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Objective: A wide range of non-motor symptoms such as pain, mood disorders,
insomnia, and executive dysfunction may occur in focal dystonia. Little is known,
however, about emotional processing. We aim to assess emotion recognition
and alexithymia in patients with cervical dystonia (CD) compared to healthy
age-, sex- and education-matched controls (HC).

Methods: Emotion processing was assessed with an eye-tracking paradigm
using a validated dataset of facial expressions and the Toronto Alexithymia Scale
(TAS-20). Dystonia severity and disability, cognition, and comorbid depression
and anxiety were also assessed.

Results: We recruited 35 CD patients and 17 matched HC. In the eye-tracking
task, CD patients recognized emotions less accurately than HCs (77.0% vs. 84.4%;
p = 0.001), primarily based on difficulties in identification of fear (p = 0.003)
and surprise (p = 0.037). Moreover, patients had longer fixations within the
mouth region (p = 0.027) and left eye (p = 0.037) than HC. CD patients also had
significantly higher total TAS-20 scores (p = 0.002) and subscores (difficulty
identifying and describing feelings; all p < 0.026). Five patients (14.3%) reached
the threshold for alexithymia and 6 (17.1%) for possible alexithymia. No HC
scored positive for alexithymia and only 2 (11.8%) did for possible alexithymia.
TAS-20 score correlated inversely with emotion recognition task performance
(r=-0411; p = 0.014).

Interpretation: We found poorer performance in emotion recognition in CD
patients compared to HC. Together with a different gaze pattern and higher
scores for alexithymia our results highlight deficits in emotion processing in CD.

KEYWORDS

cervical dystonia, eye-tracking technology, facial recognition, emotions,
neuropsychological test

1 Introduction

Isolated Cervical Dystonia (CD) is the most common adult-onset form of dystonia and is
characterized by abnormal head and neck posturing caused by involuntary muscle contractions
(Albanese et al., 2023). Dystonia was traditionally seen as a basal ganglia disorder. However,
recent neuroimaging and-physiology studies reveal that CD may be caused by a dysfunctional
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complex network involving the brain stem, cortex, cerebellum, and
basal ganglia (Albanese et al., 2023; O'Connor et al.,, 2024). Therefore,
it is not surprising that CD patients can also suffer from a variety of
non-motor complaints such as depression, pain, anxiety, or sleep
disturbances, which often result in reduced quality of life (QoL;
Albanese et al., 2023; O'Connor et al., 2024). Executive dysfunction and
aspects of social cognition (Czekoova et al., 2017) have been studied in
CD but less is known about other cognitive domains (O'Connor et al.,
2024; Defazio et al., 2024). Particularly, studies focusing on emotion
recognition are scarce (Coenen et al., 2024). Emotional processing
combines the ability to percept social information (e.g., facial
expressions), to relate feelings or intentions to behavior of oneself or
others (e.g., theory of mind), and to be empathetic. It is the cornerstone
of understanding and adapting behavior in social contexts (Coenen
et al., 2024; Adolphs, 2001). The inability to recognize other people’s
emotions from their facial expressions is related to alexithymia.
Alexithymia describes a personality trait characterized by difficulties
recognizing, differentiating and describing emotional states, an
externally-orientated thinking style, and limited imaginative capacity.
Alexithymia is common in psychiatric and neuropsychological
disorders (Coenen et al., 2024; Pisani et al., 2021). Data on the
prevalence and impact in neurological disorders mostly focused on
patients with Parkinsons Disease (Ricciardi et al., 2015).

The presence of alexithymia may complicate emotional processing
and regulation in CD patients, potentially diminishing coping
mechanisms and increasing psychological distress. Consequently, it
may hinder interpersonal relationships, contribute to social withdrawal,
and exacerbate psychiatric comorbidities such as anxiety disorders or
depression, which are already prevalent in this population. Studying
emotion recognition in CD is therefore essential for understanding the
full scope of cognitive and social impairments these patients face that
mostly are in the prime of their life during disease evolution. We believe
that impaired emotional processing in CD is an integral part of the
neurodegenerative process impairing the mentioned neuronal network,
not merely a secondary consequence of motor symptoms.

Hence, in this study, we aimed to assess emotional recognition and
alexithymia in patients with CD compared to age-, sex-, and education-
matched healthy controls (HC). For assessment, we used the 20-item
Toronto Alexithymia Scale (TAS-20; Bagby et al., 1994) as a self-
reported questionnaire. In people with alexithymia, answering
questions on emotions and reproducing emotional states
characteristically is difficult (Ricciardi et al., 2015). To overcome these
challenges, we added an eye-tracking task to assess recognition of
facially expressed emotions as an objective measurement. Based on
previous studies in CD, we hypothesize that emotion recognition is
impaired in CD patients, independent of dystonia severity or emotional
state. By highlighting the link between CD and dysfunctional emotion
recognition, this research underscores the need for a more holistic,
interdisciplinary approach to CD management and contributes to a
broader understanding of the disorder’s multifaceted nature.

