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Background: Cervical dystonia is the most common form of focal dystonia. The

frequency and pattern of degenerative changes of the cervical spine in patients with

cervical dystonia and their relation to clinical symptoms remain unclear as no direct

comparison to healthy controls has been performed yet. Here, we used magnetic

resonance imaging (MRI) to investigate (1) whether structural abnormalities of the cervical

spine are more common in patients with cervical dystonia compared to age-matched

healthy controls, (2) if there are clinical predictors for abnormalities on MRI, and (3) to

calculate the inter-rater reliability of the respective radiological scales.

Methods: Twenty-five consecutive patients with cervical dystonia and 20 age-matched

healthy controls were included in the study. MRI scans of the cervical spine were

analyzed separately by three experienced raters blinded to clinical information, applying

different MRI rating scales. Structural abnormalities were compared between groups for

upper, middle, and lower cervical spine segments. The associations between scores

differentiating both groups and clinical parameters were assessed in dystonia patients.

Additionally, inter-rater reliability of the MRI scales was calculated.

Results: Comparing structural abnormalities, we found minor differences in the middle

cervical spine, indicated by a higher MRI total score in patients but no significant

correlation between clinical parameters and MRI changes. Inter-rater reliability was

satisfying for most of the MRI rating scales.

Conclusion: Our results do not provide evidence for a role of MRI of the cervical spine

in the routine work-up of patients with cervical dystonia in the absence of specific clinical

signs or symptoms.
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INTRODUCTION

Cervical dystonia (CD) is the most common form of focal
dystonia, characterized by contractions of agonists and
antagonists of the neck muscles, followed by twisting, repetitive
movements, or abnormal posture (1). Cervical dystonia is
very heterogeneous with regard to clinical presentation. This
includes different forms of abnormal posture, isolated, or in
combination. In addition, 28–68% of patients with cervical
dystonia suffer from a head tremor (2–6) and 66–75% report
neck pain of different intensity, which is responsible for a
significant proportion of their disability (2, 7). Botulinum toxin
injections are currently the first line treatment for cervical
dystonia (8–10). However, the response can vary from excellent
results to complete treatment failure.

Only few studies have systematically investigated the
frequency of structural spinal changes in patients with CD
by means of x-ray or computerized tomography (CT). Of
128 patients with CD who underwent cervical plain x-ray
examinations, 63.1% showed degenerative changes (11). Another
study found moderate to severe degenerative changes in CT
scans of the cervical spine in 14 out of 34 patients with CD who
were referred for selective peripheral denervation because of
primary resistance to or secondary failure of botulinum toxin
treatment (12). Previous studies using magnetic resonance
imaging (MRI) have demonstrated that age-related changes
of the cervical spine are widely present even in asymptomatic
healthy subjects (13). Thus, the importance of degenerative
changes in CD and how they relate to clinical symptoms remains
somewhat unclear as no direct comparison to healthy controls
has been performed.

The aim of this study was to use MRI to investigate (1) for
the first time whether structural abnormalities of the cervical
spine are more common in patients with CD compared to
age-matched healthy controls, (2) whether an association exists
between structural spinal changes and certain clinical parameters
such as disease severity, and (3) to assess the inter-rater reliability
of the respective radiological scales.

METHODS

Participants
We investigated 25 consecutive patients (18 women, 7men; mean
age 60.9± standard deviation 12.1 years, range 28–75 years) with
definite cervical dystonia either isolated (20 patients) or as part of
a segmental dystonia (five patients) from theMovement Disorder
outpatient clinic of the Department of Neurology, Medical
University of Graz, Austria. With regard to the subtypes of
cervical dystonia, themajority of our patients had an involvement
of the neck and the head (80%), 20% had only neck involvement,
none of our patients had a pure involvement of the head. Almost
half of the patients had a torticollis/-caput (42.9%), followed by a
combination of torticollis/-caput and laterocollis/-caput (28.6%),
19% of patients had a combination of torticollis/-caput and
retrocollis/-caput, the minority had a pure laterocollis (4.8%) or
a combined torticollis and anterocollis (4.8%).

We further recruited 20 age-matched healthy control subjects
(14 women, 6 men; mean age 55.8 ± standard deviation 16.7
years, range 26–79 years) without clinical symptoms such as
neck pain or brachialgia, and without a previous history of
cervical spine disease or earlier interventions performed in the
cervical region. Subjects with pseudo-dystonia, claustrophobia,
or contraindications forMRI (pregnancy or metal implants) were
excluded from this study. In the MRI scanner all patients were
able to keep their head and neck in a neutral position so that
blinding was respected. All patients receiving BTX treatment
(24 patients) had their last injections at least 3 months before
the clinical examination. Informed consent in accordance with
the Declaration of Helsinki was obtained from all subjects and
the study was approved by the ethics committee at the Medical
University of Graz.

