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ABSTRACT: Background: Cervical dystonia (CD) involves clinical and motor manifestations, and visual and

cognitive dysfunctions may also be frequent.

Objective: To evaluate functional vision, visual attention, and cognitive aspects in patients with CD compared

with a control group.

Methods: Fifty patients with CD were assessed using the Useful Field of View Test (UFOV), the Mini Mental State
Examination (MMSE), and the Trail Making Tests (TMT-A and TMT-B), and compared with an identical number of
health controls matched by sex, age, and educational level.

Results: No differences were seen between the groups in terms of MMSE score (P = 0.481), but the CD patient
group had poorer scores for the TMA-A (P = 0.004) and TMT-B (P = 0.004). For the UFOV subtests, a decrease
was found for visual processing speed (P < 0.001), divided attention (P < 0.001), and selective attention

(P = 0.001), as well as higher frequency in the categories with higher risk index in the UFOV test (P < 0.001).
Conclusion: Patients with CD may exhibit decreased functional vision and visual attention, as well as higher risk

in performing complex activities.

Dystonia is a movement disorder characterized by abnormal
movements and/or postures due to sustained or intermittent
muscle contractions,' leading to abnormal posture patterns and
repetitive movements.' Cervical dystonia (CD) is a common
form of focal dystonia, characterized by the presence of involun-
tary movements of the cervical region in different planes and
directions that result in abnormal postures of the head, neck,
and shoulders."* The phenomenology of CD is complex, often
involving postures such as torticollis (rotational deviation of the
neck around the vertical axis), laterocollis (lateral neck flexion),
and antero or retrocollis (flexion of the neck in the
anteroposterior plane), in isolation or, more commonly, in com-
bination.>” The classic definition of dystonia primarily addresses

motor disorders, but there is a good amount of evidence

pointing to additional non-motor features such as sensory,
behavioral, neuropsychiatric, cognitive, and sleep-related abnor-
malities.*® These manifestations, known as the non-motor syn-
drome of primary dystonia, may be an intrinsic part of the
pathophysiology of the disease, occasionally even predating
the onset of the motor symptoms.®’

Cognitive functions are generally considered intact in patients
with primary dystonia, although research on this topic is limited
by small and heterogeneous samples that are often assessed with
non-standardized protocols.4 However, there are reports of sub-
tle cognitive deficits with impairment of executive functions and

. 6-9
attention,”

indicating that this population can present a profile
of selective cognitive impairment despite unchanged global cog-

nitive functioning. Additionally, a number of studies have
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demonstrated the association between CD with sensory impair-

10716 \vith damage to the

ment and sensory-motor integration,
visual system that could lead to difficulties with color discrimina-
tion, contrast perception,m and slower motor response time to
visual stimuli received.'?™"® Visual and spatial deficits have been
observed in patients with CD during tasks involving walking,
identifying targets, and exploring the environment, which are
partially compensated by eye movements, raising questions about
their driving ability.'® Finally, these visual aspects in CD have
also been related to reduced quality of life and impacts on
mobility-related activities (such as walking, driving, crossing the
street, and parking).'® Thus, the aim of this study was to evaluate
whether motor and non-motor disorders in patients with CD
can alter functional vision and impair performance in complex

everyday activities.

Methods

Selection of Patients and
Controls

Data were collected from a convenience sample consisting of
50 patients with CD who were followed at the Outpatient
Movement Disorders Clinic at the Hospital de Clinicas of the
Federal University of Parani, between October 2017 and June
2019. Inclusion criteria were age > 18 years and dystonia aftect-
ing only the cervical region (focal dystonia). Exclusion criteria
were secondary or heredodegenerative causes, treatment with
botulinum toxin within the previous 120 days, previous stereo-
tactic surgery, pharmacological treatment affecting dystonic
movements or cognition, and clinical, neurological, ophthalmo-
logic, or psychiatric illness that would make it impossible for the
patient to take the tests.

The control group was composed of 50 subjects who accom-
panied patients seen at the same Outpatient Movement Disorders
Clinic, matched by gender, age, and education level. This study
was approved by the Ethics Committee on Human Research at
the Hospital de Clinicas, Federal University of Parand (process
74039717.6.0000.0096, ruling 2.323.684 of October 9, 2017).
All study participants signed the terms of free and informed

consent.

Clinical Evaluation

Diagnosis of CD was confirmed in all patients by neurologists
specialized in movement disorders. The CD motor assessment
was performed using the Brazilian Portuguese adaptation of
the Toronto Western Spasmodic Torticollis Rating Scale
(TWSTRS). The total score for this scale (0—85 points) combines
the scores for intensity, disability, and pain, with higher scores
indicating greater impairment.”‘18

The control group underwent the same assessments as the CD
group, except for the TWSTRS. Global cognitive assessment
was measured using the Mini Mental State Examination

(MMSE) and the Trail Making Test (TMT). The maximum
MMSE score, indicating satisfactory performance in all evaluated
domains, is 30 points."”?” The TMT is composed of two parts,
A and B. The TMT-A tests visual search and motor speed abili-
ties and prepares the subject for the TMT-B, which assesses

: : 21,22
executive functions.

