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Purpose: Conditioned pain modulation (CPM) is most often assessed using self-report of 
pain. However, self-report of pain is not always available (eg in individuals with cognitive 
impairment) and is susceptible to report bias. In comparison, the facial expression of pain is 
more reflex-like and represents one of the most sensitive and specific non-verbal signals of 
pain. The aim of the present study was to investigate whether the facial expression of pain is 
sensitive enough to capture endogenous pain inhibition as elicited during CPM paradigms.
Patients and Methods: In total, 26 female participants took part in this study. Facial and 
verbal responses to phasic heat pain were assessed once while participants immersed their 
hand in a hot water bath and once without additional stimulation. Facial responses were 
analyzed using the Facial Action Coding System (FACS). Verbal responses were assessed 
using a Numerical Rating Scale (NRS).
Results: Pain-relevant facial responses as well as pain ratings to phasic heat pain were 
significantly reduced when participants simultaneously immersed their hand in a hot water 
bath compared to baseline. Thus, CPM effects could be demonstrated both on subjective as 
well as on facial responses. Moreover, CPM-induced changes in pain-relevant facial 
responses and in NRS ratings were significantly correlated.
Conclusion: The present study shows that facial expressions of pain are sensitive enough to 
capture CPM effects. Given the proven clinical usefulness of assessing CPM, the parallel 
assessment of verbal and facial CPM effects might be a promising approach with wider 
scope of applications. Further research in other demographic healthy participant and clinical 
cohorts is warranted.
Keywords: pain, CPM, conditioned pain modulation, facial expression, FACS

Introduction
The study of pain inhibition by use of the so-called conditioned pain modulation 
(CPM) paradigm has become a major focus of interest in clinical pain research. The 
CPM paradigm refers to an experimental procedure that examines the extent to 
which pain responses to phasic stimuli (test stimuli) are reduced by the concurrent 
application of a tonic stimulus (conditioning stimulus) applied to a remote area of 
the body. There does not exist one gold-standard CPM protocol, but there is much 
variability with regard to the mode of application of the “test” as well as the 
“conditioning” stimuli. Despite the methodological variability, greater reductions 
in pain responses are interpreted as greater endogenous pain inhibition. There is 
clear evidence that CPM responses are reduced in many chronic pain syndromes1,2 

such as chronic low back pain,3 irritable bowel syndrome4 chronic orofacial pain,5 

fibromyalgia,6 migraine7,8 and chronic tension-type headache,9 although it is still 
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not definitely established whether the chronic pain is con
sequence or cause of the changed CPM. Further studies 
addressed whether changes in CPM mediates or predicts 
anti-nociceptive effects of certain forms of pain 
management1,10–12 while others targeted the analgesic 
effects of certain drugs and alcohol.13–16 Based on these 
findings, there is growing interest to use CPM paradigms 
in clinical practice for pain diagnostics and mechanism- 
based treatment (eg to predict analgesic responses or the 
risk for developing postoperative pain).17,18 Given its 
potential clinical relevance, it is not surprising that non- 
pathological variations of CPM due to age19 sleep8,20 

personality,21 and sex22 have also been found to 
affect CPM.

Most of the studies have applied psychophysical pro
tocols, where changes in self-report ratings of the test 
stimulus are used as indicators of potential CPM effects. 
Relying solely on self-report ratings, however, limits the 
CPM assessment to vigilant and cognitively healthy indi
viduals. There are methodological alternatives, which do 
not require self-report ratings, with the nociceptive flexion 
reflex (NFR) being the most frequently used alternative 
method to assess CPM inhibition.23 Moreover, in a few 
recent studies, nociceptive brain potentials were also used 
as an alternative method for CPM inhibition.24–26 NFR and 
brain potentials can, however, only be elicited by very 
brief stimuli as produced by electrical current, short heat 
pulses and nasal gas puffs, that show little resemble to 
clinical pain states.