Clinical Examination
In addition to demographics and taking the medical history,
clinical examination included a standardized neurological
examination focusing on signs and symptoms of root or spinal
cord compression and the Tsui score (14) to evaluate the severity
of cervical dystonia.

MRI of the Cervical Spine
Study participants underwent MRI of the cervical spine at
the Department of Radiology, Medical University of Graz,
Austria at a single 3.0-T whole-body scanner (Trio; Siemens,
Erlangen, Germany). The protocol included sagittal T2-weighted
TSE (Turbo spin echo) sequences (TR 4,000, TE 112ms, slice
thickness 3mm) and sagittal T1-weighted TSE sequences (TR
550, TE 11ms, slice thickness 3mm) in addition to axial
sequences [T2-weighted TSE and 2D T2-weighted gradient-echo
(me2d)]. No intravenous contrast agent was given. Nine patients
had received a routine MRI of the cervical spine (1.5 Tesla) with
a similar protocol within 3 months prior to the study visit at
an external radiological clinic. After all scans had been collected
three experienced raters (CE, DB, and MM), who were blinded
to the diagnosis and other clinical or demographic information,
independently analyzed the anonymized scans according to
a standardized protocol. Raters evaluated each cervical spine
segment (C2/C3 to C6/7) and the whole cervical spine (C2–C7)
using six scales (Table 1), which focused on different radiologic
abnormalities in sagittal images. In addition, axial sequences were
checked for additional abnormal findings. According to the scale
published by Kang et al. (15), T2-weighted sagittal images were
used to assess cervical canal stenosis. Degenerative changes in the
cervical intervertebral disk (disc degeneration by loss of signal
intensity in T2, posterior, and anterior disc protrusion in T1,
narrowing of the disc space and foraminal stenosis in T1) were
evaluated by using Matsumotos’ scale (16). Subscale posterior
disc protrusion was omitted due to its similarity to Kang’s
scale. By means of the Modic score (17) MRI signal intensity
changes in the vertebral body marrow adjacent to the endplates
of degenerative disk in T1 and T2 were assessed. The primary
outcome parameter was the MRI total score, a sum score of all six
subscores for each segment to cover all aspects of MRI changes,
secondary outcome parameters were the respective subscales.
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TABLE 1 | Radiological scales.

Cervical Canal Stenosis [18]

0 Absence of central canal stenosis

1 Nearly complete obliteration of subarachnoid space, including

obliteration of the arbitrary subarachnoid space exceeding 50%,

without signs of cord deformity

2 Central canal stenosis with cord deformity but without spinal cord

signal change

3 Presence of spinal cord signal change near the compressed level

on T2-weighted images

Degenerative changes in the cervical intervertebral disk [19]

Disc degeneration (Matsumoto 1a)

0 Bright as or slightly less bright than cerebrospinal fluid

1 Dark and/or speckled

2 Almost black

Anterior disc protrusion (Matsumoto 2a)

0 Disc material confined within the anterior margin of the vertebral

body

1 Disc material protruding beyond the anterior margin of the

vertebral body

Narrowing of the disc space (Matsumoto 3a)

0 No narrowing or <25% loss in height compared with the most

adjacent normal disc space

1 25–50% loss of height

2 More than 50% loss of height

Foraminal stenosis (Matsumoto 4a)

0 No obliteration of intraforaminal fat

1 Disc material or bony spurs obliterating intraforaminal fat

unilaterally or bilaterally

Degenerative changes in vertebral bodies [20]

1 Hypointense signal in T1-weighted imaging and hyperintense

signal in T2-weighted imaging corresponding to vertebral body

edema and hypervascularity

2 Hyperintense signal in T1-weighted imaging and hyperintense

signal in T2-weighted imaging reflecting fatty replacements of the

red bone marrow

3 Hypointense signal in T1-weighted imaging and hypointense signal

in T2-weighted imaging consisting of subchondral bone sclerosis

a for simplification called Matsumoto 1–4.

Based on clinical and functional relevance, structural
abnormalities on MRI were compared between both groups for
upper (C2/C3), middle (C3/C4 + C4/C5) and lower (C5/C6
+ C6/C7) cervical spine using t-tests if data were normally
distributed or Mann–Whitney U-tests in case of non-normal
distribution. For this purpose, ratings of the three independent
raters for each segment were averaged and summarized for
middle and lower cervical spine. Results of the secondary
outcome parameters were corrected for multiple comparisons
using the False Discovery Rate (FDR) (18).

The associations between those scores that allowed
differentiation between both groups and four clinical parameters
[disease duration, TSUI total, TSUI subscale pain, BTX efficacy
(maximum decrease of symptoms from 0 to 100%)] were
assessed in patients with cervical dystonia using age and sex
adjusted linear regression. P-values obtained from regression

TABLE 2 | Demographics and clinical data.