2 Methods
2.1 Participants

In this single-center pilot study, we consecutively included
patients with isolated idiopathic adult-onset CD (Albanese et al.,
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2023) from our specialized outpatient department as well as age-, sex-,
and education-matched HCs. Other exclusion criteria were selected
for possible bias on the outcome measurements and included a Mini-
Mental State Examination (MMSE; Folstein et al., 1975) score below
26 points, psychiatric disorders, and an uncorrected visual
impairment. Participants were not allowed to have drugs affecting the
central nervous system, except for antidepressants if on a stable
regimen for at least 4 weeks prior to testing.

The study was approved by the local ethics committee (approval
number: AN1979 336/4.19401/5.10 [4464a]). All individuals gave
written informed consent before participation. No subject received a
stipend for participation. All procedures were performed in
with the 1964 Helsinki
later amendments.

accordance declaration and its

2.2 Clinical assessment

Demographic data of all participants was taken by interview and
included sex, age, smoking status, and education years. CD patients
were evaluated for disease duration, the presence of tremor, type of
dystonia (phasic vs. tonic), and receiving botulinum neurotoxin
(BoNT) therapy. Clinical assessment of CD patients was performed
using a modified version of the Tsui scale (Poewe et al., 1998; Tsui
et al., 1986) and the Toronto Western Spasmodic Torticollis Rating
Scale (TWSTRS; Boyce et al., 2012). The subscales of the TWSTRS for
severity, disability, and pain were also calculated.

The Hospital Anxiety and Depression Scale (HADS; maximum
score of 21 points for the subscales for depression and anxiety; higher
points represent worse symptom burden; Zigmond and Snaith, 1983)
was used. A cut-off value of >8 points in the HADS anxiety (—A) or
depression (-D) subscale suggests the presence of clinical anxiety
disorders or depression (Zigmond and Snaith, 1983). To examine
alexithymia, the TAS-20 (Bagby et al., 1994) was administered in all
participants. A score of 52 to 60 points defines “possible alexithymia,”
while a score of 61 to 100 points is positive for “alexithymia” The
TAS-20 has three subscales: factor I describing a difficulty identifying
feelings (test items: 1, 3, 6, 7, 9, 13, 14), factor II regarding a difficulty
describing feelings (test items: 2, 4, 11, 12, 17), and factor III for
externally-oriented thinking (test items: 5, 8, 10, 15, 16, 18, 19, 20).
The TAS-20 is the most frequently used instrument for alexithymia
assessment in clinical and non-clinical settings with satisfactory
convergent and discriminant validity as well as high agreement to
observer ratings (Bagby et al., 1994).

2.3 Eye-tracking assessment

The facial emotion recognition task was performed in all subjects
using the Tobii TX-300 eye tracker with Tobii Pro Studio Software
3.4.8.1348. All participants were tested by the same investigator with
identical light conditions. Examination was performed in a
windowless and quiet room to minimize distractions. The task was
presented on a 23” screen at a measured viewing distance of 64 cm.
Eye positions on the screen were recorded by the eye-tracker as raw
data which were calculated by a software algorithm to determine
saccades and fixations. Saccades are movements of the eyes from one
point to another and fixation describes a halt in eye movement to
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obtain visual information. In this study, a temporal cut-oft of 50 ms
was used to distinguish between saccades (<50 ms) and fixations
(>50 ms; Negi and Mitra, 2020). Before performing the emotion
recognition task, the eye-tracker was individually calibrated for every
subjects. Before the display of any emotion, patients had to fixate on a
decentralized cross for 2s to avoid a systematic bias for central
exploitation. All 42 facial emotions were displayed for the same length
of 4,000 ms in the same order for every participant. Displayed
emotions could be neutral, disgust, joy, anger, surprise, fear, or despair
(sadness). The displayed faces were derived from the NimStim set of
facial expressions, a validated set used for emotion recognition studies
(Tottenham et al., 2009). After the display, a screen with all possible
answers was shown from which subjects had to choose their correct
answer and verbally communicate it to the investigator. The % of
correctly identified emotions was calculated. Besides the correct
answer in %, the time to first fixation on an area of interest (face, left
eye, right eye, mouth, nose; in sec), the total fixation duration on the
respective area (in sec), the average duration of one fixation on the
respective area (in sec), and the fixation count (overall) were
calculated. The face region included all areas not specified under the
other categories. If the time to first fixation on an area of interest was
<0.1 s, the test was excluded, as this implied noncompliance to fixate
on the decentralized cross before exploring the face.

Eye-tracking offers a valuable, objective complement to traditional
paper-based questionnaires in examining alexithymia. While
questionnaires like the TAS-20 rely on introspection and subjective
awareness—which are inherently impaired in alexithymia (Ricciardi
et al, 2015)—eye-tracking allows direct observation of how
individuals visually attend to emotional stimuli (e.g., facial
expressions). This provides insight into unconscious or automatic
processing of emotional information, revealing attentional biases or
avoidance patterns that are not captured through self-report. In this
study with CD patients, eye-tracking can help disentangle whether
deficits in emotion recognition stem from perceptual inattention,
cognitive processing issues, or emotional detachment. Thus,
integrating eye-tracking enhances the diagnostic validity of
alexithymia assessment which justifies the approach used in this study.

