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Abstract: Background/Objectives: Cervical dystonia (CD) is a condition characterized by involuntary
activity of cervical muscles, which is often accompanied by various non-motor symptoms. Recent
studies indicate impaired saccadic eye movements in CD. Local administration of botulinum toxin
type A (BoNT/A), which causes temporary paralysis of the injected muscle, is the first-line treatment
of focal dystonia, including CD. To our knowledge, concurrent observation of the effect of BoNT/A
on smooth eye movements, voluntary saccades, memory-guided saccades, and antisaccades in
CD has not yet been explored. The aim of this study was to assess the effect of BoNT/A on eye
movements and non-motor symptoms in patients with CD, which, when altered, could imply a
central effect of BoNT/A. Methods: Thirty patients with CD performed smooth pursuit, prosaccadic
expression, memory-guided saccades, and antisaccade tasks; eye movements were recorded by
an eye tracker. Motor and non-motor symptoms, including depression, anxiety, pain, disability,
and cognitive changes prior to and after BoNT/A administration, were also evaluated. Results:
The number of correct onward counts (p < 0.001), overall correct memory-guided saccades count
(p = 0.005), motor symptoms (p = 0.001), and non-motor symptoms, i.e., anxiety (p = 0.04), depression
(p = 0.02), and cognition (p < 0.001) markedly improved after BoNT/A administration. Conclusions:
Memory-guided saccades, depression, and anxiety improve after BoNT/A in CD.

Keywords: cervical dystonia (CD); botulinum toxin (BoNT/A); central effect; non-motor symptoms;
eye tracker

1. Introduction

Cervical dystonia (CD) is a condition characterized by involuntary activity of the
cervical muscles leading to abnormal postures of the head, neck, and shoulders, and these
postures are often worsened by voluntary action due to excessive muscle activation [1]. In
addition to motor symptoms, CD includes non-motor symptoms such as anxiety, depres-
sion, cognitive problems, pain, sexual dysfunction, and sleeping disorders, which occur in
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about 36% of patients [2]. The gold standard in the treatment of CD is botulinum toxin type
A (BoNT/A) [3,4]. The latest studies do not consider CD to be a disorder of a certain brain
structure but rather a network disorder involving the so-called neural integrator, a neural
network formed by connections between the basal ganglia, the cerebellum, and proprio-
ceptive feedback that ensures the normal position of the head when processing external
stimuli and planning and executing movements [5]. The pathopsysiology of non-motor
symptoms has been linked to the corticobasal circuits involving the frontal cortex, who
also control executive functions, saccadic eye movements, motor activity, motivation, and
certain aspects of behavior [6,7]. The neural pathways responsible for eye movements have
long been used in numerous studies as a model for research into motor control, as they
require elements of planning, synchronization, and execution that take place using higher
brain functions. Oculomotor function in CD at bedside investigation usually appears
normal and, therefore, has not been the main interest of much scientific research, which so
far shows inconsistent results, as some studies have reported asymmetric vestibuloocular
reflexes and impaired inhibitory control of saccadic eye movements [8–10]. In contrast,
other studies observed no difference compared with healthy controls [11]. Given that the
brain pathway for guiding visual saccades extends from the cerebral cortex to the brainstem
and includes the corticobasal circuits that connect the frontal region, basal ganglia, and the
cerebellum [12,13], new research has focused on the examination of eye movements in CD
assuming, among other things, the existence of pathology within the neural integrators of
eye motility [14].

To the best of our knowledge, so far, no study has explored the effect of BoNT/A
on smooth pursuit, prosaccadic expression, antisaccades, and memory-guided saccades
simultaneously in CD. The aim of this study was to assess the effect of BoNT/A on eye
movements and non-motor symptoms in patients with CD, which, when altered, could
imply a central effect of BoNT/A.

