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Abstract: Background: In clinical practice, the implementation of tailored treatment is crucial for
assessing the patient’s emotional processing profile. Here, we investigate all three levels of analysis
characterizing emotion processing, i.e., recognition, representation, and regulation, in patients with
peripheral neuropathic pain (PNP). Methods: Sixty-two patients and forty-eight healthy controls
underwent quantitative sensory testing, i.e., psychophysical tests to assess somatosensory functions
such as perception of cold (CDT), heat-induced pain (HPT), and vibration (VDT), as well as three
standardized tasks to assess emotional processing: (1) the Ekman 60-Faces Test (EK-60F) to assess
recognition of basic facial emotions, (2) the Reading the Mind in the Eyes Test (RME) to assess the
ability to represent the feelings of another person by observing their eyes, and (3) the 20-item Toronto
Alexithymia Scale (TAS-20) to assess emotional dysregulation, i.e., alexithymia. Results: General
Linear Model analysis revealed a significant relationship between left index finger VDT z-scores in
PNP patients with alexithymia. The RME correlated with VDT z-scores of the left little finger and
overall score for the EK-60F. Conclusions: In patients with PNP, emotion processing is impaired,
which emphasizes the importance of assessing these abilities appropriately in these patients. In this
way, clinicians can tailor treatment to the needs of individual patients.

Keywords: alexithymia; emotion; nerve conduction studies; neuropathic pain; quantitative sensory

testing; somatosensory functions

1. Introduction

In 2020, the International Association for the Study of Pain (IASP) defined pain as “an
unpleasant sensory and emotional experience associated with, or resembling that associated
with, actual or potential tissue damage” [1]. This definition emphasized the sensory and
affective dimensions of the pain experience, with the latter being prominent in chronic
primary pain [2]. Emotions have been variously defined since the seminal work of Charles
Darwin and William James [3,4]. In Rolls” view [5], emotions are states that are associated
with rewards and punishments and drive actions to obtain the reward and avoid the
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punishment. In this model, pain was included among the primary means of punishment
that reduce the probability of approach behavior. Malezieux and colleagues [4] defined
emotions as functional states and recognized that pain, along with other physiological need
states, shares some characteristics of emotions, such as valence, global coordination and
pleiotropy, intensity, priority, generalization, and persistence.

Regardless of whether one considers pain as a punisher that triggers emotions or a
functional state per se, the link between emotion regulation and pain is further highlighted
by the role of alexithymia in various types of pain, including chronic primary pain such as
fibromyalgia [6] and neuropathic pain [7]. Alexithymia is a personality construct character-
ized by an impairment in identifying feelings and associating them with bodily sensations
of emotional arousal, an inability to find appropriate words to describe feelings, and a
preoccupation with external details of events [8-10].

One of the main problems in the investigation of emotional deficits in neuropathic pain
is an atomizing approach that does not consider the different levels of emotion processing.
Following previous studies in the field of clinical neuroscience [6,11,12], in this paper, we
present an analysis that simultaneously considers the three different levels that characterize
emotion processing: (1) the identification of a specific emotion (emotion recognition), (2) the
attribution of one specific affective mental state to another (emotion representation), and
(3) the management of one’s own emotion (emotion regulation), i.e., the ability that is im-
paired in people with alexithymia. Accordingly, here we used three standardized emotional
tasks to test emotional processing in people with peripheral neuropathic pain (PNP): (1) the
Ekman 60-Faces Test (EK-60F) to assess the recognition of basic facial emotions, (2) the
Reading the Mind in the Eyes Test (RME) to assess the ability to represent the feelings
of another person by observing only their eyes, and (3) the 20-item Toronto Alexithymia
Scale (TAS-20) to assess the three facets of emotion regulation, namely difficulty identifying
feelings, difficulty describing feelings, and externally oriented thinking.

In a previous study [7], we found higher alexithymia in patients with PNP than in
healthy controls and we found a relationship between the overall score of the TAS-20
and the TAS-20 subscore for difficulty identifying feelings and the left index vibratory
perception threshold (VDT) assessed by quantitative sensory testing (QST). QST is a reliable
and reproducible tool for detecting allodynia and hypoesthesia in a neuroanatomically
plausible distribution, which is a crucial step in the grading system of certainty for the
diagnosis of neuropathic pain [13-16]. Furthermore, QST allows the definition of the
association of abnormalities of different sensory modalities, i.e., the sensory phenotype,
which can indicate a possible underlying pathophysiology of pain [17,18] and predict
treatment outcome [19-21].

The aim of this study is to extend the observations of a previous study [7] by consid-
ering and evaluating all three levels of analysis that characterize emotion processing, i.e.,
emotion recognition, emotion representation and emotion regulation, in patients with PNP
within a unified theoretical and methodological framework. We also wanted to investigate
the correlation between the QST parameters and emotion processing.

2. Materials and Methods
2.1. Participants

The ethics committee of the Hospital “Citta della Salute e della Scienza” in Turin,
Italy, approved this study (protocol number 2CEI778). All patients and control participants
gave their informed consent to participate in the study. Forty-eight healthy controls and
sixty-two patients with PNP in at least one hand were recruited. We decided to recruit only
patients with PNP in the hands because the skin of the hand is densely innervated with
specialized cutaneous afferents that project to the somatosensory cortex [22] and because
these projections contribute to the experience of emotions [23].

Inclusion criteria were chronic (of more than 3 months duration) PNP [13,14,24] and
diagnosis of carpal tunnel syndrome (CTS), brachial plexopathy, painful cervical radiculopa-
thy, ulnar neuropathy at the elbow, or hypertrophic post-burn scars (PBHS). The diagnosis
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of CTS was made according to the criteria of the American Academy of Neurology [25]
and the American Association of Electrodiagnostic Medicine [26]. Brachial plexopathy
and painful radiculopathy [14] were diagnosed on the basis of neurophysiological [27]
and/or MRI findings. Ulnar neuropathy at the elbow was diagnosed according to [28] and
PBHS according to [29]. Participants were excluded if they were younger than 14 years
or older than 80 years, could not perform the QST assessment, had a history of alcohol
or drug abuse, or were diagnosed with hereditary or acquired central nervous system
disorders or polyneuropathy. Data from patients with brachial plexopathy, painful cervical
radiculopathy, and ulnar neuropathy were considered together, as previously described [7].
All patients underwent a full clinical examination according to [7], including assessment
of pinprick, touch, and position sense in both upper limbs. In addition to the assessing
pinprick and touch, pain sites were also assessed for signs of allodynia in response to
brushing using the Douleur Neuropathique 4-question (DN4) questionnaire [30]. Pain
intensity in the 7 days prior to the evaluation was defined using the Numerical Rating Scale
(NRS) [31] as described in [7].