2.4 Statistical analyses

Categorical variables are given in number (n) and percent (%) of
the category (sex, smoking status, alexithymia, correct answer on the
eye-tracking task, CD origin, presence of tremor, BoNT therapy). For
continuous quantitative measures the mean with its standard deviation
were calculated. Group comparisons were made between CD patients
and HCs. For categorical data, group comparisons were based on
Qui-square test. Continuous variables were tested for normality with
the Kolmogorov-Smirnov test and Mann-Whitney-U test or unpaired
student’s t-test were used for group comparisons depending on the
scale type (see Table legends for details). Spearman’s rank-order
correlation (r) was used to test for any relationship of total TAS-20
score (not normally distributed) with the total result of the
eye-tracking emotion recognition task as well as TAS-20 with CD
severity (TWSTRS and subscores, Tsui Score), MMSE, emotional state
(HADS-A, HADS-D), and disease duration. Correlation coefficient (r)
absolute values between 0 and 0.09 are a negligible correlation, 0.1 to
0.39 a weak correlation, 0.4 to 0.69 a moderate correlation, 0.7 to 0.89
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a strong correlation, and 0.9 to 1.0 a very strong correlation (Schober
et al,, 2018). The significance level was set at a two-sided p-value of
<0.05. Due to the exploratory nature, a correction for multiple testing
was not applied. If adjustments would be made for multiple
comparisons, the set p-values according to Bonferroni’s correction are
displayed in the table legends. SPSS 25.0 for windows (SPSS Inc., IBM
Corporation and other(s) 1989, 2013, Chicago, IL) was used to
analyze data.

3 Results

We included 35 patients with isolated CD and 17 age-, sex-, and
education-matched HCs. Demographic characteristics are
summarized in Table 1. All patients received treatment with
BoNT. The mean time since last BONT injection was 101.3 + 12.2 days.
CD patients had higher overall HADS-A and HADS-D subscores
(6.2 £ 3.4 points and 4.5 + 3.3 points) compared to HC subjects
(3.4+2.3 points and 1.7 + 1.8 points; p=0.001 and p=0.002
respectively). Using predefined cut-off values, 9 (25.7%) CD patients
had a HADS-A score suggestive of clinical anxiety disorder and 6
(17.1%) CD patients had a HADS-D result suggestive of clinical
depression. Only 1 HC scored positive for anxiety disorders and none
for depression.

Patients with CD had a significantly higher mean TAS-20 Total
Score (48.2 £ 10.9 points) compared to HCs (38.5 + 8.7 points;
p=0.002). TAS-20 factor I, assessing difficulty in identifying
feelings, was also higher in CD patients (16.0 + 6.1 points) vs. HC
subjects (10.1 + 3.4 points; p < 0.001), as was TAS-20 factor IJ, i.e.,
difficulty describing feelings (11.7 + 3.2 points vs. 9.4 + 3.4 points;
p =0.026). There was no statistically significant difference in the
score of factor III of the TAS-20, i.e., externally-oriented thinking
(p =0.260). Five CD patients (14.3%) reached the threshold for
alexithymia (61-100 points) and six patients (17.1%) did for possible
alexithymia (52-60 points). No HC scored positive for alexithymia
and only 2 (11.8%) did for possible alexithymia (p = 0.199). HADS-A
and HAD-D scores also differed significantly between groups
(p < 0.002; Table 1). Total TAS-20 score significantly correlated with
overall HADS-A (r=0.497; p <0.001) and HADS-D (r = 0.677;
p <0.001) as well as dichotomized (cut-off >8 points) HADS-A
(r=10.108; p = 0.003) and HADS-D (r = 0.359; p = 0.009), but not
with the TWSTRS Total score (r=0.123; p = 0.482), TWSTRS
Severity subscore (r=0.096; p=0.582), TWSTRS Disability
subscore (r = 0.075; p = 0.670), TWSTRS Pain subscore (r = 0.171;
p=0.326), Tsui score (r=0.123; p=0.482), MMSE (r=0.077;
p =0.590), or disease duration (r = —0.222; p = 0.201). TAS-20 score
also correlated inversely with emotion recognition (r=—0.411;
p =0.014; Table 2). In the eye-tracking task, CD patients identified
significantly less emotions correctly than HCs (77.0 + 8.5% vs.
84.4+62%; p=0.001). CD patients recognized surprise
(87.2 £15.5% vs. 94.2 + 8.2%; p = 0.037) and fear (42.5 + 22.6% vs.
60.2 + 17.7%, p = 0.003) significantly less than HC. There was no
significant difference in recognizing disgust (p =0.082), joy
(p = 0.960), neutral faces (p = 0.142), anger (p = 0.070), and despair
(p = 0.459). We found differences in facial exploration patterns. CD
patients had longer fixations within the mouth region (p = 0.027)
and the left eye (p = 0.037) compared to that of HCs. There was,
however, no difference in the average duration of one fixation on the
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TABLE 1 Demographic and clinical data of the study population.

