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Background: Patients with cervical dystonia (CD) show impaired postural control,

balance, and gait, likely due to abnormal head postures and sensorimotor disturbances.

However, until now no study has investigated whether attention-demanding activity

worsens postural control and balance in CD patients.

Objective: To investigate whether patients with CD show cognitive-motor interference

(CMI), a specific kind of dual-task interference that occurs during the simultaneous

execution of a cognitive and motor task. This information may be useful to determine

whether performing activities of daily living worsens postural control and balance in

CD patients.

Methods: We performed a pilot case-control study. Twenty-two patients affected by CD

and 19 healthy controls were enrolled in order to test CMI. Each subject was evaluated

during the execution of a cognitive task while postural stability was assessed through a

stabilometric platform.

Results: CD patients showed impaired postural control compared to healthy controls,

with instability increasing with increasing cognitive task complexity. No relationships were

found between stabilometric parameters and clinical characteristics of CD.

Conclusions: Our hypothesis is that CMI in CD patients derives from deranged

network connectivity when activated simultaneously during the performance of two

tasks that interfere with each other and “compete” for the same resources within the

cognitive system.

Keywords: cervical dystonia, balance, postural control, cognitive-motor interference, Stroop test, executive

functions

INTRODUCTION

Cervical dystonia (CD), now considered a network disorder, is the most frequent adult-
onset focal dystonia (1). CD is characterized by sustained contraction of the neck and
shoulder muscles, producing abnormal postures and/or twisting movements of the head
and neck (2).
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Previous studies have demonstrated that CD patients have
impaired postural control, balance, gait, and stepping reactions
that could be secondary to abnormal head postures and
sensorimotor disturbances (3–6) or may be an endophenotypic
aspect of the disease (7).

The dual-task paradigm, i.e., the simultaneous performance
of motor and cognitive tasks, can assess the extent that cognitive
tasks interfere with automatic motor activity, such as balance
and gait, i.e., cognitive-motor interference (CMI) (8, 9). One
way to test CMI mechanisms consists of the simultaneous
execution of cognitive tests during a postural stability assessment
(8). Previous studies have analyzed CMI in patients affected
by other movement disorders, i.e., Parkinson’s disease (10),
essential tremor (11), and Huntington’s disease (12), highlighting
that dual-task performance severely reduces walking ability in
these patients, resulting in an increased risk of falls. However,
to date no study has evaluated whether performing attention-
demanding activity, e.g., talking on the phone while walking,
worsens postural control and balance in CD patients.

If the simultaneous performance of two tasks is worse than
what would have been obtained performing only one task at a
time, it may be speculated that the two tasks interfere with each
other and that they “compete” for the same resources within
the cognitive system. We hypothesized that cervical dystonia
is not only characterized by the balance alterations due to
dystonic posture per sè, but is also associated with a reduction
in the functional reserve that is needed for brain mechanisms
involved in dual-task performance. Evaluating the impact of dual
tasking on postural balance in CD patients may represent a
promising tool for detecting subtle disability since it may reflect
real-life performance better than assessing motor and cognitive
abilities separately.

The main aim of this study was therefore to investigate
CMI in a group of CD patients using stabilometric assessment
with and without the interference of a neuropsychological tool
evaluating multiple cognitive domains. To this aim, we analyzed
whether stabilometric parameters change over time during the
execution of cognitive tasks in CD patients, evaluated their
relationship with clinical features, and compared these results
with those obtained from a group of sex- and age-matched
healthy controls (HCs). Moreover, to exclude the influence of
dystonic posture per sè, we investigated the association between
CD patterns (torticollis, laterocollis, anterocollis, retrocollis) and
stabilometric parameters during the execution of cognitive tasks.

MATERIALS AND METHODS

In this pilot study, we consecutively enrolled 22CD patients
who were diagnosed according to published criteria (13) (six
males; mean age 61.8 ± 11.4 years) from March 2019 to July
2019 at the movement disorders clinic of the Department of
Human Neuroscience, Sapienza University of Rome. We also
enrolled 19 sex- and age-matched HCs (9 males; mean age
59.3 ± 8 years). To exclude any confounding effects due to
botulinum toxin (BONT) injections, clinical assessment was
performed at least 4 months after the last BONT treatment.

The study received approval from the local ethics committee
on human experimentation and was conducted in accordance
with the Declaration of Helsinki. Written informed consent was
obtained from all subjects participating in the study (consent
for research). Exclusion criteria were the presence of other
neurological disorders and peripheral sensory neuropathy, the
use of sedative medications, ankle, hip, or knee disorders, lower
limb fractures within 6 months, diabetes, vestibular disorders,
or severely impaired vision or color-blindness. Subjects with
cognitive impairment (Mini-Mental State Examination (MMSE)
score <24; Montreal Cognitive Assessment (MOCA) score <26)
and/or psychiatric disturbances as evaluated by the Hamilton
Depression Rating Scale (HAM-D) and Hamilton Anxiety Rating
Scale (HAM-A) were also excluded. All participants were Italian
native speakers in order to avoid bias attributable to language in
the Stroop test.