2. Materials and Methods
2.1. Participants and Inclusion and Exclusion Criteria

Our single-center study gathered 30 participants with idiopathic CD from the Depart-
ment of Neurology, University Hospital Center Osijek, Croatia. The exclusion criteria were
a history of brain damage of any etiology and recently diagnosed dementia, use of drugs
that could affect cognitive functions or induce iatrogenic movement disorders, and visual
impairments that could affect eye movements (severe myopia, astigmatism, strabismus,
low vision, and cataracts). Mild and moderate myopia or presbyopia were not considered
exclusion criteria if they were adequately corrected. The study was approved by the Ethics
Committee of Osijek University Hospital Center (study number R2-6782/2018). Signed
informed consent was obtained from all participants.

2.2. Eye Movement Evaluation

Four types of eye movements were simultaneously analyzed (smooth eye movements,
voluntary saccades, memory-guided saccades, and antisaccades) using a Tobii TX300 eye
tracker (https://www.spectratech.gr/Web/Tobii/pdf/TX300.pdf, accessed on 25 Septem-
ber 2024). The software used in the research was developed in the Laboratory for Artificial
Intelligence at the Faculty of Computer and Information Science of the University of Ljubl-
jana. Before each task, the patient was given clear written and textual instructions on
the screen as to how the task should be performed, and a short test/calibration of each
task was performed to confirm that the patient understood the task correctly. Smooth eye
movements were tested by tracking a white dot (target) moving along the horizontal (x)
and vertical (y) axes. Voluntary saccades were examined so that the subject had to focus
their gaze on the target (white dot) in the middle of the screen; the target disappeared and,
after a few seconds, appeared on the left or right half of the screen, whereby the subject
was asked at the beginning of the test to direct their gaze towards the target. When testing
antisaccades, subjects were asked to fix their gaze on the target in the middle of the screen,
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but this time in the direction opposite to the appearance of the target once it disappeared
from the screen and appeared in the left or right half of the visual field. Testing of memory
saccades was carried out so that the patient had to follow the squares that lit up in a
certain order on the screen, whereby the task was to repeat the exact sequence of lighting
the squares in the order in which they appeared. In doing so, two testing methods were
performed, as the lighting of squares was memorized in the normal order (forward) and
also backward (in which the patient had to fixate on the last square up to the first lit square).
Memory saccade testing consisted of both test version A (used before BoNT/A) and test
version B (used after BoNT/A) to avoid repetition and to prevent the participants from
learning correct answers. The visual test parameters were tested as follows: for voluntary
saccades, one cycle of the performed movement during 1600 ms was evaluated, and prosac-
cade evaluated the mean square error during pursuit delay/latency, general speed, and
accuracy. Antisaccades were monitored to evaluate the antisaccade reaction time (latency),
antisaccade directional errors, and countermanding inhibition errors in milliseconds, while
memory saccades were monitored to evaluate the number of correct onward counts, correct
backward counts, and overall correct counts. Before each examination, a test examination
consisting of identical tasks was carried out so that the subjects and the examiner could
ensure that the task was properly understood. There was a 30-s break between each task.
The software contained A and B versions composed of different memory-saccade and
antisaccade tasks for randomization purposes.

2.3. Motor and Non-Motor Symptom Evaluation; BoNT/A Administration

Motor symptoms were evaluated using the Tsui score [15]. Participants filled in the
Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) questionnaire [16] to evalu-
ate pain and disability. The Beck Anxiety Inventory (BAI) and Beck Depression Inventory
(BDI-II) were used for the evaluation of psychiatric symptoms [17,18]. Addenbrooke’s
Cognitive Examination Rating scale (ACE-R) was used to evaluate cognitive functions [19].
Motor symptoms, evaluation of pain and disability, psychiatric symptoms, and cognitive
status were examined on two occasions, i.e., before and after BoNT/A treatment. Partic-
ipants were allowed to enter the study if they were BoNT/A-free for at least 3 months
before the initial testing and drug administration. Eye movement testing was performed
4 weeks after BoNT/A administration in order to ensure sufficient time for BoNT/A action.
The BoNT/A administration scheme was individually selected for each patient based on
their symptoms, according to the COL-CAP concept. The manufacturer of INCO used in
this research was Merz Pharma GmbH & Co. KgaA, Frankfurt/Main, Germany. The toxin
came in the form of a powder solution that was suitable for injection and was reconstituted
prior to use with sodium chloride 9 mg/mL (0.9%) solution (1 cc into a 100 U of BoNT/a
vial or 0.5 cc in 50 U of BoNT/A vial). A 20–27 G short-bevel sterile needle was used for
reconstitution. After the solvent was drawn up into a syringe, it was injected into the
vial, mixed with INCO powder, and gently stirred to form a clear, colorless solution. Each
patient received between 100 and 250 units of incoBoNT/A. All tests were performed by
one person under the same conditions (in a well-lit, quiet room) in the morning hours.