10.3389/fnins.2025.1599951

CD patients (n=35) Controls (n=17) p-value
Female sex, n (%) 26 (74.3) 11 (64.7) 0.525
Current smoker, n (%) 24 (68.6) 9(52.9) 0.272
Age (years) 60.8+9.7 55.7+11.4 0.122
MMSE 29.0+£ 1.1 29.1+£0.9 0.622
Education (years) 11.7+2.6 1.7+ 1.8 0.877
HADS-A 62+34 34+23 0.001
> 8 points, n (%) 9 (25.7) 1(5.9) 0.089
HADS-D 45+33 1.7+1.8 0.002
> 8 points, n (%) 6(17.1) 0(0) 0.070
TAS-20 Total Score 48.2+£10.9 385+8.7 0.002
TAS-20 Factor I 16.0 £ 6.1 10.1 £3.4 <0.001
TAS-20 Factor IT 11.7£3.2 94+34 0.026
TAS-20 Factor IIT 20.5+4.9 19.1£4.0 0.260
Alexithymia per TAS-20, n (%) 5(14.3) 0(0)
Possible alexithymia per TAS-20, n (%) 6(17.1) 2(11.8) 0.199
No alexithymia per TAS-20, n (%) 25 (68.6) 15 (88.2)
CD Origin - Idiopathic, n (%) 35 (100.0) NA NA
Disease duration (years) 16.7 £ 8.7 NA NA
Tremor present, n (%) 11 (31.4) NA NA
Botulinum neurotoxin therapy, n (%) 33 (94.3) NA NA
Time since last botulinum toxin injection (days) 101.3+12.2 NA NA
Tsui Total Score 4.9+ 3.0 NA NA
TWSTRS Total Score 29.1+8.8 NA NA
TWSTRS Severity Scale 15.1 £4.8 NA NA
TWSTRS Disability Scale 6.8+3.6 NA NA
TWSTRS Pain Scale 10.3£8.2 NA NA

Continuous data are presented as mean + standard deviation; categorical data as n, %. Group comparisons with unpaired t-test or Mann-Whitney-U test for continuous data (all data normally
distributed except for TAS-20 Total Score and TAS-20 Factor I) and Qui-square test for categorical data. Significance level: two-sided p < 0.05. If adjusting for multiple comparisons, the p-
values would be set at p < 0.00625 (0.05/8, not considering the subscores of the TAS-20). CD, cervical dystonia; MMSE, Mini Mental State Examination; HADS-A/D, Hospital Anxiety And
Depression Scale — Anxiety/Depression Subscale; TAS-20; 20-item Toronto Alexithymia Scale; TWSTRS, Toronto Western Spasmodic Torticollis Rating Scale; NA, not applicable. TAS-20
Factor I: Difficulty identifying feelings (test items 1, 3, 6, 7, 9, 13, 14); TAS-20 Factor II: Difficulty describing feelings (test items 2, 4, 11, 12, 17); TAS-20 Factor III: Externally-oriented thinking

(test items 5, 8, 10, 15, 16, 18, 19, 20).

whole face (p = 0.765), right eye (p = 0.874), and nose (p = 0.709)
between patients and HCs. Moreover, there was no statistically
significant difference in total fixation duration of any area of interest
(face, left eye, right eye, mouth, nose; all p > 0.323), time to first
fixation of any region (all p > 0.085) and fixation count (all p > 0.128)
between the groups (Table 2). Correlations analyses revealed no
differences between HADS-A, HADS-D and any eye tracking tasks
(all p > 0.1).

4 Discussion

We found significantly worse emotional recognition in patients
with CD compared to HCs. More specifically, alexithymia was
significantly more common in CD. The subdomain assessment
showed significantly more difficulties in CD patients with identifying
and describing feelings.

Frontiers in Neuroscience

Furthermore, CD patients recognized emotions less accurately
than HC, mostly based on impairments in surprise and fear
identification, which was independent of disease duration. Results of
the eye-tracking analysis and TAS-20 showed a moderate inverse
correlation, i.e., meaning that higher alexithymia scores correlated
with a lower correct identification of facial expressions on the
eye-tracker. Facial exploration also revealed that CD patients had a
longer fixation on the mouth and left eye regions but there were no
other differences to HCs.

These findings have several important clinical implications in
CD. The higher prevalence of alexithymia and significantly poorer
emotion recognition highlight the need for routine screening of
emotional and cognitive functioning in CD patients. These deficits
appear to not merely be byproducts of motor symptoms but to
represent core features that can substantially impact (psychosocial)
well-being and interpersonal relationships. The observed impairments
in recognizing specific emotions such as fear and surprise, which are
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TABLE 2 Results of the eye-tracking emotion recognition task and facial exploration strategies.

Rate % of correct emotion recognition CD patients (n = 35) Controls (n = 17) p-value
Disgust 80.1 +20.1 89.2+15.5 0.082
Joy 96.2 £8.2 96.1£7.2 0.960
Neutral 94.9 + 14.1 99.1+4.0 0.142
Anger 89.1+17.4 96.1 £9.8 0.070
Surprise 87.2+15.5 94.2 £8.2 0.037
Fear 42.5+22.6 60.2 +17.7 0.003
Despair 53.4+249 58.9+24.4 0.459
Total 77.0 £ 8.5 84.4+6.2 0.001
Facial exploration strategy AOI
Total fixation duration (in sec) Face 3.16 + 0.60 3.23+0.40 0.650
Left Eye 0.72 £ 0.41 0.77 £0.59 0.717
Right Eye 0.66 + 0.44 0.74 + 0.44 0.536
Mouth 0.80 £0.58 0.66 £ 0.36 0.365
Nose 0.80 £ 0.68 0.99 £ 0.56 0.323
Time to first fixation (in sec) Face 0.16 £ 0.09 0.15+0.10 0.795
Left Eye 1.40 £0.79 1.00 £ 0.61 0.085
Right Eye 1.12+£0.61 1.06 £ 0.50 0.721
Mouth 1.18 £ 1.01 0.98 £ 0.42 0.462
Nose 0.76 £ 0.62 0.58 £0.29 0.238
Average fixation duration of the respective AOI Face 0.34£0.11 0.33£0.12 0.765
(in sec) Left Eye 0.34 +0.09 032+0.17 0.037
Right Eye 0.32£0.08 0.32£0.15 0.874
Mouth 0.37+£0.17 0.29 +0.06 0.027
Nose 0.29£0.12 0.30 £0.27 0.709
Fixation count (overall) Face 9.88 +2.09 10.78 +2.08 0.152
Eyes 2.10+1.11 2.36 £0.97 0.412
Mouth 2.14+£1.10 231+1.37 0.629
Nose 2.59 £ 1.55 324+1.17 0.128