In both sections, the subject receives
brief instructions before starting the test and is asked to connect
25 circles (a numeric sequence in part A, and interspersed num-
bers and letters in part B), which are randomly distributed on a
paper sheet, as quickly as possible, without lifting the pencil from
the paper surface.”® The main variable of interest is the total time
to complete the test, in seconds.

The visual assessment was performed in two parts, first with
visual function screening tests (Hamilton-Veale, the Snellen chart
search test, confrontation visual field exam, and the saccade
test)>* 2 to identify visual problems. The second part involves
the Useful Field of View Test (UFOV) version 6.1.4; this com-
puterized test consists of three subtests that assess the speed of
visual processing, divided attention, and selective attention
through tasks that gradually become more complex. Using both
eyes, the subject must detect, identify, and locate targets that are
quickly presented along the visual field, as the speed increases
progressively by milliseconds. Subjects who normally use correc-
tive lenses are permitted to use them during the test. The UFOV
test lasts approximately 15 minutes, and before each subtest the
subject does a practice run to ensure they understand the task.
The score is automatically calculated for each subtest according
to the subject’s performance. The risk categories, which can sim-
ulate the degree of risk in performing everyday activities, are
generated automatically by combining the scores for the three
subtests: very low, low, low to moderate, moderate to high, and
high.*

Statistical Analysis

The data were extracted for statistical analysis using IBM SPSS
Statistics software for Windows (version 23). To verify the nor-
mality of the sample, we used the Kolmogorov—Smirnov test
with Lilliefors correction, considering the variables age and edu-
cation level. The Mann—Whitney U test was used to analyze the
pairing of continuous variables between the groups. The chi-
square test of independence was used to determine whether the
results between the groups were correlated according to categor-
ical variables, and the bivariable correlation test was used to
determine the existence of correlation between the test results
for the CD group. Since this sample does not have a normal dis-
tribution, we used the Spearman correlation. Values of P < 0.05
were considered significant.

Results

Mean patient age for the CD group was 49.14 £ 10.86 years,
and they had an average of 9.46 & 4.16 years of education. Iso-
lated neck deviation postures were seen in 35 (70%): 29 (58%)
with torticollis and 6 (12%) laterocollis. The remaining
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TABLE 1 Comparative analysis between groups

Variable* Patients with cervical dystonia (n = 50) Controls (n = 50) JERS
Sex (M/F) 18/32 18/32 1
Age (years) 49.14 £ 10.86 48.04 £ 10.31 0.528
Education (years) 9.46 £ 4.16 10.4 £ 3.87 0.231
TWSTRS total score (0-85) 25.5 £ 13.38 - -
Severity score (0-35) 14.38 & 4.47 - -
Disability score (0-30) 6.04 £ 4.45 - -
Pain score (0-20) 7.95 £+ 4.89 - -
MMSE score (0-30) 27.8 £ 2.12 28.26 £ 1.56 0.481
TMT-A (sec) 61.2 £+ 47.61 39.78 £ 11.95 0.004
TMT-B (sec) 171.2 £ 98.24 120.94 £ 89.63 0.004
UFOV - processing speed (ms) 38.24 £ 66.02 15.24 £ 1.05 0.000
UFOV - divided attention (ms) 113.90 £ 158.53 33.02 £ 37.48 0.000
UFOV - selective attention (ms) 191.81 £ 150.65 101.62 + 66.84 0.001

*MMSE, Mini Mental State Examination; TWSTRS, Toronto Western Spasmodic Torticollis Rating Scale; UFOV, Useful Field of View Test.
“*The groups were compared using the Mann—Whitney U test, except for sex and dominant hand, which used the chi-square test.

15 participants (30%) had deviations involving combined pos-
tures. In the control group, mean age was 48.04 £ 10.31 years,
with an average education of 10.4 £ 3.87 years.

Table 1 shows the pairing between the groups and the clinical
characteristics. The results indicate statistically similar perfor-
mance on the MMSE (P = 0.481) and a significant difference in
the TMT-A (P = 0.004), TMT-B (P = 0.004), and the three
subtests comprising the UFOV test: processing speed
(P = 0.000), divided attention (P = 0.000), and selective atten-
tion (P = 0.001), all favoring the control group.