To widen the methodological scope of CPM protocols, 
the aim of the present study was to test – for the first 
time – whether behavioral pain responses may also show 
CPM inhibition. In contrast to NFR and brain potentials, 
behavioral responses have the advantage that they can be 
elicited using a wider range of pain stimuli of various 
length; and thus, by stimuli that might show greater resem
blance to clinical pain states. Facial responses to pain are 
the most prominent behavioral indicator of pain and they 
allow for fine-grained graduations both of clinical and 
experimental pain.27 In case of experimental pain, various 
modalities (heat, cold, pressure) and durations (phasic, 
tonic) can be used to reliably evoke facial activity.27 The 
question under study was whether CPM effects can be 
inferred by using facial responses as outcome measures. 
We expected similar CPM effects for facial and for verbal 
responses, although facial and verbal responses to pain 
have rarely been shown to be strictly coupled.28 Thus, 
the inhibitory effects on the facial responses were expected 

to be overlapping but yet independent from verbal 
responses. We created ideal conditions for this first test 
of a “facial CPM paradigm” by only studying women, 
which have been shown to facially express pain in 
a more fine-grained manner than men.29

Participants and Methods
Participants
We recruited 27 female participants (age: mean=24.1; 
SD=4.4) by bulletins put up throughout the campus of 
the University of Jena. Sample size calculation (GPower 
3.1) was based on previous studies14,30,31 and on our 
interest in “medium” effects that might be of clinical 
relevance (sample size calculation were conducted for 
80% power and 0.05 level of significance; resulting in 
the above mentioned N of 27 subjects). All participants 
underwent a screening to test for any psychiatric disorders 
using the German version of the Mini-International 
Neuropsychiatric Interview (MINI)32 and a semi- 
structured interview for recording past and current neuro
logical as well as psychiatric symptoms and disorders. 
Moreover, all participants were pain free and all partici
pants were right-handed. The present experiment was part 
of a larger study on the effect of tryptophan depletion on 
cognitive performances, brain activation and pain.33 Data 
of the present experiment were assessed during the phar
macological control condition. The study complied with 
the Declaration of Helsinki. Informed written consent was 
obtained in accordance with the protocols approved by the 
Ethics Committee of the University of Jena and all parti
cipants received monetary compensation. All participants 
were blind to the study hypothesis. The individual in 
Figure 1 provided informed consent for her photos to be 
published.

Design
The testing took place at the Department of Psychosomatic 
Medicine and Psychotherapy of the, University Hospital 
Jena. The experimental procedure used to assess CPM 
effects was divided into three blocks (see Figure 2). In 
the first block, the individual heat pain threshold was 
assessed. In blocks 2 and 3, phasic heat pain (tailored to 
the pain threshold) was applied once without (baseline 
block) and once with concurrent tonic heat pain stimula
tion (CPM block). Facial and verbal responses to the 
phasic and tonic pain stimulation were assessed (see 
Figure 2).
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AU 4

AU 6_7

AU 9_10

Figure 1 Examples of pain-relevant facial responses to the phasic heat pain (test stimuli) assessed during baseline block and the CPM block.

Figure 2 Graphical overview of the study protocol.
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Block 1: Heat Pain Thresholds
Thermal stimulation was applied on the tibia of the left 
leg (centrally in between knee and ankle) by a Peltier 
based contact stimulation device (Medoc, TSA-2001, 
Ramat Yishai, Israel) with a 30 mm * 30 mm contact 
thermode that was attached to the leg via an elastic 
bandage. Heat pain thresholds were determined using 
the method of limits. The temperature increased from 
35°C at a rate of 1°C/s and participants were asked to 
press a mouse button as soon as the temperature 
reached a level that was barely painful. Each time 
they pressed the button, the temperature returned to 
35°C (5°C/s) and the next trial started after an inter- 
stimulus interval of 9–11 seconds. Following two 
familiarization trials, there were four trials and the 
average of these trials was used to constitute the 
threshold estimate.