Emotion recognition represent % of correct identification of facial expression associated with the respective emotion. All data are presented as mean + standard deviation. Group comparisons
with unpaired t-test or Mann-Whitney-U test for continuous data (all normally distributed except for total duration of fixation on the left eye). Significance level: two-sided p < 0.05. If
adjusting for multiple comparisons, the p-values would be set at p < 0.007 (0.05/7) for the emotion recognition task and p < 0.01 (0.05/5) or p < 0.0125 (0.5/4) for the facial exploration

strategies. CD, cervical dystonia; AOI, area of interest; n, number. The face region includes all other areas of interest not specified.

crucial for social communication and threat detection, suggest that
CD patients may struggle in real-life social interactions, further
contributing to social withdrawal and reduced QoL.

The moderate inverse correlation between TAS-20 scores and
emotion recognition accuracy on the eye-tracking task supports
the validity of using multimodal assessment tools in clinical
settings. Incorporating eye-tracking as a diagnostic tool may help
with detecting emotional processing deficits that may otherwise
be unrecognized in self-report measures alone, especially in
individuals with high alexithymic traits. In our study, the absence
of a central fixation bias strengthens the interpretation of the
eye-tracking findings. It indicates that CD patients focus their gaze
on regions with potential key information (mouth, eyes) rather
than the center of the visual stimulus. This suggests intact
intentional attention to specific emotional cues and thus defect
emotional processing itself rather than default visual behavior.
Taken together, these results advocate for a more comprehensive,
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interdisciplinary approach to CD treatment, integrating
neurologic, psychological, and social components. Tailored
interventions, such as emotion recognition training or
psychotherapeutic support addressing alexithymia, may enhance
coping strategies and ultimately improve patient outcomes beyond
the motor domain.

Previous studies assessing facial emotion recognition in CD
patients yielded inconsistent results with most showing impairment
(Rinnerthaler et al., 2006; Ellement et al., 2021; Burke et al., 2020;
Mahady et al., 2023) and others normal function (Coenen et al., 2024).
These discrepancies may be explained by methodological differences,
e.g., in assessment methods or duration of stimuli presentation [e.g.,
computer-based tests vs. questionnaires; NimStim set of facial
expressions, stimulus presentation for 4,000 ms in our study vs.
computer-based Facially Expressed Emotion Labeling test; stimulus
presentation for 300 msec in Rinnerthaler et al. (2006)], small sample

sizes, or differences in patient characteristics. For example, in our
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study the disease duration as well as the severity were significantly
higher than in another study where using the computer-based Facial
Expression of Emotion: Stimuli and Tests revealed normal emotion
processing (16.7 + 6.1 vs. 10.84 + 8.15 years; Coenen et al., 2024). Our
results are in line with one previous study, which also showed deficits
in recognizing fearful facial expressions using the Affect Naming Task
from the Advanced Clinical Solutions for the Wechsler Adult
Intelligence Scale IV. They also showed difficulties in identifying
sadness, anger, and surprise compared to happiness and disgust
(Ellement et al., 2021). However, and in contrast to this study, eye
tracking was not assessed. CD disease duration was also not provided.
Other trials studying overall emotion recognition found that CD
patients experience difficulties in naming facial expressions
[computer-administered Name Face Affect (picture) task of the
Florida Affect Battery and Cambridge Mindreading Face-Voice
Battery] compared to HCs (Burke et al., 2020; Mahady et al., 2023)
and to normative data (Monaghan et al., 2021). Identification of facial
expressions was difficult for almost 25% of the CD patient cohort in
the second study (Monaghan et al., 2021), which is comparable to the
error rate found in our trial.

Our findings support the concept of CD being a network disorder
manifesting with motor as well as non-motor symptoms. Involvement
of the corpus callosum, thalamic projections, inferior fronto-occipital
fasciculus, and inferior temporal and superior orbital gyri were found
in CD patients, all of which are important for processing
interhemispheric information, sensorimotor information, and
executive control (Valeriani and Simonyan, 2020). In alexithymia,
which involves processing of emotional sensory input, a dysfunction
of the collicular-pulvinar-amygdala subcortical pathway was proposed
as pathological mechanism in CD patients (Hutchinson et al., 2018).
This pathway is believed to mediate non-conscious perception of
affective stimuli such as emotions, especially negative stimuli of
different sensory modalities, resulting in emotional processing and
consecutive actions via multiple neural networks (Kragel et al., 2021;
Pessoa and Adolphs, 2010).

