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Abstract
Objective—Cervical Dystonia (CD) lacks an objective quantitative measure. Electrical
impedance myography (EIM) is a non-invasive assessment method sensitive to changes in muscle
structure and physiology. We evaluate the potential role of EIM in quantifying CD, hypothesizing
that patients would demonstrate differences in the symmetry of muscle electrical resistance
compared to controls, and that this asymmetry would decrease after botulinum neurotoxin (BoNT)
treatment.

Methods—EIM was performed on the sternocleidomastoid (SCM) and cervical paraspinal (PS)
muscles of CD patients and age-matched controls. 50kHz Resistance was analyzed, comparing
side-to-side asymmetry in patients and controls, and, in patients, before and after BoNT treatment.

Results—16 patients and 10 controls were included. Resistance asymmetry was on average 3-5
times higher in patients than controls. Receiver operating characteristic analysis demonstrated
91% accuracy of discriminating CD from normal. From pre-treatment to maximum BoNT effect,
asymmetry decreased from 20.8 (13.9-26.1)% to 6.2 (3.1-9.9)% (SCM), and from
16.0(14.3-16.0)% to 8.4(7.0-9.2)% (PS), p<0.05 (median, interquartile range).

Conclusions—EIM effectively differentiates normal subjects from CD patients by revealing
asymmetries in resistance values and detects improvement in muscle symmetry after treatment.

Significance—These results suggest that EIM, a painless, non-invasive measure, can provide a
useful quantitative metric in CD evaluation and deserves further study.
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Introduction
Cervical dystonia (CD) is the most common focal dystonia (Stacy, 2008). Prevalence
estimates vary from 5.7/100000 (ESDE Collaborative, 2000) to 0.4% of the population
(Jankovic et al., 2007). Widespread abnormal excitability in the brainstem, basal ganglia and
cortical circuits is associated with CD (Tolosa and Marti, 2004; Singer and Velickovic,
2008). At muscular level, the end result is abnormal activation, with prominent EMG bursts
and co-contraction of agonist and antagonist (Deuschl et al., 1992). This abnormal activation
is almost always asymmetric side-to-side, resulting in prominent asymmetric head/neck/
shoulder position and muscle hypertrophy. Muscle activation on EMG can be used to guide
botulinum neurotoxin (BoNT) injections and to identify the most affected muscles, but not
routinely for quantifying dystonia or its response to treatment.

The most effective therapy for CD remains BoNT injections (Simpson et al., 2008). Deep
Brain Stimulation (DBS) therapy is another valid option for intractable CD, with less
predictable effects (Ostrem and Starr, 2008; Pretto et al., 2008). Since effective therapies are
available, objective measures are very important but generally lacking for CD monitoring
and could play a role in more effectively tailoring therapy in a given patient or in clinical
trials. To date, dystonia evaluation has been performed semi-quantitatively on a clinical
basis, using rating scales. The Burke-Fahn-Marsden (BFM) scale (Burke et al., 1985) has
been utilized in clinical and research contexts since the 1980s, and the Toronto Western
Spasmodic Torticollis Rating Scale (TWSTRS) (Consky et al., 1990; Comella et al., 1997) is
designed specifically for CD.

Electrical impedance myography (EIM) is a relatively new, non-invasive technology that to
date is primarily being studied in the evaluation of neuromuscular diseases, including
myositis and amyotrophic lateral sclerosis (Tarulli et al., 2005; Rutkove, 2005; Rutkove et
al., 2007). It is based on the application of low-intensity, high-frequency electrical current to
localized areas of muscle using surface electrodes and measuring the resulting electrical
voltages from which an impedance can be calculated (Rutkove et al., 2002). The two
components of impedance are the resistance (R) and reactance (X). R is inversely
proportional to the cross-sectional area of the conductor (the muscle), so it is expected to be
sensitive to changes in the muscle volume as a result of hypertrophy and atrophy, but also to
muscle composition (e.g., it will be influenced by the size of individual muscle fibers, the
amount of free water, and the presence of connective tissue). X is inversely proportional to
capacitance, but has a considerably more complex response to the status of the muscle, also
being impacted by size and composition of the tissue. A third parameter can be calculated
from the R and X values, the phase angle (θ), using the formula θ = arctan (X/R), which has
been used as the major outcome measure to date in neuromuscular disease work (Rutkove,
2009; Rutkove et al., 2002; Tarulli et al., 2009B).