Block 2 and 3: Assessment of Conditioned Pain 
Modulation (CPM)
CPM was assessed with thermal stimuli as conditioning 
(hot water immersion) as well as test (thermode) stimulus. 
This kind of parallel combination of hot water immersion 
for conditioning stimulation and thermode application for 
test stimulation has been well established in our laboratory 
and shown robust inhibitory effects in several studies for 
psychophysical data.4,30,31

Test Stimuli 
The test stimuli were applied on the tibia of the left leg 
by the above described Peltier-based contact stimula
tion device. The intensities were tailored to the indivi
dual threshold (+3°C above threshold) to ensure that 
the stimulation would be perceived as painful but tol
erable. During each block, eight test stimuli were 
applied. The temperature increased from baseline 
(38°C) with a rate of 5°/s until it reached the target 
temperature, and remained at a plateau for 5s, before 
returning to baseline. A long and variable inter- 
stimulus interval (ISI) between 12 and 15s was used 
to prevent sensitization and to allow subjects to rate 
each stimulus. The eight test stimuli were first applied 
alone (block 2), and then in combination with the 
conditioning stimulus (block 3).

Conditioning Stimulus 
As a conditioning stimulus, we used tonic heat stimu
lation, which was realized by hand immersion in 

a circulation water bath (Witeg GmbH, WiseCircu 
WCB-22, Wertheim, Germany) containing water at 
a temperature of 46.5 °C. The participant immersed 
the right hand up to 2 cm above the wrist in this 
water bath. Water temperature was controlled with 
a thermostat, and the water was stirred with a force 
and suction pump to avoid layers of lower 
temperature around the hand. The immersion time of 
the hand into the water bath was as long as necessary 
to apply all eight test stimuli, which took around 4.5 
minutes (test stimuli started after 30 seconds of hand 
immersion).

Pain Responses
Self-Report Ratings
After the application of each test stimulus, participants 
were asked to verbally rate the perceived intensity using 
a numerical rating scale (NRS; 0–100). Participants were 
instructed that “0” corresponded to “no pain” and “100” to 
“extremely strong pain”, respectively. With regard to the 
conditioning stimulus, participants were asked at the 
beginning (after 10 seconds immersion time) as well as 
the end of hand immersion to verbally rate the pain inten
sity caused by water immersion on the same NRS (0–100).

Facial Pain Responses
The face of the participants was videotaped throughout 
blocks 2 and 3. The camera was located approximately 
2.0 m from the participant. In order to mark the plateau 
phase of the stimuli, a LED visible to the camera, but not 
to the participant, was lit concurrently with the test stimuli, 
starting when the target temperature was reached. During 
stimulation, participants were instructed not to talk and to 
look at a cross on the wall behind the camera to ensure that 
the face would always be recorded in an upright and 
frontal view.

Facial expressions were coded from the video record
ings using the Facial Action Coding System (FACS34), 
which is based on anatomical analysis of facial movements 
and distinguishes 44 different Action Units (AUs) pro
duced by single muscles or combinations of muscles. 
A certified FACS coder (qualified by passing an examina
tion given by the developers of the system), who was blind 
to the condition, identified the frequency and the intensity 
(5-point scale) of the different Action Units. In addition, 
10% of the video data was also coded by a second certified 
observer and interrater reliability (using the Ekman– 
Friesen formula34) was 0.81, which compares favorably 
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with other research in the FACS literature.35,36 A software 
designed for the analysis of observational data (the 
Observer Video-Pro; Noldus Information Technology) 
was used to segment the videos and to enter the FACS 
codes into a time-related database. Time segments of 7 s (5 
s of plateau + 2 s return to baseline) were selected for 
scoring. In total, 16 segments of phasic pain stimulation (8 
test stimuli x 2 blocks) were analyzed in each participant. 
For the purpose of necessary data reduction, we combined 
similar facial responses as has been done in preceding 
studies without any loss of information.36–39 Those com
binations include AU1_2, AU6_7, AU9_10 and 
AU25_26_27. The percentage of occurrence of each AU 
was calculated across the 16 segments of phasic pain 
stimulation and are shown in Figure 3 (AUs that were 
never scored are not displayed).