Patients (n = 25) Controls (n = 20) p-value

mean ± SD or

number (%)

mean ± SD or

number (%)

Female sex 18 (72%) 14 (70%) p = 0.886

Age, y 60.9 ± 12.1 55.8 ± 16.7 p = 0.234

Age at onset, y 43.7 ± 16.1

Disease duration, y 16.8 ± 10.9

Isolated CD 20 (80%)

Positive FH 9 (36%)

Precipitating trauma 5 (20%)

Tremor 18 (72%)

BTX 24 (96%)

Duration of BTX, y 7.4 ± 6.1

BTX dosage, mu 434.8 ± 187.3

BTX efficacy, % 56.3 ± 28.9

Tsui total score 6.7 ± 3.0

Tsui pain score 1.2 ± 1.2

y, years, CD, cervical dystonia; FH, family history; BTX, botulinum toxin; mu, mouse units;

SD, standard deviation.

analyses were also adjusted for multiple comparisons using FDR.
A p-value of <0.05 was considered significant.

Inter-rater reliability (IRR) for MRI images of the cervical
spine was calculated with the intraclass correlation coefficient
(ICC) for cervical canal stenosis, disc degeneration, narrowing
of the disc space, the Modic classification, the sum score of all
subscales of Matsumoto (Matsumoto total score), and the MRI
total score. Fleiss kappa (κ) value was used to evaluate inter-
rater reliability of anterior disc protrusion and foraminal stenosis
because of their binary nature.

Statistical analysis was performed using program SPSS (IBM
Statistics for Windows, version 23; Armonk, NY, USA) and R [R
Core Team (2015). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project.org/.]

All values are reported as mean ± standard deviation (SD)
unless otherwise given.

RESULTS

Demographics and Clinical Details
Data are provided in Table 2.

MRI Abnormalities and Correlation With
Clinical Parameters
Comparing the MRI total score of the upper, middle, and lower
cervical spine between patients with CD and healthy controls we
only found significant differences in the middle cervical spine
(C3/C4 + C4/C5) (Table 3). Based on this sum score covering
all aspects of radiological changes, structural abnormalities in
the middle cervical spine were more prominent in CD patients
compared to controls.
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TABLE 3 | MRI total score for upper, middle, and lower cervical spine.

Patients (mean + SD) Controls (mean + SD) p-value

Upper cervical spine 2.88 ± 0.89 2.52 ±1.30 0.293

Middle cervical spine 8.90 ± 3.85 6.23 ± 4.64 0.039*

Lower cervical spine 10.54 ± 4.85 9.57 ± 6.26 0.560

SD, standard deviation, *p < 0.05.

TABLE 4 | Kang, Matsumoto, and Modic scores for upper, middle, and lower

cervical spine.

Patients

(median [IQR])

Controls

(median [IQR])

p-value

(uncorrected)

Kang

Upper cervical spine 0.00 [0.00–0.17] 0.00 [0.00–0.00] 0.376

Middle cervical spine 1.33 [0.67–2.33] 1.00 [0.08–1.58] 0.086

Lower cervical spine 2.00 [0.67–2.50] 1.33 [0.75–2.25] 0.73

Matsumoto 1

Upper cervical spine 1.67 [1.17–2.00] 1.50 [0.75–1.91] 0.249

Middle cervical spine 3.00 [2.33–3.50] 2.17 [1.33–3.33] 0.123

Lower cervical spine 3.00 [2.00–3.33] 2.67 [1.08–3.58] 0.382

Matsumoto 2

Upper cervical spine 0.00 [0.00–0.00] 0.00 [0.00–0.00] 0.692

Middle cervical spine 0.67 [0.33–1.33] 0.33 [0.00–0.67] 0.013*

Lower cervical spine 1.33 [0.67–2.00] 1.00 [0.67–1.67] 0.33

Matsumoto 3

Upper cervical spine 0.00 [0.00–0.50] 0.00 [0.00–0.33] 0.247

Middle cervical spine 1.33 [0.50–2.33] 0.33 [0.33–1.33] 0.068

Lower cervical spine 2.00 [1.17–3.50] 1.33 [0.17–3.58] 0.568

Matsumoto 4

Upper cervical spine 0.00 [0.00–0.00] 0.00 [0.00–0.00] 0.113

Middle cervical spine 0.50 [0.00–1.17] 0.17 [0.00–0.63] 0.174

Lower cervical spine 0.33 [0.00–1.00] 0.83 [0.00–1.00] 0.522

Matsumoto total

Upper cervical spine 2.00 [1.67–2.00] 1.50 [0.75–2.00] 0.145

Middle cervical spine 5.67 [3.67–7.17] 3.67 [2.08–5.33] 0.025*

Lower cervical spine 6.67 [4.33–9.00] 6.83 [1.92–9.17] 0.529

Modic

Upper cervical spine 0.00 [0.00–0.67] 0.67 [0.00–0.67] 0.616

Middle cervical spine 0.00 [0.00–1.67] 0.00 [0.00–0.25] 0.168

Lower cervical spine 1.00 [0.33–2.00] 1.00 [0.00–2.92] 0.991

IQR, interquartile range.