2.2. Nerve Conduction Studies (NCSs)

Participants underwent bilateral motor NCS of the median and ulnar nerves and
antidromic sensory NCS of the median, radial, and ulnar nerves according to the standard
techniques described previously [7].

2.3. Quantitative Sensory Testing (QST)

The QST was performed as previously described [7]. The thresholds for the perception
of cold (CDT), heat-induced pain (HPT), and vibration (VDT) were evaluated on the palmar
surface of the index and little fingers. CDT and HPT were also evaluated on the dorsum of
the hand. VDT, CDT, and HPT were assessed using a commercially available thermal and
vibratory stimulation device (Medoc TSA 1II, Durham, NC, USA). HPT was assessed using
the method of limits, CDT was assessed using the staircase method with null stimulations,
and VDT was assessed using the method of levels with null stimulations.

We defined hypoesthesia as follows: CDT z-scores less than —2.58 (cold hypoesthesia),
VDT z-score greater than 2.58 (vibration hypoesthesia), and no pain perception at 50 °C
(heat pain hypoesthesia). We defined allodynia for heat pain when the HPT z-score was
lower than —1.64. We defined the sensory phenotype based on the QST and DN4 question-
naire results. According to [32], thermal or pain (either heat or pinprick) hypoesthesia was
labeled as L1, vibration or touch hypoesthesia as L2, the presence of both thermal/pain
and vibration/touch hypoesthesia as L3, and no sensory impairment as LO. Allodynia to
heat was labeled as G1, allodynia to mechanical stimulation as G2, combined allodynia to
heat and mechanical stimuli as G3, and no allodynia as GO.

2.4. Emotion Processing and General Health Assessment

Emotion recognition was assessed by means of the validated Ekman 60-Faces Test (EK-
60F). This is a task in which photographs of the faces of 10 actors selected by [33] are used
to measure the ability to recognize facial expressions associated with the following six basic
emotions: anger, disgust, fear, happiness, sadness, surprise. The images were presented
on the computer in a pseudorandom order. Each participant had to verbally indicate
which of the six labels for the basic emotions listed under each picture best described the
facial expression shown. A maximum score of 60 points could be achieved in this test, i.e.,
10 points for each of the six basic emotions.

Emotion representation was assessed using the validated Reading the Mind in the Eyes
Test (RME) [34]. This is a task that is frequently used to assess the affective Theory of Mind
(ToM), i.e., the ability to infer the emotions and feelings of other people [35,36]. The RME
consists of the presentation of 36 black and white photos of the eye region of 36 different
human faces. Each participant was shown the photographs on a computer screen and
asked to choose which of the four words printed below the photo best describes what the
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person in the photo is thinking or feeling. Participants give their answers verbally. One
point is awarded for each correct answer, with the maximum number of points being 36.

Emotion regulation was assessed by means of the validated 20-item Toronto Alex-
ithymia Scale (TAS-20) [37,38], in which the 20 items are rated on a 5-point Likert scale. The
results provide a TAS-20 total score based on the outcome of three subscales that assess
different aspects of alexithymia: difficulty identifying feelings, difficulty describing feel-
ings, and externally oriented thinking. The TAS-20 cut-off scores are: <51 no alexithymia,
52-60 borderline (or moderate) alexithymia, and >61 (high) alexithymia.

To assess levels of psychological distress, we also administered the 12-item General
Health Questionnaire (GHQ-12) [39]. The GHQ-12 is a self-report in which the items are
rated on a 1-4 Likert scale. Higher scores indicate a higher level of psychological distress,
with a cut-off value of >4.

3. Statistical Analysis

Data are presented as mean =+ standard deviation (SD) for continuous variables and as
absolute and relative frequencies for categorical variables. The normality of the distribution
of the quantitative parameters was tested by means of the Kolmogorov-Smirnov test, and
QST parameters that were not normally distributed were log-transformed to be analyzed
using parametric methods of inferential analysis [7,40]. The CDT, HPT, and VDT z-scores
of patients at each site were calculated as follows:

(log/In patient value — mean log/In healthy controls values)/SD log/In healthy controls values

To avoid overestimating statistical significance when comparing patient and control
hands due to the inclusion of patients with bilateral pain, a further comparison by patient
was performed [41]. Differences between groups of hands/patients (with painful hands,
with non-painful hands and healthy hands) were analyzed using a Mann-Whitney or
Wilcoxon test. Categorical data were compared using a Chi-square test or Fisher’s exact
test where appropriate. Correlations were analyzed by estimating the parametric r-Pearson
correlation coefficient. General Linear Models (GLMs) were used to test the dependence
of VDT on the other parameters. Group, class, and educational age were considered as
possible confounding factors; if significant, the analyses are presented subdivided according
to these variables. Statistical analyses were performed using SAS® Statistics Software 9.4.
In all analyses, p-values < 0.05 were considered statistically significant. The sample size was
set to detect at least a 10% difference in TAS-20 total score between patients and controls,
achieving a power of 80% with a two-tailed alpha error of 0.05, as reported in our previous
study [7].

4. Results
4.1. Demographic, Clinical, and NCS Findings

As psychological characteristics and quality of health were correlated with the presence
of alexithymia in our previous study [7] but not with the diagnosis, patients were cate-
gorized as moderate/high alexithymic (TAS-20 > 52) and non-alexithymic (TAS-20 < 52)
in subsequent analyses. The demographic and clinical characteristics of all patients, non-
alexithymic and moderate/high alexithymic patients, and healthy controls are summarized
in Table 1.