For further analyses, we focused only on pain-relevant 
AUs, which are based on a recent review article on facial 
expressions of pain27 and include AU4 (contraction of the 
eyebrows), AU6_7 (contraction of the muscles surround
ing the eyes), AU9_10 (nose wrinkle/upper lip raise) and 
AU 26_26_27 (opening of the mouth). As can be seen in 
Figure 2, these also were the most frequent AUs in the 
present study. AU-frequency and AU-intensity values for 

each of these pain-relevant AUs were combined (product 
terms) and then square root transformed, due to the fact 
that the values were not distributed normally 
(Kolmogorov–Smirnov p-values < 0.05).

Analyses
CPM effects on subjective and facial responses were ana
lyzed using analyses of variance with repeated measure
ments (comparing responses to the test stimuli in the 
baseline block vs CPM block; ANOVA for verbal 
responses, MANOVA for facial responses). Moreover, 
we used correlation analysis to assess whether there is an 
association between subjective and facial CPM effects. 
Analyses were conducted using SPSS 26 and findings 
were considered to be statistically significant at α<0.05.

Results
The average heat pain threshold was 45.01°C (SD 1.07). 
Given that the test stimuli were tailored to the individual 
pain threshold (+3°C above threshold (there was one par
ticipant where the temperature could only be increased 
+2.9°C due to the upper temperature limit of 50°C)), the 
average temperature of the test stimuli correspondingly 
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was 48.01 °C (SD 1.07°C) (intensities ranging from 45.6° 
C to 50.0°C).

The hot water immersion conditioning stimulus (stimu
lus intensity was set to 46.5°C) was rated as moderately 
painful (mean NRS rating of 61.6 (±26.9) at the beginning 
and 65.4 (±27.8) at the end (p<0.01 between ratings)). In 
order to ensure, that facial responses during the CPM 
paradigm (phasic heat) were not confounded by facial 
responses to the hot water immersion, we also inspected 
facial expressions occurring in response to the hot water 
immersion. Although facial expressions of pain were eli
cited by the hot water immersion, these facial responses 
were sparse and of low intensity and almost never (<3%) 
occurred right before the onset of the test stimulus (ther
mode) (3 seconds before start).

Conditioned Pain Modulation (CPM)
Self-Report Rating
As can be seen in Figure 4A, pain ratings of the phasic 
heat stimuli significantly decreased when participants 
simultaneously immersed their hand in a hot water bath 
compared to no concurrent pain stimulation (F(1,25)=6.31, 
p=0.019; effect size Cohen´s d: 0.73). Thus, we found 
a significant CPM effect of moderate effect size on pain 
ratings. To determine whether this CPM effect might 
depend on the individual test stimulus temperature, we 
correlated the CPM effect (change in the NRS scores) 
with the test stimulus temperature and found no significant 
association (r=0.287, p=0.155).

Facial Response
The MANOVA yielded a significant multivariate CPM 
effect (F(4,22)=3.15, p=0.034; effect size partial eta 
squared η2: 0.364). As can be seen in Figure 4B, facial 
responses to phasic heat pain significantly decreased when 
participants simultaneously immersed their hand in a hot 
water bath. As regards the univariate outcomes, we found 
significant CPM effects for contraction of the eyebrows 
(AU4; p=0.014; Cohen´s d: 0.76), contraction of the mus
cles surrounding the eyes (AU6_7; p=0.010; Cohen´s d: 
0.79) and lifting of the upper lip (AU9_10; p=0.018; 
Cohen´s d: 0.78), whereas no significant CPM effect was 
found for opening of the mouth (AU25_26_27; p=0.125; 
Cohen´s d: 0.44). Thus, we found significant CPM effects 
of moderate to large sizes inferred by 3 out of the 4 pain- 
relevant facial responses. Figure 1 gives an individual 
example of the CPM effects inferred by facial responses.

To determine whether the significant CPM effects 
might depend on the individual test stimulus temperature, 
we correlated the CPM effect (change in the pain-relevant 
composite AU score) with the test stimulus temperature 
and found no significant association (r=0.030, p=0.870).