Depression and anxiety are important comorbidities in CD
patients (O'Connor et al., 2024) and linked to alexithymia (Preece
et al., 2024). This is supported in our findings and results from other
studies assessing facial emotion recognition (Mahady et al., 2023).
Alexithymia represents a reduced capacity to accurately identify an
emotion. The correct identification of an emotion is believed to
be crucial to activate and facilitate down-stream emotion regulation
decisions (e.g., which emotion strategy to use as response to an input;
Preece et al., 2024). Not only may difficulties during this process lead
to negative long-term emotional outcomes such as anxiety disorders
or depression, but the psychopathological symptoms themselves may
negatively affect or limit the person’s capability to correctly recognize
emotional input (Preece et al., 2024). Diagnosing and treating anxiety
disorders and depression in CD patients may thus not only improve
their overall QoL (Smit et al., 2016), but also social cognition and thus
participation, highlighting the clinical importance.

Alexithymia was independent of cognition (MMSE) and motor
burden (TWSTRS, Tsui score) in our study, which also confirms
previous results (Defazio et al., 2024; Coenen et al., 2024; Ellement
etal,, 2021; Burke et al., 2020; Monaghan et al., 2021).

Our study has several limitations. As this study was exploratory in
nature, a power calculation was not performed. The small sample size may
be subject to a sample bias and thus limit generalizability. However, the

Frontiers in Neuroscience

10.3389/fnins.2025.1599951

sample size of our study cohorts is comparable to previous studies on the
subject. A larger sample size may be required for further studies to
broaden the applicability of the results and to capture the heterogeneity
present in the CD population, such as variations in symptom severity,
comorbidities, or influential factors. Depressive symptoms, and disease-
related pain and disability are known to be among the most important
predictors of QoL in the CD population (Smit et al., 2016). However,
difficulties in emotion recognition and thus social interaction are also
likely to contribute to worsened QoL. Since we did not administer any
measure on health-related QoL, no inferences can be made with regard
to this relationship on the basis of our data. Important strengths must
be noted. All CD patients were thoroughly assessed by movement
disorder specialists and clinical ratings were compared to a HC group. The
study also included assessment of depression and anxiety as important
comorbidities. Moreover, to test for alexithymia and facial emotion
recognition, we used not only a self-reported questionnaire, but also
eye-tracking as an objective measure. Eye-tracking is non-invasive,
time-and cost-effective and therefore has the potential to be a simple
biomarker of disease in both research and a clinical setting.

5 Conclusion

We found a high prevalence of possible and definite alexithymia
in CD (31%) compared to HCs (12%), especially regarding the
identification and description of feelings. Additionally, recognition of
facial emotional expressions was impaired in the eye-tracking analysis,
mostly due to difficulties with recognition of surprise and fear.
Visuospatial facial exploration appears to be intact in CD patients
without a central fixation bias. This is the first study to use an
eye-tracking task for objective assessment of emotion recognition and
facial exploration strategies in CD patients. This study highlights that
CD patients also have difficulties in social cognition. Previous studies
have shown how CD patients may have issues in recognizing other’s
emotions and intentions (i.e., impairments in the Theory of Mind).
Our results show that these patients may also have similar issues in the
perception of their own emotions (alexithymia). This lack of affective
perception, coupled with difficulties with correct identification of
facial emotional expressions may impair social interaction and
participation and thus the quality of life of the affected patients.

Larger and more diverse studies are needed to demonstrate the
general applicability of this findings in CD patients, to examine
alexithymia in the context of QoL and social withdrawal, to solidify
the added value of eye-tracking for identification of alexithymia in
clinical settings, and to assess targeted treatment options.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors upon reasonable request, without
undue reservation.

Ethics statement

The studies involving humans were approved by Ethics committee
of the Medical University of Innsbruck. The studies were conducted

frontiersin.org


https://doi.org/10.3389/fnins.2025.1599951
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Carbone et al.

in accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

FC: Visualization, Formal analysis, Data curation, Investigation,
Conceptualization, Resources, Methodology, Project administration,
Writing - review & editing. MP: Formal analysis, Data curation, Project
administration, Methodology, Writing - original draft. PE: Writing -
review & editing. BH: Writing - review & editing. WN: Writing - review
& editing. EI: Writing — review & editing. MA: Writing — review &
editing. PM: Writing - review & editing. AHu: Writing - review &
editing. AHo: Writing — review & editing. RG: Writing - review &
editing. KS: Writing - review & editing. AD: Supervision, Writing —
review & editing, Conceptualization, Investigation, Validation, Project
administration, Resources, Methodology. SB: Conceptualization,
Resources, Supervision, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

We want to thank all participants who voluntarily took
part in this study. Several authors are members of the European
Reference Network for Rare Neurological Diseases—Project ID
No 739510. We would like to thank the Developmental
Affective Neuroscience Lab (Columbia University in the city of
New York) for providing the NimStim set of facial expressions for
this study.