The categorical results, which show the frequency of each
risk level for complex everyday activities obtained for subjects
in both groups according to the UFOV test, are presented in
Fig. 1. The results for the UFOV test risk categories differed
significantly between the groups, with the CD patients dem-
onstrating higher risk categories more frequently than the
control group.

The results of bivariable correlation analysis are highlighted in
Table 2. Moderate correlations were found between the cogni-
tive tests and the UFOV subtests. As for the severity of dystonia
and the cognitive aspects assessed, a weak positive correlation
was found between the total TWSTRS score and the UFOV
selective attention subtest (p = 0.277; P < 0.01), and between
the TMT-B and the intensity subscale (p = 0.271; P < 0.01) and
the total TWSTRS score (p = 0.281; P < 0.01). Table 2 also
presents correlations found between the different parts of one
assessment, which were expected.

The analysis also demonstrated that the dominant movement
type (torticollis, anterocollis, retrocollis, or laterocollis) did not
affect the cognitive assessment results. When the CD group was
subdivided into patients with isolated postures (n = 35) or com-
bined postures (n = 15), a significant difference was only seen
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between these subgroups in the intensity subscale (P = 0.026)
and the total TWSTRS score.

Discussion

The UFOV test measures processing speed related to visual
aspects (such as visual acuity and contrast sensitivity) and cogni-
tive abilities (executive functioning, attention, and memory).
This test evaluates the skills necessary to perform everyday tasks

21534 I the present study, a sig-

in an experimental environment.
nificant difference was found between the CD group and the
control group for the results of the three UFOV subtests, as well
as more frequent findings of higher degrees of risk in performing
everyday activities in the CD patient group.

These findings may also reflect the pathophysiological sub-
strate of CD impacting visual function, which has been discussed
in the literature. One previous study found impairment in visual
discrimination of color and contrast perception in patients with
idiopathic focal dystonia, indicating that the pathophysiology of
these syndromes is not restricted to basal ganglia dysfunction.'
In addition, the role of the cerebellum in the pathophysiology of
dystonia has been the subject of attention in recent years,'' as
this structure may have a role in the integration of received visual
feedback information with motor responses when predicting
future actions.'? Furthermore, a recent study showed that CD
patients demonstrated an overall increase in reaction time to
locate peripheral targets."> This function depends on perception
in comparison with head alignment and eye position in the
orbit':; for this reason, disorders such as CD may have a subtle
impact on how visual information is proccssed.m’14
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FIG. 1. UFOV risk categories for complex everyday activities, cd group and control group. Significance was obtained using the chi-square
test and considering the likelihood ratio, since the number of frequencies lower than 5 exceeded 20%.

Bradnam et al. (2020) have demonstrated that dystonia could
affect performance of everyday activities related to vision, such as
walking, crossing the street, driving, and parking a car, which

could impact quality of life in these individuals.'®

Visual/spatial
deficits have been observed in patients with CD during tasks that

involve exploring the environment and identifying targets, when

TABLE 2 Correlations between ratings for the study group

patients exhibited saccadic eye movements to compensate for
head rotation; whether this compensation is a learned strategy to
overcome the physical restriction imposed by the dystonic pos-
ture of the head while exploring the environment or is the result
of a cerebellar dysfunction associated with the dystonia is still the
subject of debate.'® In isolated patients, these authors also found

Variable Mean (SD) 1 2 3 4 5 6 7 8 9 10
1 TWSTRS Severity  14.38 (4.47) 1

2 TWSTRSDisability  6.04 (4.45) L DI 1

3 TWSTRS Pain 7.95 (4.89) 384x% 445%* 1

4 TWSTRS Total 28.37 (10.93) SO SO0 75 1

5 MMSE 27.8 (2.12) —-.055 —17 —=0.02 —.116 1

6 TMT-A 61.2 (47.61) 226 124 —0.053 139 —.565%* 1

7 TMT-B 171.2 (98.24) 2715 181 0.087  281* —.619%* .607** 1

8 UFOV - PS 38.24 (66.02) —15  —.099 —.141 —.132 —.341%* 23 428** 1

9 UFOV - DA 113.90 (158.53) .077 .004 0.208 71 —362%%  443%%  509%*%  573%* 1

10 UFOV - SA 191.818 (150.65)  .206 133 0211 277*% —498%% 667Xk .655%*%  420%* | 744%* 1

Moderate correlations are in bold and highlighted in dark gray. Correlations between parts of the same assessment are in italics and highlighted in light gray.
Abbreviations: DA, Divided Attention; MMSE, Mini Mental State Examination; PS, Processing Speed; SA, Selective Attention; TWSTRS, Toronto Western Spasmodic