The examination of eye movements was always performed first and lasted for 40 min
on average. This was followed by a short break, after which all other motor and non-motor
tests (TSUI, TWSTRS, BAI, BDI-II, ACE-R) were performed. The overall duration of the
examination was 90–120 min on average.

2.4. Data Analysis

The Wilcoxon signed-rank test was used to test for differences in the measured vari-
ables before and after BoNT/A administration. The data were statistically analyzed using
SPSS v24 [20]. The level of significance for all analyses was set at a 2-sided p < 0.05.



J. Clin. Med. 2024, 13, 5708 4 of 10

3. Results

Motor and non-motor symptoms and characteristics of eye movements were studied
in 30 patients (21 females and 9 males) with CD. The mean age, duration of CD, duration,
and dosage of BoNT/A are presented in Table 1.

Table 1. Demographic data on age, duration of cervical dystonia, duration of BoNT/A treatment,
and dosage of BoNT/A.

Demographic Data Median (IQR)

Age (years) 63.00 (53.00–69.25)
CD duration (years) 10.00 (8.75–13.00)

BoNT/A therapy median (years) 7.50 (4.75–9.00)
BoNT/A dosage (units) 150.00 (150.00–250.00)

CD—cervical dystonia; BoNT/A—botulinum toxin type A; IQR—interquartile range.

3.1. Motor Symptoms in Patients with CD before and after BoNT/A

After BoNT/A treatment, a significant improvement in motor symptoms (total Tsui
score) (p = 0.001) was observed (Table 2) in terms of reduced involuntary rotation, tilting,
and head/neck deflection (Tsui A) (p = 0.003), while there were no significant differences in
the strength and duration of involuntary movements (Tsui B), shoulder elevation (Tsui C),
or the strength and duration of tremors (Tsui D).

Table 2. Assessment of motor symptoms before and after BoNT/A.

Tsui Scale
Median (IQR)

p
Before BoNT/A After BoNT/A

Tsui A
(amplitude of sustained movements) 2.5 (2.0–4.0) 2.0 (1.0–2.25) 0.003

Tsui B
(duration of sustained movements) 2.0 (1.0–2.0) 2.0 (1.0–2.0) 0.058

Tsui C
(shoulder elevation) 1.0 (0.0–2.0) 1.0 (0.0–1.0) 0.124

Tsui D
(tremor) 1.0 (0.0–2.0) 1.0 (0.0–2.0) 0.206

Total score
[(A) × (B)] + (C) + (D) 6.5 (4.75–9.25) 5.0 (3.0–6.25) 0.001

Wilcoxon test; IQR—interquartile range; BoNT/A—botulinum toxin type A.

3.2. Non-Motor Symptoms in Patients with CD before and after BoNT/A

After BoNT/A administration, there was a significant improvement in most of the non-
motor symptoms (cognition, pain, disability, anxiety, and depression) measured (Table 3).
Concerning psychiatric symptoms, a reduction in anxiety (p = 0.04) and depression (p = 0.02)
was recorded, followed by a significant reduction in disability (p = 0.004) and pain subscales
(p = 0.001) of the TWSTRS. The improvement in overall cognitive abilities (p < 0.001)
included improved memory (p = 0.003), verbal fluency (p = 0.002), and language abilities
(p = 0.02). There were no improvements in visuospatial skills or attention.
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Table 3. Assessment of non-motor symptoms (cognition, anxiety, depression, and pain) before and
after BoNT/A.

