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Introduction

When facial emotion recognition is present, a reflexive ocular 
scan of the face occurs, allowing the emotion to be interpreted by 
detecting the underlying muscles involved [1,2]. In this way, observers 
attempt to direct their attention to critical components to distinguish 
facial emotions [3]. According to Guo [4], the eye region, as well as the 
nose and the mouth are frequently observed to differentiate emotional 
expressions. Other studies indicate that fundamental emotion 
expressions are associated with a set of features expressed in our face; 
for example, fear is associated with gestures at the eye level, which 
primary facial feature change to help facilitate the identification of 
this emotion. In comparison, joy would be primarily associated with 
gestures/movement of the lips in order to facilitate its recognition, 
but the region of the brows, cheeks, and lower eyelid tension all 
contribute to its detection [5]. The lower face appears to have been 
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strongly associated with feelings of satisfaction and attractiveness [6]. 
For instance, it is stated that facial regions such as the nasolabial fold 
and commissure broad, as well as the upper lip vermilion, are critical 
for identifying mood levels like satisfaction [7]. According to some 
studies, the left side of the face exhibits pleasant but contrived facial 
expressions, whereas the right half exhibits genuine feelings [8]. The 
lower half of the face conveys pleasant and joyful emotions, while the 
upper half conveys surprised and anxious emotions. On the upper-
lower face axis, spontaneous facial expressions are more prevalent than 
on the left-right facial axis. This may account for everyone’s unique 
search pattern for emotion identification, which is not predictable but 
varies according to task, face location, and face coverage [9].

The Covid19 epidemic has facilitated the widespread usage of 
facemasks around the world. While facemasks aid with infection 
prevention, there are worries about their influence on facial recognition, 
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expression, and hence social communication [10]. According to the 
most widely accepted theory of face perception, emotional expression 
recognition and facial identity are distinct perceptual processes 
encoded by distinct psychological [11] and neural mechanisms 
[12,13]. More precisely, in terms of emotion identification and 
expression, multiple studies have examined the quantity and kind of 
social information provided by various parts of the face, concluding 
that the mouth plays a critical role in understanding emotions, 
particularly basic emotions like happiness and disgust [14,15]. Indeed, 
the mouth is a vital component of human face recognition, being 
almost symmetrical and typically visible from any angle, making it 
the ideal aspect to focus on in all those instances where the user can 
be scrutinized from any angle. According to a recent study, mouth-
based emotion identification does not vary from full-face emotion 
recognition but greatly supports subtle emotion recognition in general 
[16]. As a result, it is obvious that covering the lower half of the face 
with a facemask impairs emotion perception. While the absence of 
facial processing signals can be compensated for by more expressive 
gestures, and cognitive and coping strategies, covering the lower half 
of the face with a facemask may have resulted in higher disability in 
individuals with impaired compensation abilities, such as deafness, 
congenital prosopagnosia, and autism.

Little is known about how individuals with chronic pain 
conditions cope with emotion recognition during face mask-wearing. 
Chronic pain is defined as any type of pain that persists for more 
than three months, either continuously or recurrently [17,18]. It is 
estimated to affect 20% of the population and imposes a massive cost 
on both individuals and the healthcare system (Goldberg et al. 2011). 
Current models of chronic pain demonstrate the complex interaction 
of sensory, environmental, psychological, and pain regulation risk 
variables that contribute to an individual’s pain vulnerability [19] 
and may lead to chronic pain maintenance (Koechlin et al. 2017). 
Chronic pain may also be associated with Alexithymia which may 
be one of the characteristics of emotional dysregulation in chronic 
pain [20] and is characterized by difficulties identifying (i) and 
describing emotions (ii), as well as externally oriented thinking (iii) 
[21]. It is identified in a variety of chronic pain conditions, including 
Low back pain (LBP), chronic facial pain and Temporomandibular 
Disorders (TMD), fibromyalgia, chronic migraine, irritable bowel 
syndrome and Complex Region Pain Syndrom (CRPS) [22] among 
others. Alexithymia is often associated with depression or depression 
feelings (Saariaho et al. 2017). It is hypothesized that long-term 
peripheral nociception alters brainstem and central nervous system 
circuits, resulting in the spread of pain and perceptual abnormalities 
of the body schema [23]. This somatorepresentation distortion may 
result in a perturbation of the somatosensory-motor system [24] 
and is strongly associated with the inability to recognize refined 
(facial) motor patterns. For instance, in experimental research 
involving chronic low back pain (CLBP) [25] TMD, and chronic 
facial pain, the accuracy and speed of basic emotion identification 
are decreased, and other asymmetrical performed emotions such as 
disgust and fear are exchanged by others [26]. Based on this data it 
is an obvious question whether wearing a surgical mask or covering 
the lower face has an impact on the accuracy and time of recognition 

of the (basic) emotions in persons in a chronic pain state more than 
people without pain.