Dystonia severity in CD patients was assessed by a neurologist
expert inmovement disorders using the revised TorontoWestern
Spasmodic Torticollis Rating Scale (TWSTRS-2) (14). We also
evaluated the presence or absence of head tremor and the
specific dystonic pattern (i.e., torticollis, laterocollis, retrocollis,
anterocollis, or a combination of these).

Balance and postural control were measured in all subjects
through stabilometric assessment, which was performed in
the same experimental conditions and in a quiet room at
the same standardized distance from the Stroop tables. The
stabilometric study was conducted using a pressure platform
(BTS Bioengineering P-WALK) composed of 2,304 resistive
sensors (10 × 10mm size) with a dimension of 500/4000 ×

480mm. Acquisition frequency was 100Hz and the pressure
range was 30–400 kpa. Subjects were required to maintain a
standing posture on a pressure platform for 30 sec with the feet
in a fixed position (30◦ externally rotated with respect to the
anterior axis direction). Participants were instructed to stand
upright and as still as possible, with their feet together and hands
at their sides while looking at a visual target located in front
of them, with a distance of approximately 20 cm between the
platform and the wall.

Patients underwent two stabilometric assessments. The first
evaluation was performed in a resting condition with the
eyes open, i.e., with the subject able to use all possible
proprioceptive and exteroceptive information. The second
stabilometric evaluation was performed during the execution
of the Stroop Color and Word Test (SCWT) (15). During the
SCWT, subjects were required to read three different tables as
fast as possible. Each test lasted 30 sec. Two of these tables
represented the “congruous condition” in which participants
were required to read names of colors printed in black ink (the
“word task” - W) and name different color patches (the “color
task” - C). Conversely, in the third table (the “color-word task” -
CW), color words were printed in an inconsistent color ink (e.g.,
the word “black” was printed in green ink). In this incongruent
condition, participants were required to name the color of the
ink instead of reading the word, performing a less automated task
while inhibiting the interference arising from a more automated
task (16). For each subject, the number of correct answers for
each trial was recorded. The two evaluations were performed at
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least 1 week apart in a randomorder.We calculated the sway area,
sway length, mean velocity of center of pressure (COP), and sway
signal (X, Y time plot of the COP) at rest and during the execution
of all Stroop test trials using the SWAY software program (BTS
Engineering). COP is commonly used as a sensitive and objective
index of postural stability during quiet standing, representing the
displacement over time of the weighted average location of the
force vector that accommodates the sway of the body (17). The
sway area represents the extent of the total area covered by the
COP in a given time (18) and sway signal is a parameter detected
by the SWAY software program identified by X, Y time plot of the
COP, but it is irrelevant for the measurement of balance. We also
calculated the length of surface function (LSF) (18), a variable
reflective of the energy spent by the subject in order to maintain
postural control, and the Romberg index for COP length of sway,
which is the length of Sway with the eyes closed divided by the
length of Sway with the eyes open (19). A Romberg index score
>1 indicated greater instability with closed eyes.

SPSS version 25 for Windows was used for statistical analysis.
Separate two-way ANOVAs were performed to evaluate changes
in stabilometric variables (sway length, velocity, sway area, LSF)
during the stroop test in CD patients andHCs. Two-way ANOVA
was also used to evaluate changes in Stroop test performance
between patients and HCs. One-way ANOVA was used to
analyze differences in the Romberg index between patients and
HCs. Spearman’s Rho was used to evaluate any relationships
between demographic (age, sex) and clinical (disease severity,
disease duration, head tremor, dystonic pattern) variables and
stabilometric variables during the Stroop test. A univariate linear
regression model using stabilometric parameters as dependent
variables and dystonic posture as the independent variable was
applied to assess the relationship between CD phenotypes and
stabilometric parameters during the Stroop test. A p-value< 0.05
indicated statistical significance.

RESULTS

Participant demographic characteristics and stabilometric data
are reported in Table 1. All recruited CD patients and HCs
completed the study. Two-way ANOVA for the number of
correct responses during the Stroop test disclosed worse
performance in CD patients as compared with HCs as shown
by a lower number of correct responses and a higher number of
errors with increasing cognitive task difficulty (number of correct
responses: factor TEST: F = 311.9, p < 0.0001; GROUP: F =

6.47, p = 0.01; TEST × GROUP interaction: F = 3.19, p = 0.04;
number of errors: TEST: F = 8.11, p = 0.0001; TEST × GROUP
interaction: F = 3.07, p= 0.05).