Non-Motor Symptom Scale
Median (IQR)

p
Before BoNT/A After BoNT/A

ACE-R Domains

Orientation 10.0 (10.0–10.0) 10.0 (10.0–10.0) >0.99
Attention 7.5 (6.0–8.0) 8.0 (6.0–8.0) 0.810
Memory 23.5 (17.0–25.0) 24.0 (22.25–26.0) 0.003

Verbal fluency 10.5 (7.0–12.0) 12.0 (10.0–14.0) 0.002
Language 25.0 (23.0–26.0) 26.0 (24.75–26.0) 0.02

Visuospatial skills 16.0 (16.0–16.0)
(9–16) †

16.0 (15.0–16.0)
(13–16) † 0.30

ACE-R total 89.0 (79.0–95.0) 94.5 (87.0–98.0) <0.001
BAI 5.0 (1.0–20.0) 4.0 (2.0–15.0) 0.04

BDI-II 4.5 (2.0–8.0) 3.0 (1.0–5.0) 0.02
TWSTRS disability 14.5 (8.5–20.5) 6.0 (2.0–13.0) 0.004

TWSTRS pain 7.75 (4.69–9.75) 4.5 (0.0–8.0) 0.001

Wilcoxon test; † general range; IQR—interquartile range; CD—cervical dystonia; BoNT/A—botulinum toxin type
A; BAI—Beck Anxiety Inventory; BDI-II—Beck Depression Inventory II; TWSTRS—Toronto Western Spasmodic
Torticollis Rating Scale; ACE-R—Adenbrooke’s Cognitive Examination Rating Scale.

3.3. Eye Movements in Patients with CD before and after BoNT/A

The measured variables of smooth eye movements before and after botulinum toxin
therapy did not show significant improvements in smooth movements, voluntary saccades,
or antisaccades (Table 4). There was no significant difference in smooth pursuit or in prosac-
cadic expression, with the latter showing a slight improvement regarding latency, speed,
and accuracy compared with the mean values before and after therapy; however, without a
significant difference. Although there was no significant difference in the length and the
number of correct backward counts, the number of correct onward counts (p < 0.001) and
number of overall memory-guided saccade sequence correct counts (p = 0.005) improved
significantly after botulinum toxin therapy (Table 4).

Table 4. Results of eye-tracking tasks before and after BoNT/A treatment.

Variable
Median (IQR)

p
Before BoNT/A After BoNT/A

Smooth pursuit
Horizontal prosaccade

expression 1600 ms
0.5804

(0.5161–0.6503)
0.5619

(0.5226–0.6386) 0.48

Horizontal prosaccade
reaction time 1600 ms

0.007779
(0.06382–0.01273)

0.007464
(0.0054950.01302) 0.66

Vertical prosaccade
expression 1600 ms

0.5591
(0.4780–0.6344)

0.5327
(0.4978–0.5943) 0.60

Vertical prosaccade
reaction time 1600 ms

0.01078
(0.006189–0.01437)

0.006783
(0.005085–0.01302) 0.42

Prosaccadic expression (MSE)
Latency 7.59 (7.34–7.99) 7.37 (6.91–7.86) 0.57
Speed 2.86 (2.58–3.19) 2.99 (2.79–3.18) 0.77

Accuracy 3.74 (2.81–4.71) 3.21 (2.91–4.15) 0.52
Memory-guided saccade sequence

Correct onward count 0.0 (0.0–4.0) 4.0 (0.0–6.0) <0.001
Correct backward count 0.0 (0.0–1.0) 2.0 (0.0–5.0) 0.054

Overall correct count 0.0 (0.0–5.0) 5.5 (0.0–9.0) 0.005
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Table 4. Cont.

Variable
Median (IQR)

p
Before BoNT/A After BoNT/A

Antisaccades ms ms
Reaction time/latency 522.9 (479.5–538.1) 510.2 (443.8–605.4) 0.87

Antisaccade directional errors 0.0 (0.0–2.0) 1.0 (0.0–4.0) 0.06
Countermanding inhibition errors 2.0 (0.0–6.25) 1.0 (0.0–2.25) 0.07

Wilcoxon test; MSE—mean square error; IQR—interquartile range; CD—cervical dystonia; BoNT/A—botulinum
toxin type A.