On the basis of this information, the primary aim of our study is to 
examine whether emotion recognition (accuracy and time) is different 
between asymptomatic subjects and those with chronic pain when the 
lower face is covered as when wearing a surgical mask. We hypothesized 
that persons with chronic pain would perform worse at emotion 
recognition in all conditions when compared with asymptomatic subjects.

Material and Method

Participants and Sample Size

A sample size of 160 participants was calculated a priori via 
power analysis [27] targeting a repeated measures analysis of variance 
(ANOVA) with six groups (emotions) and four measurements (mask 
vs. no mask in control and pain group) and the ability to detect a 
medium effect size of f=0.25, given an α=0.05 and a test power (1-
β)=0.80. Since the actual number of participants recruited was greater 
than the required number, a post hoc power calculation demonstrated 
that a power of 0.88 was reached.

Inclusion criteria were participants between 18 and 60 years, able 
to understand the task and to recognize and click on the specified 
emotions on a laptop with a computer mouse. Individuals were 
excluded if they could not write or speak German, as well as those 
who had impairment in the hand or vision.

Measuring Instruments

The measurements were divided into two sections. The first section 
requested demographic information as well as five questionnaires 
regarding participants’ current health status. The second section was 
a computer task that consists of two sets of 42 pictures depicting basic 
emotions, with (out) covering the lower face.

Questionnaires

Central Sensitization Inventory (CSI)

The CSI is a screening instrument to help identify symptoms 
related to central sensitization or indicate the presence of a central 
sensitive dysfunction [28]. In this study, the entire sum of part A 
(central sensitisation characteristics) is computed. Part B is not 
utilized; it is just for the purpose of providing information on existing 
diagnoses in the domain of central sensitisation. It is comprised of 25 
multiple-choice questions with a possible score of zero to four (never - 
rarely - occasionally - often - always). As a result, a possible total score 
of 100 is possible. A score of 40 or more points has been reported to be 
indicative of central sensitisation.

Graded Chronic Pain Scale (GCPS) is a validated standard self-
assessment tool used in clinical pain research and quality management. 
It provides a hierarchical classification system (I-IV). The outcomes 
are classified into four subgroups, with grades I and II seen as a slight 
limitation (functional chronic pain) and grades III and IV as strong 
limitations (dysfunctional chronic pain) [29]. In our study we used the 
German validated version and included volunteers who are classified 
as grade II, III and IV [30].
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The Brief Pain Inventory (BPI) was established to give a quick 
and simple method for determining the level of pain and the extent 
to which pain interferes with lives of patients with pain [31]. Four 
questions concerning pain intensity and seven about pain interference 
are asked, as well as four about the present pain experience, the 
region of discomfort, the medicine or therapy used to alleviate the 
pain, and the extent of treatment outcome. On a scale of 0 to 10, pain 
intensity (no pain to the most severe agony imaginable) and pain 
interference (no interference to complete interference) are quantified. 
The responses to the questions on pain severity are put together and 
divided by four. After summarizing the responses about the impact 
of pain, they are split by seven. As a result, a total of 11 points may be 
earned. If a responder scores more than five points or answers more 
than four questions with pain, the test is deemed positive for pain-
related disability. We used the validated German language BPI in our 
investigation.

Beck Depression Inventory (BDI). The BDI consists of twenty-
one items that assess the frequency and severity of depression 
symptoms. The maximum score is 93 points (severe depression) and 
a mild depression can be observed from 14 points. The responses 
are computed on a zero-to-three-point scale and demonstrate a high 
reliability of 0.92 (Chronbach’s alpha) and acceptable validity of 0.73 
to 0.96 for discriminating between depressed and non-depressed 
participants.