In an additional step, we wanted to investigate whether 
the CPM effects on self-report ratings and on facial 
responses, respectively, are independent enough, so that 
they prevail even when controlling for the other type of 
response.

Self-Report (Covariate Facial Response)
When entering the CPM effect on pain-relevant facial 
responses (change in the pain-relevant composite score) 
as a covariate into the analysis of variance, no significant 
CPM effects on self-report ratings could be found 
(F=1,24)=0.635, p=0.433; effect size η2: 0.026 (small 
effect).

Pain-Relevant Facial Response (Covariate 
Self-Report)
When entering the CPM effect on self-report ratings 
(change in the NRS scores) as a covariate into the analysis 
of variance, the significant CPM effect on pain-relevant 
facial responses remained (F(1,24)=5.859, p=0.023; effect 
size η2: 0.202 (large effect)).

Correlation Between Self-Report and 
Facial CPM Effect
In a last step, we wanted to investigate whether there is an 
association between CPM effects on self-report ratings and 
on facial responses. Correlation analysis showed 
a positive, moderate association between CPM effects on 
self-report ratings and on pain-relevant facial responses 
(composite score) (r=0.449, p=0.021). As can be seen in 
Figure 5, greater CPM effects on self-report ratings were 
associated with greater CPM effects on pain-relevant facial 
responses.

Discussion
In the present study, CPM effects were for the first time 
documented by assessing the reactions to the test stimuli 
through recording facial responses and not – as typically 
done – by means of self-report. What was the reason for 
looking for such behavioral alternatives? The motivation 
of this endeavor was to develop a protocol that does not 
depend on the individual being vigilant, cognitively 
healthy and/or linguistically competent. The presented 
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AU4: contraction of the eyebrows; AU6_7: contraction of the muscles surrounding the eyes; 
AU9_10: nose wrinkle/ upper lip raise; AU 26_26_27: opening of the mouth
* indicates p<0.05, ns= not significant

Figure 4 CPM effect on self-report ratings (A) and on pain-relevant facial responses (B). Mean responses (and SD) are given for the baseline block and the CPM block. 
Note: *Indicates p<0.05, ns= not significant. 
Abbreviations: AU4, contraction of the eyebrows; AU6_7, contraction of the muscles surrounding the eyes; AU9_10, nose wrinkle/upper lip raise; AU 26_26_27, opening 
of the mouth.
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methodological modification allows for widening the 
scope of CPM applications to cases with altered or limited 
consciousness and vigilance, cognitive impairment, apha
sic problems and dementia. The available electrophysiolo
gical alternatives quantifying the modulatory CPM effect 
on the test stimulus by assessing nociceptive flexion 
reflexes23 or nociceptive brain potentials24–26 are limited 
to very brief stimuli with a very immediate onset that do 
not mirror most clinical pain states. The use of facial 
responses allows application of clinically more relevant 
stimuli and responses.

The inhibitory effects determined through recording 
the facial responses were statistically significant and 
were of comparable size as the inhibitory effects assessed 
by means of psychophysical parameters (ie NRS ratings) 
in the present study. The facial responses also clearly show 
the peculiarity of CPM inhibition, which leads – in most 
cases – to a reduction of pain indication although a second 
pain stimulus was added and the total noxious load is 
increased. Thus, our CPM probe using facial responses 
appeared to be as sensitive as the typical CPM paradigms 
(demonstrating the variability in the CPM effect, ranging 
from inhibition (in most cases) to facilitation), at least 
under the ideal conditions, which we created for this first 

time testing by studying only women (women are known 
to grade pain intensities by different facial responses very 
well29 and were for that reason sampled in the present 
study).