The educational qualifications of the patients and the control group differed signifi-
cantly in terms of the number of years of education and the distribution of subjects, with the
patient group more frequently having a primary and secondary school qualification, while
the control group more frequently had a university degree. In 30 patients, the hands were
affected bilaterally by neuropathic pain, in 16 patients the right hand was affected, and
in 16 patients the left hand was affected. Mean NRS and DN4 also did not differ between
non-alexithymic and moderate/high alexithymic patients (Table 1). The NCS findings in
patients and healthy controls are summarized in Supplementary Table S1.



Med. Sci. 2024, 12,27 50f11
Table 1. Demographic and clinical characteristics of patients and controls.
All Patients Moder‘ate-H}gh No Alexithymia Healthy Control
Alexithymia
Age 52.7 £13.6 519 +12.2 532+ 14.6 483 £15.5
Male/Female 24/38 13/12 11/26 18/30

Years of education 11.3+35% 1114312 114+37°% 143 +£47
Primary school diploma 5 0 5 1
Secondary school diploma 18 11 7 7
High school diploma 8 4 4 2
Graduation 31 10 21 38
NRS 62+24 6.6 +£22 6.1 +£25 -
DN4 54+22 56+23 55+23 -
CTS 34 13 21 -
PBHS 13 5 8 -
ONP 15 7 8 -

CTS = carpal tunnel syndrome; DN4 = Douleur Neuropathique 4-question questionnaire; NRS = 11-point
numerical rating scale; ONP = other neuropathic pain (brachial plexopathy, cervical painful radiculopathy, ulnar
nerve compression at elbow); PBHS = post-burn hypertrophic scars. ? p < 0.01 versus healthy controls.

4.2. QST Evaluation and Sensory Phenotype

The QST results are summarized in Table 2 (z-scores) and in Supplementary Table S52
(log and In-transformed data). The log-transformed CDT values were significantly lower in
patients than in healthy controls on the left dorsum, left little finger, and bilateral index
finger, and In-transformed VDT values were higher on the bilateral index and little finger
of patients than in healthy controls. No significant differences were found between the
sides for the log-transformed CDT and HPT values and the In-transformed VDT values in
either patients or controls. Left index CDT and VDT z-scores were higher in alexithymic
patients than in non-alexithymic patients.

Table 2. Summary of CDT, HPT, and VDT z-scores at different sites in moderate-high alexithymic
and non-alexithymic patients.

Moderate-High Alexithymia No Alexithymia
CDT
Dorsum R —35+6.1 —6.3 £20.9
L —95.3 £271.7 —449 11828
Index R —26+41 -1.3+38
L —28.3+£820° —18.3 £69.0
Little finger R —65+13 —-09+3.0
L —22.7 +51.0 —115+35.7
HPT
Dorsum R 020 +091° —0.21+1.1
L 014+11 —0.52+1.12
Index R 0.23 +0.67 —0.24 +1.07
L 0.21 +£0.84 —1.05 £ 4.66
Little finger R —0.03 + 6.95 —024+1.0
L —0.01 +£1.13 —0.36 £ 1.06
VDT
Index R —0.94 +1.18 0.62 +1.16
L 2.34+244% —0.31 +1.41
Little finger R 1.08 £1.2 0.67 +1.04
L 151 £2.18 0.7 £1.02

CDT = cold pain threshold; HPT = heat pain threshold; L = left; R = right; VDT = vibration detection threshold.
2 p < 0.01 versus no-alexithymia; ® p < 0.05 versus no-alexithymia.
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4.3. Emotion Processing and Health Quality Evaluation

The results of the EK-60F overall score and its subscores, RME, and GHQ-12 are
summarized in Table 3. The overall score of the EK-60F was lower in patients than in
healthy controls (46.9 & 5.7 vs. 49.1 £ 5.1, p = 0.04). No differences were found between
patients and controls or between CTS, ONP, and PBHS and the EK-60F subscores and RME.
Alexithymic patients had a lower overall EK-60F and RME score and a higher GHQ-12 than
controls, a lower EK-60F subscore for anger than controls and non-alexithymic patients,
and a lower EK-60F subscore for sadness than non-alexithymic patients.

Table 3. Summary of Ekman 60-Faces Test and Reading the Mind in the Eyes Test according to
presence and severity of alexithymia.

Moderate-High Healthy

Test All Patients Alexithymia No-Alexithymia Controls
Ekman 60-Faces
Overall score 469 +5.7P 46.1 + 4.6 2¢ 476 £ 6.4 49.1+51
Happiness 9.7+07 9.8+0.5 9.7+0.8 9.8+0.3
Surprise 9+16 89+13 9+18 92+09
Anger 71+£16 6.7 + 1.5 4 74+15 76+£18
Disgust 85+15 88+13 83+17 89+12
Sadness 73+1.6 6.7+ 1.74 77+13 75+16
Fear 53+24 51+22 54+24 6.1+24
RME 24 +6.1 226+372 248+72 252143
GHQ-12 32+467 41+46° 27+47 1.3+2

GHQ-12 = General Health Questionnaire; RME = Reading the Mind in the Eyes Test. # p < 0.01 versus healthy
controls; ® p < 0.05 versus healthy controls; ¢ p < 0.01 versus non-alexithymic patients; ¢ p < 0.05 versus non-
alexithymic patients.

4.4. Correlation Analysis between Emotion Processing Characteristics

In the patients, the RME correlated with the overall score of the EK-60F (r = 0.57,
p <0.0001) and the subscores for surprise (r = 0.47, p = 0.0002), anger (r = 0.32, p = 0.01),
and fear (r = 0.4, p = 0.0003). The overall score of the EK-60F inversely correlated with the
TAS-20 overall score (r = —0.28, p = 0.03). In non-alexithymic patients, the RME correlated
with the overall score of the EK-60F (r = 0.64, p < 0.0001) and the subscores for surprise
(r=10.47, p =0.003), anger (r = 0.42, p = 0.01), sadness (r = 0.34, p = 0.03), and fear (r = 0.55,
p =0.0005). In contrast, in the alexithymic patients, the RME correlated only with the
EK-60F subscore for surprise (r = 0.53, p = 0.01).