4. Discussion

The main objective of the study was to examine the effect of BoNT/A on eye movement
and non-motor symptoms, which, when altered, could imply central effects of BoNT/A.
Memory-guided saccade sequences—more specifically, the correct onward and overall
correct count—improved significantly after BoNT/A treatment. There was no significant
improvement in smooth pursuit, prosaccadic expression, or antisaccades in any gaze
direction. BoNT/A also showed a tendency towards a slight improvement in the correct
antisaccade reaction time (p = 0.06), directional errors (p = 0.06), and countermanding
inhibition errors (p = 0.07), which are standard methods for assessing cognitive/inhibitory
control over action in eye movements.

Memory-guided saccades rely on information stored in the memory to guide the eyes
to a remembered location when there is no visual stimulus, depending mostly on the frontal
eye field (FEF) and the supplementary eye field (SEF) to control more complex sequences
of saccades or saccades in combination with body movements [21]. Antisaccades are under
voluntary control and demand, suppressing the reflex saccadic response to the presented
target. At least two inhibition mechanisms are required to perform antisaccade movements,
relying on intact FEFs and superior colliculus to avoid expressing errors in antisaccade
reaction time [21]. In contrast, when a stimulus appears, automatic saccades targeting is
suppressed by the SEFs. Disruption of this link results in a longer antisaccade reaction
time [21,22]. The improvement in memory-guided saccades but lack of a significantly
better performance in antisaccade tasks after the administration of BoNT/A in our study
(considering the involvement of both FEFs and SEFs in each case) can be explained by
the independence of memory-guided saccade neural systems from the ones that generate
visually presented antisaccades [23,24]. This is consistent with the idea that movement
control may be guided by perceptual memory without a presented target [25,26], pointing
to a difference in the spatial representation of the target used to program visually guided
saccades as opposed to that used to program memory-guided saccades [27]. Another reason
for the observed changes in memory-guided saccades, but not of other eye movements,
could be explained by the proposed theory of parallel organization of functionally separate
network circuits connecting the basal ganglia and the cortex [28], assuming that impulses
from the basal ganglia through separate network circuits stimulate different parts of the
frontal lobe, although the striatum receives impulses from the entire neocortex [29].

Our results also report significant changes in non-motor symptoms after therapy
administration (Table 3), showing a significantly reduced degree of anxiety and depression
on the BAI and BDI-II test assessments, as well as an evident pain reduction. Also, a
comparison of the ACE-R test of cognitive abilities after BoNT/A administration in our
study shows a significant general improvement in cognitive abilities in the form of memory,
speech fluency, and speech (Table 3). Cognitive impairment in patients with CD is still
a controversial topic; some studies have shown improvements in attention [30] after the
administration of BoNT/A in CD patients; according to others, there are notable differences
in attention and executive functioning [31] in CD patients compared to healthy controls;
while in a comparison of the cognitive status of the genetically inherited type of dystonia
DYT1, no difference was found compared to healthy controls [29].
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What could explain the improvement in memory-guided saccades and non-motor
symptoms of CD patients after BoNT/A therapy?

The reduction in pain was previously attributed to the peripheral effect of botulinum
toxin, which results in a reduction in muscle spasms, but some studies have shown that as
in some patients with Parkinson’s disease [28], the level of pain in some patients with CD
does not correlate with the severity of motor symptoms. It was observed that patients with
a similar clinical presentation report different pain intensities [32,33], while some show a
significant reduction in pain with no significant improvement in motor symptoms [34]. The
mentioned works and the conducted research imply that the pain that occurs in patients
with CD is partly of central origin. Numerous works have, for some time, considered
psychiatric symptoms, cognitive disturbances, and pain as separate entities within CD that
are not related to motor symptoms [35,36]. Constanzo et al. [34] demonstrated that BoNT-A
intramuscular injection was able to improve non-motor variables (psychiatric symptoms
and pain) in patients affected by CD. A prospective observational study conducted by
Sugar D. et al. [37] showed that BoNT leads to improvement in both motor severity and
anxiety in CD. Similar to our results, an improvement in anxiety did not correlate well with
improvements in motor severity during the time of known peak effect, demonstrating that
this effect on anxiety is not secondary to the degree of improvement in motor symptom
severity and could, as such, indicate a direct beneficial effect of BoNT on anxiety. This is
supported by the work of Moriarty Al et al. [38], whose longitudinal follow-up study of
mood in CD showed that anxiety and depressive symptoms persist in cervical dystonia,
and these effects are seemingly unrelated to pain severity. Considering their possible
influence on cognitive abilities, BoNTs are reported to affect inhibitory, excitatory, and
sensory neurons as well as several genes related to proteasomal degradation pathways,
neurite outgrowth, and inflammatory pathways [39], which could explain the observed
improvement in overall cognitive abilities in our study. Nevertheless, it is still debatable
whether cognitive changes among CD patients are the result of motor symptoms, pain,
accompanying anxiety and depression, or a primary element within CD.