*Results did not stand correction for multiple comparisons.

Further analysis of the respective subscales revealed
differences in the middle cervical spine between both groups
in Matsumoto 2 and Matsumoto total pointing to more severe
degenerative changes in the intervertebral disk in CD patients.
However, after correction for multiple testing, no significant
result for these secondary outcome parameters remained
(Table 4). No further abnormalities were detected by analysis of
axial sequences.

TABLE 5 | Correlations between radiological scores and clinical parameters.

p-value (uncorrected)

MRI total score DD 0.151

Tsui total 0.198

Tsui pain 0.509

BTX efficacy 0.192

Matsumoto 2 DD 0.911

Tsui total 0.074

Tsui pain 0.379

BTX efficacy 0.795

Matsumoto total DD 0.434

Tsui total 0.024*

Tsui pain 0.267

BTX efficacy 0.661

DD, disease duration; BTX, botulinum toxin.

*Result did not stand correction for multiple comparisons.

Correlation of the MRI total score, Matsumoto 2, and
Matsumoto total score of the middle cervical spine with clinical
parameters only showed a positive result for the Matsumoto
total score and the TSUI total score (p = 0.024). More
prominent degenerative changes of the intervertebral disk
were associated with more severe clinical presentation. After
correcting for multiple comparisons however, no significant
correlation remained (Table 5). No other correlations between
structural MRI changes and clinical parameters were found.

Inter-Rater Reliability of MRI Scales
The MRI total score showed excellent or almost perfect
agreement (ICC ≥ 0.706) except for segment C2/C3 (ICC =

0.294). Inter-rater reliability for cervical canal stenosis (Kang)
showed excellent agreement in segments C3/C4, C4/C5, C6/C7,
and C2–C7 (ICC≥ 0.624). All other segments showedmaximally
moderate agreement (ICC ≤ 0.533). With segment C2/C3 (ICC
= 0.374) being the only exception, the Matsumoto total score
showed excellent or almost perfect agreement (ICC ≥ 0.667).
Excellent inter-rater reliability for disc degeneration (Matsumoto
1) and narrowing of the disc space (Matsumoto 3) was found in
segments C3/C4, C5/C6, C6/C7, and C2–C7 (ICC≥ 0.618). In all
other segments moderate agreement was found (ICC ≤ 0.605).
Segment C6/C7 for anterior disc protrusion (Matsumoto 2) (κ =

0.636) and segment C5/C6 for foraminal stenosis (Matsumoto 4)
(κ = 0.506) showed substantial/moderate agreement. In all other
segmentsmaximally fair agreement was found (κ≤ 0.395). IRR of
the Modic classification revealed maximally moderate agreement
in all segments (ICC ≤ 0.594).

DISCUSSION

In this study, we investigated structural MRI findings of the
cervical spine in patients with cervical dystonia compared to
age-matched healthy controls.

Comparing structural abnormalities, we only found minor
differences between our patients and controls. Although the MRI
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total score of the middle cervical spine was significantly higher
in patients than in controls indicating more severe structural
abnormalities in this anatomical region (Table 3), analysis of
the subscales did not reveal any significant differences after
correcting for multiple comparisons (Table 4).

Data on structural imaging in cervical dystonia is rare.
Chawda et al. (12) assessed the severity of degenerative changes
from the clivus to the mid-cervical spine by CT in patients
referred to selective peripheral denervation because of either
primary or secondary failure to BTX treatment. Fourteen out of
34 patients (41.2%) had moderate to severe degenerative changes
predominantly at C2/C3 and C3/C4 without any significant
difference in clinical parameters such as age, gender, disease
duration, disability, and pain compared to patients with either no
or minimal changes. However, duration of inadequate treatment
was longer, head mobility was more restricted, and head tremor
was more severe in the latter group. Even though no control
groupwas investigated, the changes were thought to bemore than
would be expected in an age-matched control group.

Frequent changes on x-rays were found by Risvoll and
Kerty (11) in a study on the diagnostic value of imaging
and laboratory investigations in typical cervical dystonia.
Patients were investigated with cerebral CT/MRI, plain X-
ray examination with functional x-rays, blood tests including
antinuclear and anticardiolipin antibodies, ceruloplasmin, and
cerebrospinal fluid. 63.1% showed degenerative changes and
abnormalities included, e.g., spine curvature disorders, forward
luxation, or degenerative changes. These changes were age-
related and in concordance to our findings no clear and
consistent relations between symptoms and changes seen on x-
ray films were depicted. The authors concluded that there is
little point in requesting expensive tests if no other neurological
symptoms than typical cervical dystonia are present.