Interestingly, the CPM effect shown for facial 
response was not redundant to the one shown for self- 
report because the two modulatory effects were indeed 
significantly correlated but the correlation was only of 
moderate size allowing for the assumption of much unre
lated variance. The relative independence of the “facial 
CPM” was also shown by the fact that statistically con
sidering the variance of the “verbal CPM” effect did not 
abolish the large “facial CPM” effect. This finding relates 
well to the observation that although self-report ratings as 
well as facial responses to pain both reflect the intensity 
and the unpleasantness dimensions of pain,35,40 there are 
nevertheless some aspects of the multidimensional pain 
experiences that not are not fully captured by each type 
of response (e.g.28,35,41,42). Moreover, the self-report of 
pain is complex and is influenced as well as biased by 
higher mental processes. The facial response – in con
trast – is a more automatic response that is less subject to 
voluntary control by higher mental processes.43 Given the 
more reflex-like nature of facial responses, facial CPM 

Change in pain-relevant facial responses
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Figure 5 Correlation between CPM effects (change scores between baseline and CPM blocks) in the two pain response systems.
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probes might even give more direct insights into the 
basics of CPM mechanisms.

It has been shown over the last two decades that there 
is sizeable inter-individual variance in the facial expres
sion of pain, which is due to varying combinations of 
Action Units (AUs).27 The unifying backbone of these 
varying pain-relevant combinations seems to be AU 6_7 
(contraction of the muscles surrounding the eyes; orbicu
laris oculi contraction).27,41 The orbicularis oculi contrac
tion (AU 6_7) is the most frequent facial response to pain 
and may be combined with AU 4 (contraction of the eye
brows) or AU 9_10 (nose wrinkle/upper lip raise) or AU 
25_26_27 (opened mouth) leading to the various pain 
faces known.44 Given that we found significant CPM 
inhibition in 3 out of the 4 pain-relevant AUs and given 
that AU 6_7 (“unifying backbone” of the pain faces) 
showed a moderate to large CPM effect suggests that 
despite the variability in facial responses to pain, CPM 
effects can be found regardless of the individual pain face. 
Our finding also suggests, that it might be sufficient to just 
focus on the contraction of the muscles surrounding the 
eyes (AU 6_7) in order to assess the endogenous inhibi
tory CPM effects in the face. Just focusing on one facial 
movement could make it easier to apply this method in 
research (eg assessment via EMG recordings or FACS 
analysis) and in clinical context.

If future studies can replicate our findings and show 
that the facial CPM effect is a reliable and valid alternative 
of assessing endogenous pain inhibition in humans,2,45 the 
scope of study can be widened to patients, who are com
promised in verbal communication due to impairments of 
cognitive and linguistic skills or by restriction of vigilance 
and consciousness.46–48 However, verbal and non-verbal 
assessment of pain inhibition must not be seen as mutually 
exclusive alternatives. Instead, both can strengthen the 
sensitivity of a diagnostic probe for testing CPM effects 
also in vigilant and cognitively intact humans when 
assessed in parallel, given the unique information that 
each type contributes.43 Whereas the facial expression of 
pain can capture more bottom-up, automatic aspects of 
pain, the verbal report is easier to assess. Moreover, only 
relying on facial expression might hold the risk that mild 
pain is overlooked (given that the threshold of eliciting 
facial responses is often higher than the subjective pain 
threshold). The sample of the present study was deliber
ately biased to include only young women to create opti
mal conditions for this first time testing of CPM effects by 
recording the facial responses to the test stimulus. Since 

we were successful in verifying facial CPM effects in 
individuals, who are particularly apt in facially expressing 
pain in a graded fashion,29 replications in men and indivi
duals with advanced ages49 are now the necessary next 
step. Since FACS coding is still a manual task that requires 
a lot of time for execution, we could not manage the study 
of both genders and further age groups at once. Moreover, 
in future studies, different CPM protocols could be tried 
out;50 eg applying the test stimuli after the end of the 
conditioning stimulus (sequential paradigm) to better sepa
rate the effect of distraction on facial and subjective pain 
responses from CPM effects.

Conclusion
We succeeded for the first to demonstrate modulatory 
CPM effects through recording of the facial response to 
the test stimuli instead of only using self-report ratings as 
a response measure. Given the clinical relevance of asses
sing CPM effects, the parallel assessment of verbal and 
facial CPM effects might be a promising approach with 
wider scope of applications and increased diagnostic 
robustness against biasing influences.
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