The majority of basic and clinical research has been largely focused on the peripheral
effects of BoNTs, but most evidence from animal models and human studies has also
confirmed BoNTs’ actions at the central nervous system level [40]. The proven central
effect may be the consequence of hematogenous spread, retrograde neural transport of
BoNTs to the central nervous system (CNS), or indirect action due to denervation and
changes in afferent input resulting in plastic reorganization of the CNS via changes to
sensory afferents [41,42]. There is evidence of direct retrograde axonal transport of bind-
ing fragments of BoNT/A with a speed of retrograde transport of 0.8 µm/sec, including
long-distance transport of BoNT/A from the hind leg muscles of adult rats confirmed by
detection of cl-SNAP25 (BoNT/A target) in spinal cord motor neurons [43] or by demon-
strating significant amounts of BoNT/A-truncated SNAP-25 in the facial nucleus of rats via
Western blot analysis after BoNT/A injection into the whisker pad [44]. Since experiments
on rats are not exact concerning retrograde axonal transport in humans, human studies
were conducted [45,46], supporting the idea of a direct central effect of muscular injected
BoNT/A by reduction in spinal inhibition. Support for the indirect central effects of BoNTs
originates from the observation that not all clinical effects of peripheral I.M. injections can
be explained by the exclusive action of BoNTs on peripheral nerve terminals, suggesting a
change in the functional organization of the CNS through an alteration mechanism induced
by altered peripheral inputs [35]. The most significant neuroimaging evidence for the
central effects of BoNT comes from functional magnetic resonance imaging (fMRI) studies.
Opavsky et al. [47] demonstrated a reduced extent of hand movement-related cortical
activation in CD patients 4 weeks after BoNT/A treatment, together with extensive changes
in the contralateral secondary somatosensory cortex and altered activation of the ipsilateral
supplementary motor area and dorsal premotor cortex. Using resting-state fMRI, Delnooz
et al. [48] demonstrated both increased and decreased connectivity in sensorimotor and
executive control networks in CD patients several weeks after BoNT/A therapy, whereas
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Brodoehl et al. [49] reported increased connectivity between the basal ganglia and sen-
sorimotor network, together with the loss of functions in the putamen, thalamus, and
somatosensory cortex. Altered sensorimotor integration is considered to be a significant
part of CD pathophysiology, as previously stated; Nevrlý M. et al. demonstrated decreased
functional connectivity within the somatosensory cortex [50], more specifically within the
putamen, sensorimotor cortex, thalamus, and subthalamic nucleus, where it is speculated
that by weakening dystonic muscles, BoNT/A creates sensory–motor discrepancy and
influences the motor output of the brain by reducing effective movement through BoNT
application so that the load of sensorimotor integration is globally reduced [49].

In addition, we could reliably show a difference in the correct onward count and
overall memory-guided saccade correct count before and after botulinum toxin injections
in CD. There were trends towards improvement of antisaccade directional errors and
countermanding inhibition errors that could have reached statistical significance with a
higher number of subjects. Therefore, future studies should include more participants.

5. Conclusions

Considering the marked improvement in memory-guided saccades (with no other
significant changes in ocular movements) and improvement in non-motor symptoms
(anxiety, depression, and cognition) after local BoNT/A therapy, our results suggest a
possible indirect central effect of BoNT, although a peripheral neuromodulatory effect
could not be excluded either. Further studies are needed to explore the effect of BoNT/A
on eye movements and non-motor symptoms in CD.
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