The Romberg index did not differ between patients and HCs
(p> 0.05). However, two-way ANOVA for stabilometric variables
during the Stroop test showed that CD patients were less stable
than HCs during the Stroop test, with instability increasing
with increasing cognitive task complexity (sway length: factor
GROUP: F = 16.9, p < 0.0001, GROUP × TEST interaction:
F = 3.11, p = 0.02; velocity of oscillations: factor GROUP: F =

16.3, p < 0.0001, GROUP × TEST interaction: F = 2.92, p =

TABLE 1 | Demographic, clinical and stabilometric data in CD patients and in

HCs.

Variables CD patients HCs p value

Gender (M/F) 6/16 9/10 0.2

Age (mean± SD, y) 61.8 ± 11.4 59.3 ± 8 0.04

Duration (mean± SD, y) 10.3 ± 9.2 – –

Head tremor (%) 59% – –

SL T0 (mean ± SD, mm) 133.7 ± 45.7 101.8 ± 19.6 0.1

SL T1 (mean ± SD, mm) 132.8 ± 65.4 98 ± 35.6 0.01

SL T2 (mean ± SD, mm) 150 ± 65.1 89.6 ± 16.5 0.0001

SL T3 (mean ± SD, mm) 158 ± 76 99.6 ± 20.4 0.0001

VO T0 (mean ± SD, mm/s) 4.5 ± 1.5 3.3 ± 0.7 0.1

VO T1 (mean ± SD, mm/s) 4.4 ± 2.2 3.2 ± 1.1 0.01

VO T2 (mean ± SD, mm/s) 4.9 ± 2.1 2.9 ± 0.5 0.0001

VO T3 (mean ± SD, mm/s) 5.3 ± 2.5 3.3 ± 0.6 0.0001

SA T0 (mean ± SD, mm2 ) 79.2 ± 104.8 39.3 ± 37.1 0.08

SA T1 (mean ± SD, mm2 ) 113 ± 188.2 37.5 ± 53.5 0.02

SA T2 (mean ± SD, mm2 ) 125.3 ± 147 23.9 ± 25.8 0.0001

SA T3 (mean ± SD, mm2 ) 186 ± 336 34.1 ± 29.7 0.007

LSF T0 (mean ± SD, mm) 4 ± 4.55 3.7 ± 1.9 0.1

LSF T1 (mean ± SD, mm) 7 ± 8.4 6.4 ± 5.6 0.1

LSF T2 (mean ± SD, mm) 6.3 ± 10.7 8.3 ± 7.8 0.7

LSF T3 (mean ± SD, mm) 7 ± 11.4 5 ± 3.6 0.02

Data are expressed as mean ± standard deviation (SD) and as the percentage of CD

patients. T0, baseline evaluation; T1, T2, T3, are the three Stroop test trials evaluations.

CD, cervical dystonia; HCs, healthy controls; Y, years; SL, sway length; LSF, length of

surface function; SA, sway area; VO, Velocity of Oscillation; F, females; M, males; mm,

millimeter; mm/sec, millimeter/second; mm2, square millimeter.

0.03; sway area: factor GROUP: F = 8.22, p < 0.001) (Figures 1–
3). Stabilometric variables did not differ between patients with
(n = 13) and without tremor (n = 9) (all p > 0.05). Spearman
correlation analysis disclosed significant correlations between the
number of errors made during the third item of the Stroop test
and stabilometric variables (number of errors and sway length:
Rho= 0.58, p= 0.004; number of errors and oscillation velocity:
Rho= 0.58, p= 0.0045). Finally, no significant relationships were
observed between stabilometric variables and disease severity and
head tremor as assessed by the TWSTRS-2. Linear regression
analysis did not disclose any association between dystonic
posture and stabilometric parameters during the Stroop test.

DISCUSSION

In this study we found that, as compared to HCs, CD patients
showed impaired postural control that worsened during the
execution of attention-demanding cognitive tasks. Increased
balance instability paralleled the complexity of the cognitive task,
therefore implying CMI mechanisms. A significant correlation
was found between the performance of CD patients during the
third trial of the SCWT and stabilometric parameters. Finally, no
relationship was found between balance properties and disease
severity as measured by the TWSTRS-2 and the presence of
head tremor.
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FIGURE 1 | Sway length. Sway length at rest (baseline) and during the execution of all Stroop test trials (T1, T2, T3) in healthy controls and in patients with cervical

dystonia. HCs healthy controls; CD cervical dystonia; mm millimeter.