4.5. Correlation Analysis between QST Profile and Emotion Processing Characteristics

In the patients, the VDT z-score at the left index finger inversely correlated with the
RME (r = —0.33, p = 0.02) and the EK-60F subscore for surprise (r = —0.3, p = 0.03). The
HPT at the left little finger inversely correlated with the EK-60F subscore for fear (r = —0.39,
p = 0.002). In alexithymic patients, the VDT at the left little finger inversely correlated with
the RME (r = —0.52, p = 0.02) and the left CDT at the dorsum and the index correlated with
the EK-60F subscore for surprise (r = 0.57, p = 0.01 and r = 0.54, p = 0.01, respectively). In
non-alexithymic patients, the HPT at the left little finger is inversely correlated with the
EK-60F subscore for fear (r = —0.50, p = 0.002).

4.6. Sensory Phenotype and Emotion Processing Characteristics

The results of the EK-60F and RME in patients grouped according to the presence and
type of sensory loss (L0, L1, L2, L3) and allodynia (G0, G1, G2, and G3) are summarized in
Tables 4 and 5. Patients with L3 had a significantly lower RME than patients with L0, L1,
and L2. Patients with G2 had a lower RME than patients with GO and G1. Patients with G2
had a lower EK-60F overall score than patients with G1 and a lower subscore for surprise
than patients with GO and G1. Patients with G3 had a higher EK-60F subscore for fear than
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patients with GO and G2. L0 was more common in non-alexithymic than in moderate-high
alexithymic patients (12 of 37 vs. 2 of 25, p = 0.02).

Table 4. Summary of Ekman 60-Faces Test, Empathy quotient, and Reading the Mind in the Eyes Test
according to presence and severity of sensory loss.

Test LO L1 L2 L3
Ekman 60-Faces

Overall score 484 +5.1 465+ 4.6 472 +3.7 463+ 7.6
Happiness 9.6 0.8 9.8 £0.6 9.8+ 04 9.8 £0.8
Surprise 9.6 £ 0.6 92+1.0 9.1+0.8 84+23
Anger 71+£16 6.7+ 14 6.7 +t14 74+17
Disgust 85+1.5 88+ 1.1 84+09 84+20
Sadness 74+15 70+1.9 79408 71+17
Fear 64 +20 49422 51+26 48 +25
RME 255+4.02 250+462 254 +1042 21.6 =45
GHQ-12 1.7 £2.0 2.8 +4.0 52+74 34+44

GHQ-12 = General Health Questionnaire; LO = no loss of thermal/pain and vibration/touch; L1 = loss of
thermal/pain; L2 = loss of vibration or touch sense; L3 = combined loss of thermal/pain and vibration/touch;
RME = Reading the Mind in the Eyes Test. # p < 0.05 versus L3.

Table 5. Summary of Ekman 60-Faces Test and Reading the Mind in the Eyes Test according to
presence and severity of allodynia.

Test GO G1 G2 G3
Ekman 60-Faces
Overall score 469 +5.3 50.0+4.72 439 +7.2 51 +1.0
Happiness 9.7 £ 0.6 10 £ 0.1 95+0.1 93 +£0.6
Surprise 9.08+1.72 96 +072 83+17 9.0+1.0
Anger 73+12 71+17 6.1+21 76+23
Disgust 84+14 8.6 +15 85+21 9.3+0.6
Sadness 73+16 79+1.1 7+17 76 +23
Fear 51+20Pb 6.7 +232 40+28P 8+0.0
RME 24 +452 264+4.1° 221 +11.1 24+ 3.6
GHQ-12 2.8 +£3.75 125 +2.18%2 6.27 +7.5 2.66 £ 3.05

GO =no allodynia; G1 = allodynia for heat; G2 = allodynia for mechanical stimuli; G3 = combined allodynia for
heat and mechanical stimuli; GHQ-12 = General Health Questionnaire; RME = Reading the Mind in the Eyes Test.
ap <0.05vs. G2;? p < 0.05 vs. G3.

4.7. General Linear Model Analysis

The following characteristics were included in the univariate analysis to assess their
relationship with the QST parameters: alexithymia group, EK-60F overall score, RME, GHQ-
12 score, and NRS (see Table 6). Univariate analysis showed an effect of the alexithymia
group and the RME on the VDT z-score of the left index finger and of the RME on the VDT
z-score of the left little finger. In the multivariate analysis, only the effect of the alexithymia
group on the left index finger VDT z-score remained.

The univariate analysis revealed an effect of the EK-60F on the RME (3 = 476.72,
F =32.43, p < 0.0001). There was no effect of years of education on the QST parameters.



Med. Sci. 2024, 12, 27

8of 11

Table 6. Summary of General Linear Model analysis.

B F P
Univariate analysis
Left index finger VDT z-score
Ekman 60-Faces 3.77 0.87 0.32
RME 12.83 4.46 0.04
Alexithymia group 49.79 13.61 0.0006
GHQ-12 5.29 1.2 0.279
NRS 217 0.47 0.497
Left little finger VDT z-score
Ekman 60-Faces 2.76 1.26 0.267
RME 9,76 7.44 0.009
Alexithymia group 9.31 3.54 0.065
GHQ-12 3.13 1.1 0.29
NRS 1.72 0.58 0.45
Multivariate analysis
Left index VDT z-score
RME 8.65 3.63 0.06
Alexithymia group 11.24 4.71 0.03

GHQ-12 = General Health Questionnaire; NRS = numeric rating scale; RME = Reading the Mind in the Eyes; VDT
= vibration detection threshold.

5. Discussion

In this study, we investigated all three levels of analysis that characterize emotion
processing according to the existing literature [6,11,12], i.e., emotion recognition, emotion
representation, and emotion regulation, in patients with PNP. To this end, we used a
series of standardized tests and the QST, i.e., a set of psychophysical tests used to assess
somatosensory function.