Toronto Alexithymia Scale (TAS-20). A subjective self-evaluation 
questionnaire which allows making a reliable identification alexithymia 
characteristics (i.e., difficulty in identifying emotions, difficulties in 
describing emotions, and externally oriented thinking style) [32,33]. 
The items of this tool are graded on a 5-point Likert scale, with 
answers ranging from “strongly agree” to “strongly disagree.” The 
points are totaled up to a maximum of 100 points. Scores under 51 on 
this scale indicate no alexithymia. A score of 51-60 points indicates a 
transitional period in which alexithymia may be present. Scores of 61 
or more indicate alexithymia [34].

Emotion Recognition Task (ERT)

Emotion Recognition Task (ERT)

The CRAFTA Facial Recognition Test and Training software was 
used to perform this task ( www.myfacetraining.com) and was divided 
in two sections. The first part was the recognition of basic emotions 
(happiness, sadness, disgust, anger, fear, and surprise) without lower 
face covering. Participants were required to choose the appropriate 
expression for each image shown by clicking on it with their mouse on 
the screen of the PC (maximum time to choose was 5 sec.). Accuracy 
and time to respond for a standardized sequence of 42 pics were 
measured. After this first task, the participant had one minute rest 
followed by the same standard test but the pictures had a lower face 
covering (i.e., lower face mask)(section 2) (Figure 1).

Procedure

The study was run from November 2020 until June 2021during 
the COVID-19 pandemic when general legal obligations to wear 
masks in Germany were already in action. Volunteers were recruited 
randomly in the mid-west of Germany through physiotherapy 
clinics, (sports) organizations, local universities, and via posters and 
advertisements. The procedure was done by 3 assessors (physical 
therapists) with more than 5-year of experience. The assessors were 
calibrated by specific training. Prior to the experimental session, 
written informed consent was obtained from each participant. All data 
were collected anonymously. Firstly, the participants were informed 
about the aim of the study and then were asked to sign a consent 
form, fill the questionnaires followed by the emotion recognition 
task (ERT). Before starting the ERT, a one-minute explanation and a 
trial with 5 random images was obligatory. Afterwards the ERT with 
(out) lower face covering was executed. A fourth (blinded) assessor 
anonymously acquired the data and classified the participants into 
groups such as control (CG) and (chronic) pain (PG) and carried 
out data analysis.

Figure 1: Emotion Recognition Computer task (ERT). Example of a morph from neutral face (1a) expressed in the basic emotion (in this case disgust) with (out) lower face covering in a shape 
of a mask (1b and 1c). (1d) are the choices the participant can click on. Computer program calculates the time and the (in) correct choices of 42 pictures.

http://www.myfacetraining.com
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Statistical Analysis

Data was collected into SPSS 26 and the data of emotion 
perception of the CG and the PG (with) out lower face covering 
are distributed in a confusion matrix. The the Chi² test was used 
calculating statistical significance. Pearson Chi-square test was used 
to determine differences between conditions using nominal data (e.g., 
gender, age. BMI.). Mann-Whitney/U-Test for ordinal and metric data 
were performed for continuous data (e.g., age, BMI, questionnaires, 
time to respond), as the cohorts were not normally distributed. The 
significance level was set at 5%.

Results

Participants

In total 170 subjects were recruited and analyzed. From these, 
as mentioned two groups were created. The control group (CG), as 
mentioned above did not refer pain based on their responses to the 
questionnaires. The second group includes all subjects who were 
regarded as having chronic pain (PG), based on their answers to the 
questionnaire’s medication usage was not asked. Table 1 summarizes 
the demographic data and questionnaires scores for both groups.

Based on the information from the questionnaires, participants 
were divided in two groups:

Asymptomatic Subjects (control group). Those subjects who 
based on their answers were identified as not having pain (CSI<40 p., 
GCPS class I, BPI score less than 5 points and less than 4 questions 
with pain, TAS-20<51 p., BDI<14 p.)

Subjects with chronic pain (pain group). Those subjects who 
reported pain as evidenced in their responses to all questionnaires 
(CSI >40 p., GCPS class 2-4, BPI score 5 points and more than four 
questions with pain, TAS-20 >51, BDI>14 p.) and whose pain was 
longer than 3 months.