A comparison of structural MRI changes in patients with
cervical dystonia and healthy persons who will presumably
exhibit the process of natural aging is important for
understanding the true long term impact of cervical dystonia on
radiological findings in CD patients.

Structural changes in MRI imaging of the cervical spine are
frequent in general and even more with increasing age. They
probably develop due to degenerative changes on a physiological
basis predominately at level C5/C6 or even lower without
producing clinical symptoms; C2/C3 is least often affected.
Higher cervical segments are associated with most rotation and
little flexion/extension, as opposed to the lower cervical spine
where flexion/extension predominates.

Kato et al. (19) found that the sagittal diameter of the spinal
canal and both the cross-sectional area of the dural tube and the
spinal cord tended to decrease with increasing age in more than
1,200 asymptomatic subjects.

A grading system for disc degeneration was first published by
Matsumoto et al. (16). He investigated 497 asymptomatic subjects
and found the frequency of all degenerative changes linearly
increasing with age. Disc degeneration was most common (86%
in women, 89% inmen above age 60) andwas associated with disc
protrusion and narrowing of the disc space. Disc degeneration
(herniation, annular fissure, nucleus degeneration) was also

found to be very frequent (81, 85.9, and 95.4%, respectively) in
102 asymptomatic Korean subjects (20). In a recent study by
Nakashima et al. (21) disc bulging increased with age in terms of
severity, frequency, and number of affected levels. The incidence
was already very high in subjects in their 20s (73.3% in males and
78% in females) and increased further from the 20s to the 50s.

The development of Modic changes (degenerative changes
in the vertebral bodies) over time was prospectively studied by
Matsumoto et al. (22). Modic changes increased from 4.5 to
13.9% at follow up after 11.6 years and were associated with age
above 40 years, male gender, and pre-existing disc degeneration.
Similarly, Mann et al. (23) found subjects with Modic changes
2.5 times more likely to develop disc herniations at the same level
than subjects without Modic changes.

In comparison to the literature above, we found degenerative
changes in patients more often at a higher level (middle
cervical spine). This part of the cervical spine seems to be
more vulnerable than lower segments in patients with cervical
dystonia. In accordance with Chawda et al. (12), we assume that
the continuous abnormal head movements in cervical dystonia
seem to strain the upper/middle cervical articulations more than
the lower cervical spine, as there is less mobility at lower levels.

Concerning clinical parameters, the only positive correlation
between Matsumoto total score in the middle cervical spine and
the Tsui total score as degree of dystonia severity did not stand
correction for multiple testing. All remaining correlations did
not reveal a significant result. Since literature on MRI of the
cervical spine and cervical dystonia is scarce, there is hardly
any data on the association of clinical symptoms with spinal
MRI abnormalities in this group of patients. Chawda et al. (12)
found, that the duration of inadequate treatment was longer, head
mobility wasmore restricted, and head tremor wasmore severe in
a group of patients with moderate or severe degenerative changes
on CT compared to patients with no or minimal changes. In
comparison to the patients included in the above mentioned
study, our patients only had mild to moderate symptoms that
were relieved at least to some extent by regular botulinum
toxin injections.

In a prospective, 10-year follow up study in patients with
whiplash injury compared to healthy controls no significant
associations between the progression of degenerative MRI
findings according to the Matsumoto scale and the clinical
symptoms (neck pain, shoulder stiffness, headache, and arm
pain/stiffness) were observed in either group (22). Since
degenerative changes in our study were hardly different
from healthy controls, this might explain why we did not
find strong associations between structural abnormalities and
clinical symptoms.

For most of the MRI rating scales and subscales (cervical
canal stenosis, disc degeneration, narrowing of the disc space,
Matsumoto total score, and MRI total score), inter-rater
reliability was excellent or almost perfect in the lower segments
of the cervical spine. In higher segments, the rating was more
heterogeneous, most likely influenced by difficulties due to
overlapping anatomical structures. Results for the Modic score,
which classifies degenerative changes in the vertebral bodies next
to spinal disk (17), were not as good. Originally and importantly,
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this classification was introduced for the lumbar spine, for which
good inter-rater agreement has been described in various studies
(24–30). So far only a few papers assessed inter-rater reliability of
the Modic classification in the cervical spine (22, 23, 31). Apart
from substantial agreement published by (31) (K = 0.73) Fleiss
Kappa values were comparable to our results (K = 0.54 and
0.62, respectively). Except for individual lower segments, inter-
rater reliability for the subscales anterior disc protrusion, and
foraminal stenosis was only fair. Difficulties in rating foraminal
stenosis may be due to the fact that we used sagittal images
whereas axial images were used by Matsumoto et al. (22).