The GLM analysis confirms the relationship between alexithymia and VDT z-scores
at the left index finger described in a previous study [7]. In addition, the GLM analysis
shows that the VDT z-scores at the little finger also correlates with RME, demonstrating
the relationship between vibration perception at the left hand and both emotion regulation
and emotion representation in patients with neuropathic pain. The striking association of
vibration perception on the left hand with emotion processing is consistent with the known
role of the right hemisphere in this critical skill [42,43].

About the relationship between the VDT z-scores of the QST and both the RME and
EK-60F results, it is also important to note that it has been hypothesized that the skin and
its somatosensory afferent projections to the somatosensory cortex make a crucial contri-
bution to the experience of emotions [23]. Consistent with this, activation of the primary
somatosensory cortex during interpersonal touch is modulated by the facial expression and
gender of the touching person, as demonstrated by fMRI [44] and somatosensory evoked
potential data [45]. The results reported here provide further support for this hypothesis at
the psychophysiological level of analysis.

In line with previous studies [6,46,47], we found reduced performance on the overall
EK-60F in alexithymic patients. In these patients, left CDT z-scores also correlated with
the EK-60F subscore for surprise, which is a predictor of alexithymia [47]. In contrast,
in non-alexithymic patients, sensitivity to heat pain is inversely related to the EK-60F
subscore for fear. In non-alexithymic, but not in highly alexithymic subjects, emotion
recognition of fear increases the accuracy of touch detection in the Visual Remapping
of Touch paradigm, while this is not the case for emotion recognition of happiness [48].
This observation is consistent with the relationship we found between different sensory
modalities (CDT vs. HPT) and different EK-60F subscores (surprise vs. fear) in alexithymic
versus non-alexithymic patients.
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In our previous report [7] and the present study, we found no association between pain
intensity assessed with the NRS procedure and both disability assessed with the GHQ-12
and alexithymia. Furthermore, we found no significant association between the RME or EK-
60F and pain intensity in the present study. These results are consistent with the observation
that in patients with neuropathic pain, repetitive transcranial magnetic stimulation of
the motor cortex reduced the intensity of perceived pain but did not alter the affective
dimension of pain [49]. Similar results were found in patients with fibromyalgia [50]. These
observations support the concept that the perception of pain and the “suffering” caused by
the pain itself operate along different pathways and that “suffering” plays an important
role in the disability associated with pain [51].

Limitations of the Study

In the current study, some limitations should be considered when generalizing the
results. Firstly, we used self-report instruments to assess psychological variables, quality of
health, and social support. In addition to these instruments, structured interviews should
be used. Secondly, due to the cross-sectional design of this study, it is not possible to make
definitive statements about the causal relationship between the variables analyzed.

6. Conclusions

In this study, we have shown that patients with PNP exhibit impaired emotion recog-
nition and emotion representation and that these abnormalities are more pronounced in
patients with moderate/high alexithymia. We also show that emotion recognition and
emotion representation correlate with the impairment of vibration perception on the left
hand, but not with pain intensity. Together with the results of our previous study [7],
the present data suggest abnormalities in emotion processing at both intrapersonal and
interpersonal levels and a link between these abnormalities and somatosensory perception,
particularly vibration perception.

Overall, the results here reported contribute to the understanding of the emotion
processing profile of patients with PNP. The impairments reported here highlight the
importance of appropriately assessing emotion processing abilities in clinical practice. In
this way, clinicians may even be able to tailor treatment to the needs of each patient.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /medsci12020027/s1, Table S1: Summary of motor and sensitive
nerve conduction study (NCS) results; Table S2: Summary of CDT, HPT, and VDT (log and In
transformed data) at different sites in moderate-high and non-alexithymic patients.

Author Contributions: G.I, M.A. and R.B.A. conceptualized and designed the study and drafted the
initial manuscript. P.T., S.C., EL., EE, EM., A.C. and EP. collected the data and contributed to the
study design. 1.S. and G.M. performed the statistical analyses. All authors have read and agreed to
the published version of the manuscript.

Funding: M.A. and R.B.A. were supported by MUR of Italy (PRIN Project 20228P4H2K).

Institutional Review Board Statement: This study was conducted following the Declaration of
Helsinki and approved by the “Citta della Salute e della Scienza di Torino” Hospital (protocol number
2CEI778).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Written informed consent was obtained from patients for the publication of this article.

Data Availability Statement: The data sets used and/or analyzed in the current study are available
from the first author upon reasonable request.

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could have appeared to influence the work reported in this article.


https://www.mdpi.com/article/10.3390/medsci12020027/s1
https://www.mdpi.com/article/10.3390/medsci12020027/s1

Med. Sci. 2024, 12,27 10 of 11

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Raja, S.N.; Carr, D.B.; Cohen, M.; Finnerup, N.B.; Flor, H.; Gibson, S.; Keefe, FJ.; Mogil, ].S.; Ringkamp, M.; Sluka, K.A; et al. The
revised International Association for the Study of Pain definition of pain: Concepts, challenges, and compromises. Pain 2020, 161,
1976-1982. [CrossRef] [PubMed]

Nicholas, M.; Vlaeyen, ].W.S,; Rief, W.; Barke, A.; Aziz, Q.; Benoliel, R.; Cohen, M.; Evers, S.; Giamberardino, M. A.; Goebel, A.;
et al. The IASP classification of chronic pain for ICD-11: Chronic primary pain. Pain 2019, 160, 28-37. [CrossRef] [PubMed]
Damasio, A.R. Descartes” Error; Putman: New York, NY, USA, 1994.