FIGURE 2 | Velocity of oscillation. Velocity of oscillation at rest (baseline) and during the execution of all Stroop test trials (T1, T2, T3) in healthy controls and in patients

with cervical dystonia. HCs healthy controls; CD cervical dystonia; mm/sec millimeter/second.
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FIGURE 3 | Sway area. Sway area at rest (baseline) and during the execution of all Stroop test trials (T1, T2, T3) in healthy controls and in patients with cervical

dystonia. HCs healthy controls; CD cervical dystonia; mm2 square millimeter.

All enrolled subjects met the inclusion criteria. Since CD
patients and HCs were age-matched, we can exclude the
possibility that any differences in Stabilometric results between
patients and HCs were due to age (20). The worse performance
of CD patients on the Stroop test as compared to HCs may be
attributable to mild impairment in different cognitive domains
(21, 22), especially in domains involved in executive functions
(23). However, all CD patients had a MoCA score >26,
therefore excluding the presence of overt cognitive dysfunction,
a condition that would have precluded the execution of the
Stroop test.

The novel finding of our study was that CD patients had
impaired balance and postural control with increasing difficulties
in cognitive tasks. CMI refers to a specific kind of dual-task
interference that occurs when the simultaneous performance
of a cognitive (i.e. Stroop test) and motor (postural control)
task leads to a variable pattern of interference in one or both
tasks (24). Dual-task coordination requires the modulation of
activities of many specialized information-processing systems.
Indeed, several cortical and subcortical structures are likely
activated during the maintenance of posture and the execution
of the Stroop test. The Stroop test is widely used to measure
executive function, although its application is also useful for
the evaluation of other cognitive functions, such as attention,
processing speed, cognitive flexibility, and working memory
(25). The involved brain areas are mainly the anterior cingulate
cortex and the dorsolateral prefrontal cortex, which are involved
in processing the conflict and resolution processes performed
during the test. Postural control and balance are complex
biologic functions based on hierarchically-organized procedures
that involve the activation of the cortex, brainstem, and

medullary structures, which are also influenced by peripheral
multisensory information (visual, vestibular, proprioceptive,
and somatosensory). The CMI we found in CD patients
may be related to impaired connectivity within networks,
including connections between cortico-subcortical structures.
Although dystonia has been historically viewed as a basal
ganglia disorder particularly linked to striatal dysfunction, recent
neuroimaging and neurophysiological evidence supports the
idea that dystonia is a network disorder (26–28) involving
different brain regions, including the basal ganglia, cerebellum,
thalamus, and sensorimotor cortex (29). Substantial evidence has
demonstrated a widespread impairment in sensory processing
and sensorimotor integration in dystonia (30), which specifically
involves connections between the sensorimotor cerebral cortex,
basal ganglia, and cerebellum. These alterations may contribute
to the CMI we found in CD. Furthermore, among the neural
circuits involved in cognitive interference in CD patients during
a motor task, those responsible for visuospatial processing may
also play a role. Indeed, recent studies on CD patients have
highlighted the dysfunctional activity of these circuits, including
the associative parietal cortex, cerebellum, and subcortical
structures (31). Given the high degree of complexity in
the brain networks involved in CMI, and considering the
pathophysiology of dystonia as a brain network disease (26,
29), it may be hypothesized that during dual-task execution,
CD patients have a decreased ability to optimize performance
through the recruitment of brain networks or alternative
cognitive strategies. In support of this hypothesis, we found a
positive correlation between abnormalities in the stabilometric
measurements and the number of errors during the Stroop test
in CD patients.
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The absence of a significant correlation between stabilometric
parameters and disease severity, dystonic pattern and the
presence of head tremor may suggest that altered CMI does
not depend on specific clinical characteristics of dystonia. These
results are in line with previous studies reporting no significant
changes in stabilometric variables after BONT treatment, which
ameliorated head posture (6).

The major limitation of our study is the relatively small
sample of CD patients, and therefore our results must be
confirmed by future studies conducted on a larger number of
patients, including those with abnormal postures not related to a
neurological disorder. Furthermore, due to the small sample size,
we could not definitively exclude that different CD subtypes had
different CMI.

CONCLUSIONS

CD patients showed alterations in CMImechanisms as compared
to age- and sex-matched HCs. These alterations may be linked to
altered connectivity of the networks involved in CMI and CD and
were not related to patient clinical or demographic data.

Future studies conducted on other forms of focal dystonia
and on subjects with other postural abnormalities without a
neurological origin as controls are needed in order to strengthen
our results and better determine possible therapeutic and
rehabilitative interventions aimed at improving the execution of
simultaneous motor and cognitive task performance in dystonic
patients. Indeed, since CMI has a significant impact on daily life
due to an increased risk of falls, it could be a primary target of
rehabilitative interventions from disease onset similar to other
neurodegenerative disorders (32).
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