Torticollis Rating Scale.
*Signiﬁcant correlation at 0.01.
**Significant correlation at 0.05.
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a pattern of eye movement compatible with that seen in people
with chronic visual field deficits: some patients with head rota-
tion were unable to locate targets on the side opposite the devia-
tion.'> Bradnam et al. stressed the clinical importance of these
findings, since visual/spatial deficits could lead to functional losses
in mobility-related activities.'>

In this regard, the UFOV has been proven to be sensitive in
predicting risk of involvement in traffic accidents for different
age groups, particularly the selective attention subtest.>'*> No
previous studies on CD or idiopathic other forms of dystonia
have used the UFOV test, but it has been used to assess other
neurological diseases; in the area of movement disorders, it has
been used to demonstrate driving difficulties among patients with
Parkinson’s disease (PD).>*° These studies found that UFOV
results were correlated with the number of errors committed and
with failing scores on a practical driving test,”” and that tests such
as the UFOV and TMT can provide important data related to
the abilities needed for driving,*®

The results of the cognitive tests used in this study demon-
strated that participants with CD exhibited equivalent global
cognitive performance (as measured by the MMSE) but signifi-
cantly different performance on assessments related to specific
cognitive skills, such as selective attention, divided attention
(UFOV subtests), and executive functions (TMT-B), compared
to healthy controls.

Mobility in the environment, whether this means walking in
the street, using public transport, or (especially) driving a vehicle,
requires various simultaneous body functions®****' Executive
functions are essential for decision making, planning, execution,
and behavior in specific situations.*? In this present study, the
results of the TMT-B exhibited moderate positive correlations
with the three UFOV subtests: processing speed, divided atten-
tion, and selective attention, which is corroborated by the data
from previous studies.

Cognitive involvement in primary dystonia is a controversial
topic in the literature, often cited as a primary part of the pheno-
type, unrelated to motor manifestations,* or secondary to motor
symptoms.®’ In a retrospective study, Foley et al. (2017) com-
pared cognitive aspects and mood between 38 patients with pri-
mary dystonia (25 with CD and 13 with generalized dystonia)
and 50 healthy controls. The participants underwent a battery of
neuropsychological tests and were evaluated on global cognition,
memory, attention, and executive function. No significant differ-
ences were found in the results between the patients with
different clinical forms of dystonia, but when all patients with
dystonia were combined into one group and compared with the
controls, a significant difference was seen in cognitive tests such
as the TMT-A and TMT-B. Additionally, these authors pointed
out that the cognitive deficits found were not related to disability
or severity of motor symptoms.® Similarly, Duane (2004) stated
that deficits in executive functions and attention are most promi-
nent in CD, and these deficits were not influenced by the
TWSTRS pain or disability scores, suggesting that they may not
be secondary to motor symptoms. Based on these data and his
own observations, this same author speculate on the possibility

that the patterns of cognitive dysfunction in dystonia precede
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onset of motor symptoms, potentially indicating a neural system
that is intrinsically at risk for dystonia.”

Conversely, a literature review by Stamelou et al. (2012)
found little evidence that cognitive deficits are present in primary
dystonia, and argued that subtle alterations may be related to
motor symptoms and pain. These authors maintain that the
investigation of cognitive aspects is limited by the small samples
and heterogeneous populations in these studies.”*

This present study found weak positive correlations between
the total TWSTRS score and the UFOV selective attention sub-
test, and between the TMT-B and the intensity subscale and the
total TWSTRS score, which does not challenge the findings of
Foley et al. or Duane. Our sample excluded patients still affected
by botulinum toxin therapy (patients were included only at least
120 days after the last application); new research with a broader
sample including patients receiving and experiencing the eftects
of this therapy could help clarify the relationship between motor
symptoms and cognitive performance.

This present study includes a broad evaluation protocol, which
was intended to compare the performance of participants with and
without CD in functions that are important for everyday activities,
and presents results that are significant for the study of this health
condition, creating possibilities for discussion in this field.

Besides the difficulties addressed previously, some limitations
of this study should also be taken into consideration. Even
though a history of psychiatric illness was an exclusion factor,
because a depression scale was not applied this variable cannot be
entirely ruled out, and consequently may have influenced the
results of the cognitive assessments. Other aspects that were not
considered were the presence of tremor (since the scale chosen
for evaluation did not include this factor) and the use of sensory
tricks when the tests were being applied.

This study demonstrated that patients with CD exhibit signifi-
cant impairment of specific cognitive functions and visual plan-
ning. Additional research could further investigate the
pathophysiological relationship with the deficits found in our
sample and compare results in test subjects undergoing botuli-
num toxin therapy. The tools used in this study are usually
employed to evaluate complex everyday activities such as driv-
ing, but no studies or epidemiological data have demonstrated an
elevated frequency of traffic accidents among patients with
CD. Future studies could investigate the influence of CD on the
skills needed to perform this and other types of complex tasks.
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