Accuracy of Emotion Recognition and Confusion

By this analysis we wanted to explore whether subjects with chronic 
pain were less accurate than asymptomatic subjects at distinguishing 
basic emotions and were confused with the emotion recognition. We 
examined the data in a modified confusion matrix recently described 

by Carbon et al. (Table 2). Hereby the emotions displayed by the 
program (perceived) are compared to the emotions specified by the 
test participants. (recognized) The answers highlighted in orange are 
the participants’ greatest percentages, the red ones indicate the most 
frequent confusion about an emotion and the green boxes the most 
wrong chosen emotion.

Without Lower Face Covering. In both groups, happiness was 
recognized the most (CG: 92.5%, PG: 91%) and it was exchanged 
dominantly with fear (CG: 1.6%, PG: 1.9%). Fear was recognized 
the least in both groups (CG: 30.6%, PG: 28.1%) and was most 
often mistaken for astonished (CG 37.8%, PG 36.4%). Fear also had 
the highest number of incorrect answers (CG 57.1%, PG 58.2%; 
highlighted in green in Table 2).

With Lower Face Covering. Happiness was best recognized in 
both groups (CG 90.7%, PG 87%). A small number of participants in 
the CG mixed up happiness with anger (1.6%) and astonished in the 
PG (1.9%). More strikingly, disgust was recognized much less in both 
groups (CG 28.4%, PG 26.1%) and was mostly confused with anger 
(CG 40.9%, PG 40.7%).

Incorrect Chosen Emotion. Based on our results, it seems that with 
(out) covered lower face “fear “is the most chosen incorrect emotion 
(without; CG=57.1%, PG 58.2% and with: CG=68.4%, PG 66.3%). A 
clear misjudgment was also made in both groups of “disgust“ with 
lower face covering (CG 67.2%, PG 69.1%) but less without lower face 
covering (30.5%, PG 30.4%). In Table 2 they are highlighted in green.

Confused Emotions. In both groups more than 40% confused 
“disgust” with “anger” (CG 40.9%, PG 40.7%) when the lower face was 
covered which was clearly more than without covering (CG 14.9%, 
PG 13.8%). Also “fear” clearly swopped with “astonishes\d” in both 
groups without (CG 37.3%, PG 36.4%) and with lower face covering 
(CG 23.8%, PG 25.2%)

Differences with (out) Face Covering in Both Groups and 
Answering Time

An overview of the mean percentage of correct basic emotions 
with (out) covered lower face (red) of control group (CG) and the 
chronic pain group (PG) are depicted in Figures 2 and 3. It may 
be concluded that between the CG and the PG with (out) face 

Variable Control Group (CG)
N=72 ( mean ± SD)

Pain Group (PG)
N=98 (mean ± SD) P value

Age (Y) 35.3 ± 11.1 34.8 ± 13.2 0.032 

Gender (Frequency-female) 41 (F) 75(F)

Duration Pain (M) 0.00 26.7 ± 23.1 <0.001

Questionnaires

BMI 24.5 ± 5.2 25.5 ± 5,8 0.063

CSI 13.6 ± 8.7 32.6 ± 12.2 0.032

GCPS 1.0 ± 0.2 1.7 ± 0.9.8 0.002

TAS-20 40.0 ± 1.0 55.5 ± 8.6 0.002

BDI 4.0 ± 2.7 10.9 ± 7.5 0.041

Table 1: Demographic data and mean scores of questionnaires by group (control group (CG) and chronic pain group (PG)). Y=years, M=Months F=Female.
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  CG (healthy) PG 
(chronic pain) Happy Fear Astonished Anger Sadness Disgust Wrong answers 

(total) Not in time (%)
    (%) (%) (%) (%) (%) (%) (%)

Happiness % CG 92.5 1.6 2 0.6 1 0.8 5.9 1.6

(without) PG 91 1.9 1.5 1.2 0.9 0.6 5.9 3.1

P value   <.001 <.001 <.001 <.001 <.001 <.001 n.s. <.001

Hapiness% CG 90.7 1.2 1 1.6 0.8 1 5.5 3.8

(with)  PG 87 1.6 1.9 1.5 2 1.5 8.5 4.5

P value   <.001 <.001 <.001 <.001 <.001 <.001 n.s. <.001

 