References

Adolphs, R. (2001). The neurobiology of social cognition. Curr. Opin. Neurobiol. 11,
231-239. doi: 10.1016/S0959-4388(00)00202-6

Albanese, A., Bhatia, K. P,, Cardoso, E, Comella, C., Defazio, G., Fung, V. S. C,, et al.
(2023). Isolated cervical dystonia: diagnosis and classification. Mov. Disord. 38,
1367-1378. doi: 10.1002/mds.29387

Bagby, R. M., Parker, J. D., and Taylor, G. J. (1994). The twenty-item Toronto
alexithymia scale—I. Item selection and cross-validation of the factor structure. J.
Psychosom. Res. 38, 23-32.

Boyce, M. J., Canning, C. G., Mahant, N., Morris, J., Latimer, J., and Fung, V. S.
(2012). The Toronto Western spasmodic torticollis rating scale: reliability in
neurologists and physiotherapists. Parkinsonism Relat. Disord. 18, 635-637. doi:
10.1016/j.parkreldis.2012.02.007

Burke, T., Monaghan, R., McCormack, D., Cogley, C., Pinto-Grau, M., O'Connor, S.,
et al. (2020). Social cognition in cervical dystonia: A case-control study. Clin Park Relat
Disord. 3:100072. doi: 10.1016/j.prdoa.2020.100072

Coenen, M. A,, Spikman, J. M., Smit, M., Klooster, J., Tijssen, M. A. J., and
Gerritsen, M. J. J. (2024). Moving on with (social) cognition in idiopathic
cervical dystonia. J. Int. Neuropsychol. Soc. 30, 464-470. doi: 10.1017/
S$1355617723011426

Czekoova, K., Zemankova, P, Shaw, D. J., and Bares, M. (2017). Social cognition and
idiopathic isolated cervical dystonia. J. Neural Transm. (Vienna) 124, 1097-1104. doi:
10.1007/s00702-017-1725-8

Defazio, G., Muroni, A., Taurisano, P, Gigante, A. E, Fanzecco, M., and Martino, D.
(2024). Are cognitive symptoms part of the phenotypic Spectrum of idiopathic adult-

Frontiers in Neuroscience

10.3389/fnins.2025.1599951

Conflict of interest

MP received speaking honoraria (lectures) by Candoro ethics
Austria. BH reports honoraria from Novartis AG, AbbVie, Bial and
grants from the Austrian science fund (FWF) outside the submitted
work. AHu reports speaking honoraria from Merz and AbbVie. KS
reports honoraria from the International Parkinson and Movement
Disorders Society, grants from the FWF Austrian Science Fund, the
Michael J. Fox Foundation, and the International Parkinson and
Movement Disorder Society, as well as personal fees from Teva, UCB,
Lundbeck, AOP Orphan Pharmaceuticals AG, AbbVie, Bial, Roche,
and Griinenthal outside the submitted work. SB reports honoraria
from the grants from the ERN RND, and FWF Austrian Science
Fund, the Friedreich Ataxia Research Alliance, and the International
Parkinson and Movement Disorder Society, as well as personal fees
from Biogen, AbbVie, Biohaven, Merz, VICO Pharmaceuticals and
Ipsen outside the submitted work. AD reports honoraria from Novo
Nordisk, Roche, Bial, and AbbVie.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

onset dystonia? Summary of evidence from controlled studies. Mov Disord Clin Pract.
11, 329-334. doi: 10.1002/mdc3.13978

Ellement, B., Jasaui, Y., Kathol, K., Nosratmirshekarlou, E., Pringsheim, T,, Sarna, J.,
etal. (2021). Social cognition in cervical dystonia: phenotype and relationship to anxiety
and depression. Eur. J. Neurol. 28, 98-107. doi: 10.1111/ene.14508

Folstein, M. E, Folstein, S. E., and McHugh, P. R. (1975). "Mini-mental state". A
practical method for grading the cognitive state of patients for the clinician. J. Psychiatr.
Res. 12, 189-198.

Hutchinson, M., McGovern, E. M., Narasimham, S., Beck, R., Reilly, R. B,
Walsh, C. D,, et al. (2018). The premotor syndrome of cervical dystonia: disordered
processing of salient environmental stimuli. Mov. Disord. 33, 232-237. doi:
10.1002/mds.27229

Kragel, P. A., Ceko, M., Theriault, J., Chen, D,, Satpute, A. B., Wald, L. W,, et al. (2021).
A human colliculus-pulvinar-amygdala pathway encodes negative emotion. Neuron 109,
2404-2412.e5. doi: 10.1016/j.neuron.2021.06.001

Mahady, L., White, J., Rafee, S., Yap, S. M., O'Riordan, S., Hutchinson, M., et al. (2023).
Social cognition in cervical dystonia. Clin Park Relat Disord. 9:100217. doi:
10.1016/j.prdoa.2023.100217

Monaghan, R., Cogley, C., Burke, T., McCormack, D., O'Riordan, S., Ndukwe, L, et al.
(2021). Non-motor features of cervical dystonia: cognition, social cognition,
psychological distress and quality of life. Clin Park Relat Disord. 4:100084. doi:
10.1016/j.prdoa.2020.100084

Negi, S., and Mitra, R. (2020). Fixation duration and the learning process: an eye
tracking study with subtitled videos. J. Eye Mov. Res. 13, 1-15. doi: 10.16910/jemr.13.6.1

frontiersin.org


https://doi.org/10.3389/fnins.2025.1599951
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/S0959-4388(00)00202-6
https://doi.org/10.1002/mds.29387
https://doi.org/10.1016/j.parkreldis.2012.02.007
https://doi.org/10.1016/j.prdoa.2020.100072
https://doi.org/10.1017/S1355617723011426
https://doi.org/10.1017/S1355617723011426
https://doi.org/10.1007/s00702-017-1725-8
https://doi.org/10.1002/mdc3.13978
https://doi.org/10.1111/ene.14508
https://doi.org/10.1002/mds.27229
https://doi.org/10.1016/j.neuron.2021.06.001
https://doi.org/10.1016/j.prdoa.2023.100217
https://doi.org/10.1016/j.prdoa.2020.100084
https://doi.org/10.16910/jemr.13.6.1

Carbone et al.