With this study, we did not aim to discriminate whether
potential morphological changes may be the cause or the
consequence of CD. The novelty of our study lies first in the usage
of MRI to study structural changes of the cervical spine in CD
patients and second in the comparison to asymptomatic controls.
However, there are some limitations to this study. Since patients
were enrolled consecutively, a minority of patients (20%) had
their CD as part of a segmental dystonia. There is a substantial
clinical overlap between cervical and segmental dystonia with
neck involvement. A recent study in patients with cervical
dystonia, either pure focal or as part of a segmental dystonia
has shown, that the majority (77.2%) of patients with focal
neck onset (78.5%) remained focal indeed, whereas 22.8% later
spread to a contiguous body part defining segmental dystonia.
Segmental onset with neck involvement (8.2%) or focal onset
elsewhere with segmental spread to the neck (13.3%) was also not
uncommon (32).

A larger sample size might have raised the level of significance
of the structural differences observed in themiddle cervical spine.

Due to the limited sample size we were not able to include all
possible CD subtypes in our study cohort. Therefore, we cannot
exclude, that specific CD subtypes and those withmore severe CD
or longer disease duration do actually have significant cervical
spine changes on MRI assessment, compared to healthy controls.
Also, all but one of our patients received botulinum toxin on a
regular basis, therefore we cannot make a statement about the
natural course of cervical dystonia and its impact on structural
MRI abnormalities. To answer this questions larger studies
including patients with all subtypes of CD and longer disease
duration in a longitudinal study protocol over a longer period,
ideally a few decades, would be desirable. Another limitation
is that the healthy controls were slightly younger than patients,
however this difference was not statistically significant.

With regard to the use of scanners with different field
strengths it is important to emphasize, that the vast majority of
our participants underwent a 3.0-T MRI, and only few of them

had been scanned at lower field strengths. To the best of our
knowledge, there is no convincing evidence in the literature that
this might have affected the results of our study considering the
radiological ratings done (15, 16).

According to the EFNS guidelines from 2011 (8) structural
brain imaging is not routinely required when there is a
confident diagnosis of a formerly called “primary dystonia”
[genetic or idiopathic case in which dystonia is isolated and
there is no consistent pathologic change (33)]. Our results
do not provide evidence for a role of MRI of the cervical
spine in the routine work-up of patients with CD in the
absence of commonly accepted clinical signs or symptoms, since
degenerative changes are generally not more severe than in
healthy controls. Based on our finding that structural changes
in cervical dystonia are commonly found in higher cervical
segments compared to healthy controls, it is important to
consider abnormalities like radiculopathy or myelopathy even in
atypical neurological distributions.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics committee Medical University of Graz
Graz, Austria. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

PS and CE contributed to conception and design of the study.
PS, CE, and HD organized the study. CE, DB, and MM analyzed
the scans. PK-W, SS, MK, KW, and PS contributed to the
acquisition of clinical data. EH and PK-W were involved in
design and execution of the statistical analysis. PK-W wrote the
first draft of the manuscript, all authors revised the manuscript
critically for important intellectual content and approved the
submitted version.

ACKNOWLEDGMENTS

We thank Carmen Isabella Höllein for her contribution to
this study.

REFERENCES

1. Fahn S. Concept and classification of dystonia. Adv Neurol. (1988) 50:1–8.

2. Chan J, Brin MF, Fahn S. Idiopathic cervical dystonia: clinical characteristics.

Mov Disord. (1991) 6:119–26. doi: 10.1002/mds.870060206

3. Defazio G, Gigante AF, Abbruzzese G, Bentivoglio AR, Colosimo C,

Esposito M, et al. Tremor in primary adult-onset dystonia: prevalence and

associated clinical features. J Neurol Neurosurg Psychiatry. (2013) 84:404–

8. doi: 10.1136/jnnp-2012-303782

4. Jankovic J, Leder S, Warner D, Schwartz K. Cervical dystonia: clinical

findings and associated movement disorders. Neurology. (1991) 41:1088–

91. doi: 10.1212/WNL.41.7.1088

5. Molho ES, Feustel PJ, Factor SA. Clinical comparison of tardive and idiopathic

cervical dystonia.Mov Disord. (1998) 13:486–9. doi: 10.1002/mds.870130319

Frontiers in Neurology | www.frontiersin.org 6 May 2020 | Volume 11 | Article 472

https://doi.org/10.1002/mds.870060206
https://doi.org/10.1136/jnnp-2012-303782
https://doi.org/10.1212/WNL.41.7.1088
https://doi.org/10.1002/mds.870130319
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Katschnig-Winter et al. Structural MRI in Cervical Dystonia

6. Pal PK, Samii A, SchulzerM,Mak E, Tsui JK. Head tremor in cervical dystonia.

Can J Neurol Sci. (2000) 27:137–42. doi: 10.1017/S0317167100052240

7. Comella C, Bhatia K. An international survey of patients with cervical

dystonia. J Neurol. (2015) 262:837–48. doi: 10.1007/s00415-014-

7586-2

8. Albanese A, Asmus F, Bhatia KP, Elia AE, Elibol B, Filippini G, et al. EFNS

guidelines on diagnosis and treatment of primary dystonias. Eur J Neurol.