Malezieux, M.; Klein, A.S.; Gogolla, N. Neural circuits for emotion. Annu. Rev. Neurosci. 2023, 46, 211-231. [CrossRef] [PubMed]
Rolls, E.T. Limbic systems for emotion and for memory, but no single limbic system. Cortex 2015, 62, 119-157. [CrossRef]
[PubMed]

Di Tella, M.; Enrici, I.; Castelli, L.; Colonna, F.; Fusaro, E.; Ghiggia, A.; Romeo, A.; Tesio, V.; Adenzato, M. Alexithymia, not
fibromyalgia, predicts the attribution of pain to anger-related facial expressions. J. Affect. Disord. 2018, 227, 272-279. [CrossRef]
[PubMed]

Isoardo, G.; Ciullo, S.; Titolo, P.; Fontana, E.; Battiston, B.; Stella, M.; Luxardo, N.; Laino, F.; Migliaretti, G.; Stura, I.; et al. The
relationship between alexithymia, sensory phenotype and neurophysiological parameters in patients with chronic upper limb
neuropathy. J. Neural Transm. 2021, 128, 61-71. [CrossRef]

Sifneos, P.E. The prevalence of ‘alexithymic’ characteristics in psychosomatic patients. Psychother. Psychosom. 1973, 22, 255-262.
[CrossRef] [PubMed]

Lane, R.D.; Weihs, K.L.; Herring, A.; Hishaw, A.; Smith, R. Affective agnosia: Expansion of the alexithymia construct and a new
opportunity to integrate and extend Freud’s legacy. Neurosci. Biobehav. Rev. 2015, 55, 594-611. [CrossRef] [PubMed]

Di Tella, M.; Adenzato, M.; Catmur, C.; Miti, F; Castelli, L.; Ardito, R.B. The role of alexithymia in social cognition: Evidence from
a non-clinical population. . Affect. Disord. 2020, 273, 482-492. [CrossRef]

Enrici, I.; Adenzato, M.; Ardito, R.B.; Mitkova, A.; Cavallo, M.; Zibetti, M.; Lopiano, L.; Castelli, L. Emotion processing in
Parkinson’s disease: A three-level study on recognition, representation, and regulation. PLoS ONE 2015, 10, e0131470. [CrossRef]
Enrici, I; Mitkova, A.; Castelli, L.; Lanotte, M.; Lopiano, L.; Adenzato, M. Deep Brain Stimulation of the subthalamic nucleus does
not negatively affect social cognitive abilities of patients with Parkinson’s disease. Sci. Rep. 2017, 7, 9413. [CrossRef] [PubMed]
Finnerup, N.B.; Haroutounian, S.; Kamerman, P.; Baron, R.; Bennett, D.L.; Bouhassira, D.; Cruccu, G.; Freeman, R.; Hansson, P;
Nurmikko, T.; et al. Neuropathic pain: An updated grading system for research and clinical practice. Pain 2016, 157, 1599-1606.
[CrossRef] [PubMed]

Scholz, J.; Finnerup, N.B.; Attal, N.; Aziz, Q.; Baron, R.; Bennett, M.1; Benoliel, R.; Cohen, M.; Cruccu, G.; Davis, K.D.; et al. The
IASP classification of chronic pain for ICD-11: Chronic neuropathic pain. Pain 2019, 160, 53-59. [CrossRef] [PubMed]

Geber, C; Klein, T.; Azad, S.; Birklein, F; Gierthmiihlen, J.; Huge, V.; Lauchart, M.; Nitzsche, D.; Stengel, M.; Valet, M.; et al.
Test-retest and interobserver reliability of quantitative sensory testing according to the protocol of the German Research Network
on Neuropathic Pain (DFNS): A multi-centre study. Pain 2011, 152, 548-556. [CrossRef] [PubMed]

Backonja, M.M.; Attal, N.; Baron, R.; Bouhassira, D.; Drangholt, M.; Dyck, PJ.; Edwards, R.R.; Freeman, R.; Gracely, R.; Haanpaa,
M.H,; et al. Value of quantitative sensory testing in neurological and pain disorders: NeuPSIG consensus. Pain 2013, 154,
1807-1819. [CrossRef]

von Hehn, C.A.; Baron, R.; Woolf, C.J. Deconstructing the neuropathic pain phenotype to reveal neural mechanisms. Neuron 2012,
73, 638-652. [CrossRef] [PubMed]

Isoardo, G.; Rota, E.; Ciullo, S.; Titolo, P.; Matteoni, E.; Stura, I.; Calvo, A.; Fontana, E.; Battiston, B.; Migliaretti, G.; et al.
Psychophysiological and neurophysiological correlates of dropping objects from hands in carpal tunnel syndrome. Brain Sci.
2023, 13, 1576. [CrossRef] [PubMed]

Smith, S.M.; Dworkin, R.H.; Turk, D.C.; Baron, R.; Polydefkis, M.; Tracey, I.; Borsook, D.; Edwards, R.R.; Harris, R.E.; Wager, T.D,;
et al. The potential role of sensory testing, skin biopsy, and functional brain imaging as biomarkers in chronic pain clinical trials:
IMMPACT considerations. J. Pain 2017, 18, 757-777. [CrossRef]

Treede, R.-D. The role of quantitative sensory testing in the prediction of chronic pain. Pain 2019, 160 (Suppl. S1), S66-S69.
[CrossRef]

Rosenberger, D.C.; Blechschmidt, V.; Timmerman, H.; Wolff, A.; Treede, R.-D. Challenges of neuropathic pain: Focus on diabetic
neuropathy. J. Neural Transm. 2020, 127, 589-624. [CrossRef]

Witney, A.G.; Wing, A.; Thonnard, J.-L.; Smith, A.M. The cutaneous contribution to adaptive precision grip. Trends Neurosci. 2004,
27, 637-643. [CrossRef]

Khalsa, S.S.; Rudrauf, D.; Feinstein, ].S.; Tranel, D. The pathways of interoceptive awareness. Nat. Neurosci. 2009, 12, 1494-1496.
[CrossRef]

Schug, S.A.; Lavand'Homme, P; Barke, A.; Korwisi, B.; Rief, W.; Treede, R.-D.; IASP Taskforce for the Classification of Chronic
Pain. The IASP classification of chronic pain for ICD-11: Chronic postsurgical or posttraumatic pain. Pain 2019, 160, 45-52.
[CrossRef] [PubMed]