Fear % CG 0.8 30.6 37.3 5.6 4 9.5 57.1 12.3

without  PG 0.6 28.1 36.4 4.8 4.1 12.2 58.2 13.7

P value   <.001 <.001 <.001 <.001 <.001 <.001 n.s. <.001

Fear % CG 0 29.8 23.8 16.5 6.9 17.9 68.4 1.8

with  PG 0.7 28 25.2 17.8 5.7 16.9 66.3 5.7

P value   <.001 <.001 <.001 <.001 <.001 <.001 n.s. <.001

Astonished % CG 1 15.5 73.6 2.2 1.8 1.4 21.8 4.6

without  PG 1.5 16.9 71 0.6 1.7 2.6 23.3 5.7

P Value   <.001 <.001 0.012 <.001 <.001 <.001 n.s. <.001

Astonished % CG 1 22.2 70.2 0.2 0.8 3.8 28 1.8

with  PG 0.6 27 64.1 0.6 0.4 2.9 31.5 4.4

P value   <.001 <.001 <.001 <.001 <.001 <.001 n.s. <.001

Anger % CG 0 1 3 74.2 10.1 4.2 18.3 7.5

without  PG 0.1 2.3 4.2 71.3 8.6 4.2 19.5 9.2

P Value   <.001 <.001 <.001 <.001 <.001 <.001 n.s. <.001

Anger % CG 0.2 3.8 4.4 70.4 14.1 2.8 25.2 4.4

with  PG 1.3 2 3.8 69.2 14.6 3.6 25.4 5.4

P value   <.001 <.001 <.001 <.001 <.001 <.001 n.s. <.001

Sadness % CG 0.2 3.6 5.2 3.6 80 1.8 14.2 5.8

without  PG 0.4 1.9 6.3 5 76.7 2 15.6 7.7

P Value   <.001 <.001 <.001 <.001 0.002 <.001 n.s. <.001

Sadness % CG 3.2 8.9 13.3 18.3 41.7 6.9 50.6 7.7

with  PG 3.6 8.8 14.5 15.9 38.7 5.5 48.3 13

P value   <.001 <.001 <.001 <.001 <.001 <.001 n.s. <.001

Disgust % CG 0.4 1.2 4 14.9 10.1 63.7 30.5 5.8

without  PG 0.1 1 4.1 13.8 11.4 63 30.4 6.6

P Value   <.001 <.001 <.001 <.001 <.001 <.001 n.s. <.001

Disgust % CG 2 4.2 2 40.9 18.3 28.4 67.2 4.4

with  PG 3.4 2.8 2.8 40.7 19.5 26.1 69.1 4.8

P Value   <.001 <.001 <.001 <.001 <.001 <.001 n.s. <.001

Happy Fear Astonished Anger Sadness Disgust Wrong
answers Not in time %

Table 2: Confusion matrix of expressed and perceived emotions of control group (CG) and pain group (PG) with (out) mask. Segments of the table in orange are the highest score. The red 
segments indicate the most frequent confusion about an emotion.
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Figure 2: Mean percentage of correct basic emotions with (out) covered lower face (red) of the control group (CG) (n=72) Asterisks indicate statistical differences between conditions of wearing 
and non-wearing on basis of paired t-tests: *p < 0.05, **p < 0.01, ****p < 0.0001; ns, not significant.

Figure 3: Mean percentage of correct basic emotions with (out) covered lower face (red) of the chronic pain group (PG) (n=98) Asterisks indicate statistical differences between conditions of 
wearing and non-wearing on basis of paired t-tests: *p < 0.05, **p < 0.01, ****p < 0.0001.

covering showed a clear significant (P<0.001) difference of all basic 
emotions except that of happiness. In the PG there is an extremely 
significant difference in emotion recognition with (out) lower face 
covering times of “sadness” and “disgust” (Figure 3) Average answer 
time. The average time of the CG (with) out face covering was 
both 3,1 (±0.8), p=0.2 and the PG 3,2 (±0.9), p=0,3. There was no 
significance in time between CG and PG with (out) face covering 
(p=0.34 p=0.4).