(2011) 18:5–18. doi: 10.1111/j.1468-1331.2010.03042.x

9. Simpson DM, Blitzer A, Brashear A, Comella C, Dubinsky R, Hallett M, et al.

Assessment: botulinum neurotoxin for the treatment of movement disorders

(an evidence-based review): report of the therapeutics and technology

assessment subcommittee of the American academy of neurology. Neurology.

(2008) 70:1699–706. doi: 10.1212/01.wnl.0000311389.26145.95

10. Swope D, Barbano R. Treatment recommendations and practical applications

of botulinum toxin treatment of cervical dystonia. Neurol Clin. (2008)

26(Suppl 1):54–65. doi: 10.1016/S0733-8619(08)80005-9

11. Risvoll H, Kerty E. To test or not? The value of diagnostic tests in cervical

dystonia.Mov Disord. (2001) 16:286–9. doi: 10.1002/mds.1043

12. Chawda SJ, Munchau A, Johnson D, Bhatia K, Quinn NP, Stevens J,

et al. Pattern of premature degenerative changes of the cervical spine

in patients with spasmodic torticollis and the impact on the outcome

of selective peripheral denervation. J Neurol Neurosurg Psychiatry. (2000)

68:465–71. doi: 10.1136/jnnp.68.4.465

13. Okada E, Matsumoto M, Ichihara D, Chiba K, Toyama Y, Fujiwara H, et al.

Aging of the cervical spine in healthy volunteers: a 10-year longitudinal

magnetic resonance imaging study. Spine (Phila Pa 1976). (2009) 34:706–

12. doi: 10.1097/BRS.0b013e31819c2003

14. Tsui JK, Eisen A, Stoessl AJ, Calne S, Calne DB. Double-blind study

of botulinum toxin in spasmodic torticollis. Lancet. (1986) 2:245–

7. doi: 10.1016/S0140-6736(86)92070-2

15. Kang Y, Lee JW, Koh YH, Hur S, Kim SJ, Chai JW, et al. New MRI grading

system for the cervical canal stenosis.AJR Am J Roentgenol. (2011) 197:W134–

40. doi: 10.2214/AJR.10.5560

16. Matsumoto M, Fujimura Y, Suzuki N, Nishi Y, Nakamura M, Yabe

Y, et al. MRI of cervical intervertebral discs in asymptomatic subjects.

J Bone Joint Surg Br. (1998) 80:19–24. doi: 10.1302/0301-620X.80B1.

0800019

17. Modic MT, Steinberg PM, Ross JS, Masaryk TJ, Carter JR. Degenerative

disk disease: assessment of changes in vertebral body marrow with MR

imaging. Radiology. (1988) 166(1 Pt 1):193–9. doi: 10.1148/radiology.166.1.

3336678

18. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical

and powerful approach to multiple testing. J R Stat Soc Ser B. (1995) 57:289–

300. doi: 10.1111/j.2517-6161.1995.tb02031.x

19. Kato F, Yukawa Y, Suda K, Yamagata M, Ueta T. Normal morphology, age-

related changes and abnormal findings of the cervical spine. Part II: Magnetic

resonance imaging of over 1,200 asymptomatic subjects. Eur Spine J. (2012)

21:1499–507. doi: 10.1007/s00586-012-2176-4

20. Lee TH, Kim SJ, Lim SM. Prevalence of disc degeneration in asymptomatic

korean subjects. Part 2: cervical spine. J Korean Neurosurg Soc. (2013) 53:89–

95. doi: 10.3340/jkns.2013.53.2.89

21. Nakashima H, Yukawa Y, Suda K, Yamagata M, Ueta T, Kato F.

Abnormal findings on magnetic resonance images of the cervical spines

in 1211 asymptomatic subjects. Spine (Phila Pa 1976). (2015) 40:392–

8. doi: 10.1097/BRS.0000000000000775

22. Matsumoto M, Okada E, Ichihara D, Chiba K, Toyama Y, Fujiwara H,

et al. Modic changes in the cervical spine: prospective 10-year follow-

up study in asymptomatic subjects. J Bone Joint Surg Br. (2012) 94:678–

83. doi: 10.1302/0301-620X.94B5.28519

23. Mann E, Peterson CK, Hodler J. Degenerative marrow (modic) changes on

cervical spine magnetic resonance imaging scans: prevalence, inter- and intra-

examiner reliability and link to disc herniation. Spine (Phila Pa 1976). (2011)