American Academy of Neurology. Practice parameter for carpal tunnel syndrome (summary statement): Report of the quality
standards Subcommittee of the American Academy of Neurology. Neurology 1993, 43, 2406-2409. [CrossRef]


https://doi.org/10.1097/j.pain.0000000000001939
https://www.ncbi.nlm.nih.gov/pubmed/32694387
https://doi.org/10.1097/j.pain.0000000000001390
https://www.ncbi.nlm.nih.gov/pubmed/30586068
https://doi.org/10.1146/annurev-neuro-111020-103314
https://www.ncbi.nlm.nih.gov/pubmed/36917821
https://doi.org/10.1016/j.cortex.2013.12.005
https://www.ncbi.nlm.nih.gov/pubmed/24439664
https://doi.org/10.1016/j.jad.2017.10.048
https://www.ncbi.nlm.nih.gov/pubmed/29127814
https://doi.org/10.1007/s00702-020-02282-z
https://doi.org/10.1159/000286529
https://www.ncbi.nlm.nih.gov/pubmed/4770536
https://doi.org/10.1016/j.neubiorev.2015.06.007
https://www.ncbi.nlm.nih.gov/pubmed/26054794
https://doi.org/10.1016/j.jad.2020.05.012
https://doi.org/10.1371/journal.pone.0131470
https://doi.org/10.1038/s41598-017-09737-6
https://www.ncbi.nlm.nih.gov/pubmed/28842656
https://doi.org/10.1097/j.pain.0000000000000492
https://www.ncbi.nlm.nih.gov/pubmed/27115670
https://doi.org/10.1097/j.pain.0000000000001365
https://www.ncbi.nlm.nih.gov/pubmed/30586071
https://doi.org/10.1016/j.pain.2010.11.013
https://www.ncbi.nlm.nih.gov/pubmed/21237569
https://doi.org/10.1016/j.pain.2013.05.047
https://doi.org/10.1016/j.neuron.2012.02.008
https://www.ncbi.nlm.nih.gov/pubmed/22365541
https://doi.org/10.3390/brainsci13111576
https://www.ncbi.nlm.nih.gov/pubmed/38002536
https://doi.org/10.1016/j.jpain.2017.02.429
https://doi.org/10.1097/j.pain.0000000000001544
https://doi.org/10.1007/s00702-020-02145-7
https://doi.org/10.1016/j.tins.2004.08.006
https://doi.org/10.1038/nn.2411
https://doi.org/10.1097/j.pain.0000000000001413
https://www.ncbi.nlm.nih.gov/pubmed/30586070
https://doi.org/10.1212/WNL.43.11.2406

Med. Sci. 2024, 12,27 11 0f 11

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Jablecki, C.K.; Andary, M.T; Floeter, M.K,; Miller, R.G.; Quartly, C.A.; Vennix, M.].; Wilson, J.R. Practice parameter: Electrodiag-
nostic studies in carpal tunnel syndrome: Report of the American Association of Electrodiagnostic Medicine, American Academy
of Neurology, and the American Academy of Physical Medicine and Rehabilitation. Neurology 2002, 58, 1589-1592. [CrossRef]
Ferrante, M.A. Brachial plexopathies: Classification, causes, and consequences. Muscle Nerve 2004, 30, 547-568. [CrossRef]
[PubMed]

Mondelli, M.; Giannini, F,; Ballerini, M.; Ginanneschi, F.; Martorelli, E. Incidence of ulnar neuropathy at the elbow in the province
of Siena (Italy). J. Neurol. Sci. 2005, 234, 5-10. [CrossRef]

Isoardo, G.; Stella, M.; Cocito, D.; Risso, D.; Migliaretti, G.; Cauda, F.; Palmitessa, A.; Faccani, G.; Ciaramitaro, P. Neuropathic
pain in post-burn hypertrophic scars: A psychophysical and neurophysiological study. Muscle Nerve 2012, 45, 883-890. [CrossRef]
Bouhassira, D.; Attal, N.; Alchaar, H.; Boureau, F.; Brochet, B.; Bruxelle, J.; Cunin, G.; Fermanian, J.; Ginies, P.; Grun-Overdyking,
A.; et al. Comparison of pain syndromes associated with nervous or somatic lesions and development of a new neuropathic pain
diagnostic questionnaire (DN4). Pain 2005, 114, 29-36. [CrossRef]

Jensen, M.P,; McFarland, C.A. Increasing the reliability and validity of pain intensity measurement in chronic pain patients. Pain
1993, 55, 195-203. [CrossRef]

Maier, C.; Baron, R.; Tolle, TR; Binder, A.; Birbaumer, N.; Birklein, F; Gierthmiihlen, J.; Flor, H.; Geber, C.; Huge, V.; et al.
Quantitative sensory testing in the German Research Network on Neuropathic Pain (DFNS): Somatosensory abnormalities in
1236 patients with different neuropathic pain syndromes. Pain 2010, 150, 439-450. [CrossRef]

Ekman, P; Friesen, W.V. Pictures of Facial Affect; Consulting Psychologists Press: Palo Alto, CA, USA, 1976.

Baron-Cohen, S.; Wheelwright, S.; Hill, J.; Raste, Y.; Plumb, I. The “Reading the Mind in the Eyes” Test revised version: A study
with normal adults, and adults with Asperger syndrome or high-functioning autism. J. Child Psychol. Psychiatry 2001, 42, 241-251.
[CrossRef]

Shamay-Tsoory, S.G.; Aharon-Peretz, J. Dissociable prefrontal networks for cognitive and affective theory of mind: A lesion study.
Neuropsychologia 2007, 45, 3054-3067. [CrossRef] [PubMed]

Di Tella, M.; Ardito, R.B.; Dutto, F.; Adenzato, M. On the (lack of) association between theory of mind and executive functions: A
study in a non-clinical adult sample. Sci. Rep. 2020, 10, 17283. [CrossRef] [PubMed]

Bagby, R.M.; Parker, ].D.A.; Taylor, G.J. The twenty-item Toronto Alexithymia Scale—I. Item selection and cross-validation of the
factor structure. J. Psychosom. Res. 1994, 38, 23-32. [CrossRef]

Bagby, R.; Taylor, G.J.; Parker, ].D. The Twenty-item Toronto Alexithymia Scale—II. Convergent, discriminant, and concurrent
validity. J. Psychosom. Res. 1994, 38, 33—40. [CrossRef] [PubMed]

Goldberg, D.P; Williams, P. A Users” Guide to the General Health Questionnaire; GL Assessment: London, UK, 1988.