O'Connor, S., Hevey, D., Burke, T., Rafee, S., Pender, N., and O'Keeffe, F. (2024). A
systematic review of cognition in cervical dystonia. Neuropsychol. Rev. 34, 134-154. doi:
10.1007/s11065-022-09558-z

Pessoa, L., and Adolphs, R. (2010). Emotion processing and the amygdala: from a Tow
road' to 'many roads' of evaluating biological significance. Nat. Rev. Neurosci. 11,
773-782. doi: 10.1038/nrn2920

Pisani, S., Murphy, J., Conway, J., Millgate, E., Catmur, C., and Bird, G. (2021). The
relationship between alexithymia and theory of mind: a systematic review. Neurosci.
Biobehav. Rev. 131, 497-524. doi: 10.1016/j.neubiorev.2021.09.036

Poewe, W,, Deuschl, G., Nebe, A., Feifel, E., Wissel, ]., Benecke, R., et al. (1998). What
is the optimal dose of botulinum toxin a in the treatment of cervical dystonia? Results
of a double blind, placebo controlled, dose ranging study using Dysport. German
dystonia study group. J. Neurol. Neurosurg. Psychiatry 64, 13-17.

Preece, D. A., Mehta, A., Petrova, K., Sikka, P., Pemberton, E., and Gross, J. J. (2024).
Alexithymia profiles and depression, anxiety, and stress. J. Affect. Disord. 357, 116-125.
doi: 10.1016/j.jad.2024.02.071

Ricciardi, L., Demartini, B., Fotopoulou, A., and Edwards, M. J. (2015). Alexithymia
in neurological disease: a review. J. Neuropsychiatr. Clin. Neurosci. 27, 179-187. doi:
10.1176/appi.neuropsych.14070169

Frontiers in Neuroscience

08

10.3389/fnins.2025.1599951

Rinnerthaler, M., Benecke, C., Bartha, L., Entner, T., Poewe, W., and Mueller, J. (2006).
Facial recognition in primary focal dystonia. Mov. Disord. 21, 78-82. doi: 10.1002/mds.20659

Schober, P, Boer, C., and Schwarte, L. A. (2018). Correlation coefficients: appropriate use
and interpretation. Anesth. Analg. 126, 1763-1768. doi: 10.1213/ANE.0000000000002864

Smit, M., Kuiper, A., Han, V,, Jiawan, V. C., Douma, G., van Harten, B,, et al. (2016).
Psychiatric co-morbidity is highly prevalent in idiopathic cervical dystonia and
significantly influences health-related quality of life: results of a controlled study.
Parkinsonism Relat. Disord. 30, 7-12. doi: 10.1016/j.parkreldis.2016.06.004

Tottenham, N., Tanaka, J. W,, Leon, A. C., McCarry, T., Nurse, M., Hare, T. A,, et al.
(2009). The Nim stim set of facial expressions: judgments from untrained research
participants. Psychiatry Res. 168, 242-249. doi: 10.1016/j.psychres.2008.05.006

Tsui, J. K., Eisen, A., Stoessl, A. J., Calne, S., and Calne, D. B. (1986). Double-blind
study of botulinum toxin in spasmodic torticollis. Lancet 2, 245-247.

Valeriani, D., and Simonyan, K. (2020). A microstructural neural network biomarker
for dystonia diagnosis identified by a dystonia net deep learning platform. Proc. Natl.
Acad. Sci. USA 117, 26398-26405. doi: 10.1073/pnas.2009165117

Zigmond, A. S., and Snaith, R. P. (1983). The hospital anxiety and depression scale.
Acta Psychiatr. Scand. 67, 361-370.

frontiersin.org


https://doi.org/10.3389/fnins.2025.1599951
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1007/s11065-022-09558-z
https://doi.org/10.1038/nrn2920
https://doi.org/10.1016/j.neubiorev.2021.09.036
https://doi.org/10.1016/j.jad.2024.02.071
https://doi.org/10.1176/appi.neuropsych.14070169
https://doi.org/10.1002/mds.20659
https://doi.org/10.1213/ANE.0000000000002864
https://doi.org/10.1016/j.parkreldis.2016.06.004
https://doi.org/10.1016/j.psychres.2008.05.006
https://doi.org/10.1073/pnas.2009165117

	Neck and mind: exploring emotion processing in cervical dystonia
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Clinical assessment
	2.3 Eye-tracking assessment
	2.4 Statistical analyses

	3 Results
	4 Discussion
	5 Conclusion

	References