36:1081–5. doi: 10.1097/BRS.0b013e3181ef6a1e

24. Benneker LM, Heini PF, Anderson SE, Alini M, Ito K. Correlation

of radiographic and MRI parameters to morphological and biochemical

assessment of intervertebral disc degeneration. Eur Spine J. (2005) 14:27–

35. doi: 10.1007/s00586-004-0759-4

25. Fayad F, Lefevre-Colau MM, Drape JL, Feydy A, Chemla N, Quintero

N, et al. Reliability of a modified Modic classification of bone

marrow changes in lumbar spine MRI. Joint Bone Spine. (2009)

76:286–9. doi: 10.1016/j.jbspin.2008.09.012

26. Jones A, Clarke A, Freeman BJ, Lam KS, Grevitt MP. TheModic classification:

inter- and intraobserver error in clinical practice. Spine (Phila Pa 1976). (2005)

30:1867–9. doi: 10.1097/01.brs.0000173898.47585.7d

27. Kjaer P, Korsholm L, Bendix T, Sorensen JS, Leboeuf-Yde C. Modic changes

and their associations with clinical findings. Eur Spine J. (2006) 15:1312–

9. doi: 10.1007/s00586-006-0185-x

28. Peterson CK, Gatterman B, Carter JC, Humphreys BK, Weibel A. Inter- and

intraexaminer reliability in identifying and classifying degenerative marrow

(Modic) changes on lumbar spine magnetic resonance scans. J Manipulative

Physiol Ther. (2007) 30:85–90. doi: 10.1016/j.jmpt.2006.12.001

29. Wang Y, Videman T, Niemelainen R, Battie MC. Quantitative

measures of modic changes in lumbar spine magnetic resonance

imaging: intra- and inter-rater reliability. Spine (Phila Pa 1976). (2011)

36:1236–43. doi: 10.1097/BRS.0b013e3181ecf283

30. Zook J, Djurasovic M, Crawford C 3rd, Bratcher K, Glassman

S, Carreon L. Inter- and intraobserver reliability in radiographic

assessment of degenerative disk disease. Orthopedics. (2011)

34:275–9. doi: 10.3928/01477447-20110228-07

31. Li J, Qin S, Li Y, Shen Y. Modic changes of the cervical spine: T1

slope and its impact on axial neck pain. J Pain Res. (2017) 10:2041–

5. doi: 10.2147/JPR.S144814

32. Norris SA, Jinnah HA, Espay AJ, Klein C, Bruggemann N, Barbano RL, et al.

Clinical and demographic characteristics related to onset site and spread of

cervical dystonia.Mov Disord. (2016) 31:1874–82. doi: 10.1002/mds.26817

33. Fahn S, Bressman SB, Marsden CD. Classification of dystonia. Adv Neurol.

(1998) 78:1–10.

Conflict of Interest: The 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.

Copyright © 2020 Katschnig-Winter, Enzinger, Bohlsen, Magyar, Seiler, Hofer,

Franthal, Homayoon, Kögl, Wenzel, Deutschmann, Fazekas, Schmidt and

Schwingenschuh. This is an open-access article distributed under the terms of

the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 7 May 2020 | Volume 11 | Article 472

https://doi.org/10.1017/S0317167100052240
https://doi.org/10.1007/s00415-014-7586-2
https://doi.org/10.1111/j.1468-1331.2010.03042.x
https://doi.org/10.1212/01.wnl.0000311389.26145.95
https://doi.org/10.1016/S0733-8619(08)80005-9
https://doi.org/10.1002/mds.1043
https://doi.org/10.1136/jnnp.68.4.465
https://doi.org/10.1097/BRS.0b013e31819c2003
https://doi.org/10.1016/S0140-6736(86)92070-2
https://doi.org/10.2214/AJR.10.5560
https://doi.org/10.1302/0301-620X.80B1.0800019
https://doi.org/10.1148/radiology.166.1.3336678
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1007/s00586-012-2176-4
https://doi.org/10.3340/jkns.2013.53.2.89
https://doi.org/10.1097/BRS.0000000000000775
https://doi.org/10.1302/0301-620X.94B5.28519
https://doi.org/10.1097/BRS.0b013e3181ef6a1e
https://doi.org/10.1007/s00586-004-0759-4
https://doi.org/10.1016/j.jbspin.2008.09.012
https://doi.org/10.1097/01.brs.0000173898.47585.7d
https://doi.org/10.1007/s00586-006-0185-x
https://doi.org/10.1016/j.jmpt.2006.12.001
https://doi.org/10.1097/BRS.0b013e3181ecf283
https://doi.org/10.3928/01477447-20110228-07
https://doi.org/10.2147/JPR.S144814
https://doi.org/10.1002/mds.26817
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Minor Structural Differences in the Cervical Spine Between Patients With Cervical Dystonia and Age-Matched Healthy Controls
	Introduction
	Methods
	Participants
	Clinical Examination
	MRI of the Cervical Spine

	Results
	Demographics and Clinical Details 
	MRI Abnormalities and Correlation With Clinical Parameters
	Inter-Rater Reliability of MRI Scales

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


