well as the ERP measures were included revealed that the 

ERP measures remained significant predictors whereas the subjective NRS did not. This finding suggests that 

ERP measures may be useful for prediction of chronic pain over-and-above subjective ratings, possibly 

because Event-Related Potentials are less vulnerable to bias and are multidimensional  measures (measuring 

more aspects of the processing of pain). 

This study has some limitations. First, pain in daily life was measured only once a day, at a fixed time. 

Perhaps multiple random measurements during the day, for example using momentary assessment technology 

[16], provides more detailed information about pain and its course during the day. Second, a possible 
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important covariate of daily pain ratings, which was not measured in this study, is the presence of a partner or 

spouse during the research interview. Research has revealed a significant pain augmenting influence of 

solicitous responses of spouses [15,18]. Including this covariate in the analyses could perhaps explain more 

error variance of mean pain score and have a positive effect on the explanatory capacity of the ERP measures. 

Finally, we performed 12 regression analyses in order to test the hypotheses related to ERP measures. P-

values were only corrected for the clusters of cranial locations. Perhaps this does not lower the type I error 

enough. However, a strict Bonferroni correction increases the type II error substantially, which could result in 

“throwing the child out with the bathwater” [17].  

This study demonstrates that the pain ERP measured in an experimental laboratory setting has 

predictive value for clinical pain in daily life. Although the contribution of the ERP measures to the 

explanation of the mean pain variance may be considered relatively small (7%), the fact that a significant 

contribution to pain in daily life up to two weeks later could be demonstrated may be considered remarkable. 

Thus, the two ERP components in questions may be investigated further for use as an objective measure to 

make predictions about a person‟s likely pain experience in daily life.  
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