Discussion

In the present study we tested the impact of covered lower face 
with imitated face masks on basic emotion recognition during a 
computer task. We confronted participants with (out) chronic pain 
with faces in a neutral emotion that morphed into one of six different 
basic emotions (angry, disgusted, fearful, happy, astonished and sad) 
during a computer standard test. Variables we tested were accuracy 
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and time. Control group (CG); comparing the results of the CG with 
the results of Carbon (2020) it should be noted that they do not 
completely match. Without a mask, the Carbon study had a 92.5% 
recognition for the fear emotion and while only 30.6% did in this study. 
Happy (Carbon 98.8% to 92.5%) and angry (Carbon 83.7% to 74.2%) 
were also recognized significantly differently. With mask, happy is 
recognized 90.7% correctly in this work and only 74.2% during the 
study of Carbon. At Carbon, fear is still correctly recognized 93.5% of 
the time when wearing a face mask, but only 29.8% in our study. Even 
sadness is recognized correctly with 62.6% during the Carbon study 
and in ours 41.7%. Disgust and angry are almost the same in the CG. 
It may be concluded that the same trend of accuracy in both studies of 
the different emotions can be observed, but not of all outcomes.

In both groups it can be registered that sadness and disgust are 
significantly less recognizable with a covered lower face. A feature 
of these two emotions is that they have excessive asymmetric facial 
expression changes in the lower face [35]. In the Carbon study 
‘astonished” was not tested and in our study astonished was also 
significant in both groups (with) out lower face covering. Happiness 
was with (out) face covering in our study was not significant in both 
groups (CG p=0.053, PG p=0.041) in contrast to the Carbon study.

The possible differences in results may be determined by the 
difference in test set-up. Carbon’s study only used photos of the basic 
emotions without seeing the neutral state of different ages and gender 
with (out) an artificial mask and there was no time limit. In our study 
we used a computer program with morphing of basic emotions with 
(out) a covered lower face with a double task; emotion recognition and 
recognition as soon as possible (time). In our study the neutral state of 
the recognized person is not measured.

Controle Group (CG) versus Pain Group (PG); the results of CG 
and PG, indicates that accuracy in emotion recognition was strongly 
reduced in both groups with (out) lower face covering. This seems 
to be compatible with parts of the literature employing different 
types of covering, for instance, by rigidly covering the mouth area 
with cardboard, using the bubbles technique or, much closer to the 
present study, using block based partial square face covering [36] or 
a shawl or cap. For fearful faces, as shown before in the literature, the 
upper face, special the eye region, which was not covered, was most 
relevant for judging someone emotional state. It is evident that in our 
sample with chronic pain there is an obvious significant difference in 
nearly all emotions with control group except happiness (Figure 2), 
but an obvious significant difference with without lower face covering 
(Figure 3). This observation suggests that chronic pain patients with, 
for example, a surgical mask have facial emotional communication 
impairments in emotional perception, expression special in the 
emotions “sadness” and “disgust” [37-43].

Strength and Limitations

As far the authors concerned, with respect to the literature this 
is the first observational study on face recognition with covering the 
lower face done in patients with a chronic pain state. The strength 
is that the PG sample is a clear primary or secondary chronic pain 
group diagnosed by questionnaires as suggested by the International 

Association of Study of Pain (IASP) [37]. Therefore use of medication 
and the medical diagnosis is not asked. This may influence the 
variability of the results within the PG for example in the speed of 
recognition. The authors are aware of this, but concerning the literature 
on chronic pain it is more seen as a disease in itself, we left out the 
individual pain regions, medical diagnosis and medication usage. A 
limitation may be that the covering of the lower face was not a real 
mask but a substitute of plastic material that has the form of a mask. 
This may influence the results of the variables accuracy and time. On 
the other hand, the test was conducted in both groups in the same way.

Conclusion

•	 People in a chronic pain state are worse at emotion recognition 
(with) out lower face covering than persons without pain but 
there is no difference in time

•	 Recognition of all basic emotions especially sadness and 
disgust with lower face covering are clearly reduced in the 
chronic pain state group and disgust was often confused with 
anger and Fear with astonished.

•	 This results support the need of face rehabilitation and training 
which may contribute appropriate non-verbal communication 
and quality of life in persons with chronic pain

•	 Future studies in subclassification of chronic pain (use 
of medication, risk factors) and outcome studies in facial 
emotion training may support the influence of face covering 
like wearing a mask.
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