Rolke, R.; Baron, R.; Maier, C.; Tolle, T.R.; Treede, R.-D.; Beyer, A.; Binder, A.; Birbaumer, N.; Birklein, F.; Botefiir, I.C.; et al.
Quantitative sensory testing in the German Research Network on Neuropathic Pain (DFNS): Standardized protocol and reference
values. Pain 2006, 123, 231-243. [CrossRef]

Padua, L.; Pasqualetti, P.; Rosenbaum, R. One patient, two carpal tunnels: Statistical and clinical analysis--by hand or by patient?
Clin. Neurophysiol. 2005, 116, 241-243. [CrossRef]

Ho, N.S.; Wong, M.M.; Lee, TM. Neural connectivity of alexithymia: Specific association with major depressive disorder. J. Affect.
Disord. 2016, 193, 362-372. [CrossRef]

Donges, U.-S.; Suslow, T. Alexithymia and automatic processing of emotional stimuli: A systematic review. Rev. Neurosci. 2017,
28,247-264. [CrossRef]

Gazzola, V.; Spezio, M.L.; Etzel, J.A.; Castelli, F.; Adolphs, R.; Keysers, C. Primary somatosensory cortex discriminates affective
significance in social touch. Proc. Natl. Acad. Sci. USA 2012, 109, 1657-1666. [CrossRef]

Ravaja, N.; Harjunen, V.; Ahmed, I.; Jacucci, G.; Spapé, M.M. Feeling touched: Emotional modulation of somatosensory potentials
to interpersonal touch. Sci. Rep. 2017, 7, 40504. [CrossRef]

Parker, ].D.; Taylor, G.J.; Bagby, M. Alexithymia and the recognition of facial expressions of emotion. Psychother. Psychosom. 1993,
59, 197-202. [CrossRef]

Farhoumandi, N.; Mollaey, S.; Heysieattalab, S.; Zarean, M.; Eyvazpour, R. Facial emotion recognition predicts alexithymia using
machine learning. Comput. Intell. Neurosci. 2021, 2021, 2053795. [CrossRef] [PubMed]

Scarpazza, C.; di Pellegrino, G.; Ladavas, E. Emotional modulation of touch in alexithymia. Emotion 2014, 14, 602—-610. [CrossRef]
Attal, N.; Poindessous-Jazat, F.; De Chauvigny, E.; Quesada, C.; Mhalla, A.; Ayache, S.S.; Fermanian, C.; Nizard, J.; Peyron,
R.; Lefaucheur, J.-P.; et al. Repetitive transcranial magnetic stimulation for neuropathic pain: A randomized multicentre
sham-controlled trial. Brain 2021, 144, 3328-3339. [CrossRef] [PubMed]

Choo, YJ.; Kwak, S5.G.; Chang, M.C. Effectiveness of Repetitive Transcranial Magnetic Stimulation on Managing Fibromyalgia: A
Systematic Meta-Analysis. Pain Med. 2022, 23, 1272-1282. [CrossRef] [PubMed]

De Ridder, D.; Adhia, D.; Vanneste, S. The anatomy of pain and suffering in the brain and its clinical implications. Neurosci.
Biobehav. Rev. 2021, 130, 125-146. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1212/wnl.58.11.1589
https://doi.org/10.1002/mus.20131
https://www.ncbi.nlm.nih.gov/pubmed/15452843
https://doi.org/10.1016/j.jns.2005.02.010
https://doi.org/10.1002/mus.23259
https://doi.org/10.1016/j.pain.2004.12.010
https://doi.org/10.1016/0304-3959(93)90148-I
https://doi.org/10.1016/j.pain.2010.05.002
https://doi.org/10.1111/1469-7610.00715
https://doi.org/10.1016/j.neuropsychologia.2007.05.021
https://www.ncbi.nlm.nih.gov/pubmed/17640690
https://doi.org/10.1038/s41598-020-74476-0
https://www.ncbi.nlm.nih.gov/pubmed/33057089
https://doi.org/10.1016/0022-3999(94)90005-1
https://doi.org/10.1016/0022-3999(94)90006-x
https://www.ncbi.nlm.nih.gov/pubmed/8126688
https://doi.org/10.1016/j.pain.2006.01.041
https://doi.org/10.1016/j.clinph.2004.08.006
https://doi.org/10.1016/j.jad.2015.12.057
https://doi.org/10.1515/revneuro-2016-0049
https://doi.org/10.1073/pnas.1113211109
https://doi.org/10.1038/srep40504
https://doi.org/10.1159/000288664
https://doi.org/10.1155/2021/2053795
https://www.ncbi.nlm.nih.gov/pubmed/34621306
https://doi.org/10.1037/a0035888
https://doi.org/10.1093/brain/awab208
https://www.ncbi.nlm.nih.gov/pubmed/34196698
https://doi.org/10.1093/pm/pnab354
https://www.ncbi.nlm.nih.gov/pubmed/34983056
https://doi.org/10.1016/j.neubiorev.2021.08.013
https://www.ncbi.nlm.nih.gov/pubmed/34411559

	Introduction 
	Materials and Methods 
	Participants 
	Nerve Conduction Studies (NCSs) 
	Quantitative Sensory Testing (QST) 
	Emotion Processing and General Health Assessment 

	Statistical Analysis 
	Results 
	Demographic, Clinical, and NCS Findings 
	QST Evaluation and Sensory Phenotype 
	Emotion Processing and Health Quality Evaluation 
	Correlation Analysis between Emotion Processing Characteristics 
	Correlation Analysis between QST Profile and Emotion Processing Characteristics 
	Sensory Phenotype and Emotion Processing Characteristics 
	General Linear Model Analysis 

	Discussion 
	Conclusions 
	References