In this study we preliminarily evaluate the use of EIM in the quantification of muscle
hypertrophy due to CD (and by extension illustrating the severity of CD) and its potential as
an outcome measure with therapy. We do this by investigating the technique's ability to
differentiate between subjects with and without CD and by assessing its ability to detect the
effect of BoNT in a subgroup of patients with CD. Since asymmetric muscle hypertrophy is
a major feature of CD and since electrical resistance is the value most closely related to
muscle size, we hypothesized that patients with CD would demonstrate substantial
differences in the symmetry of the electrical resistance of muscles compared to normal
subjects and that this asymmetry would decrease after BoNT.
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Methods
1. Study subjects: Patients were recruited from the therapeutic injections clinic in our

Movement Disorders center on a consecutive basis. All patients had a diagnosis of
CD made by a neurologist specializing in movement disorders; no specific attempt
was made to include any one particular type (e.g., rotational, laterocollis, etc). In
addition, 10 normal subjects without history of cervical dystonia or other
movement disorders were also recruited. The study was approved by the Beth Israel
Deaconess Medical Center Institutional Review Board and all subjects provided
written informed consent.

2. EIM: Measurements were performed with either a commercially available Imp
SFB7® (Impedimed, Inc, San Diego, CA) or a wide range lock-in amplifier (Signal
Recovery Model 7280, Advanced Measurement Technology Inc., Oak Ridge, TN,
USA) as previously described (Esper et al., 2006; Shiffman et al., 1999). The signal
from the voltage electrode pair is fed into the input channel, and digital outputs
representing R and X are transmitted to the analysis stage. We used disposable 5.5-
mm wide × 9 cm long Ag/AgCl strip electrodes (Viasys Healthcare, Madison, WI
019-766400) cut to 2.25 cm in length as both current-injecting and voltage-sensing
electrodes. For each muscle the electrodes were placed linearly, with the two
current injecting electrodes outside and the two voltage sensing electrodes inside.
Two muscle groups were studied: sternocleidomastoid (SCM) and the longitudinal
paraspinal muscle group (PS), which includes semispinalis and the upper portion of
trapezius. Specific locations for the placement of the electrodes were established
based on the relation to bony landmarks. For SCM, the lowest electrode was placed
2 cm above the clavicle and the other 3 at 2 cm intervals above (see Figure 1). For
PS, the lowest electrode was 2 cm lateral and 1 cm above the C7 spinous process,
and the others above at 2 cm intervals. All recordings were performed with the
subject's head in consistent positions. For dystonia patients, this was the “neutral”,
most comfortable position that minimized the subjective strain. Both systems
provide raw resistance (R) and reactance (X) values, though for this study we only
used the measured muscle resistance. For both systems, although a spectrum of
frequencies was obtained, for purposes of simplifying the analysis, only the 50 kHz
data was used (Rutkove et al., 2006). The advantage of using this frequency is that
other relatively inexpensive impedance devices perform measurements only at this
one frequency and thus could also be utilized in future work.

3. BoNT injections: Six of the CD patients received BoNT injections using BoNT
type A (Botox ®, Onabotulinum toxin A, Allergan) or type B (Myobloc ®,
Rimabotulinum toxin B, Solstice) during the study. All patients had a perceived
duration of benefit of 3 months, receiving regularly scheduled injections. The
injections were performed based on anatomical markers and in accordance with
accepted standards of care. EIM was performed at or near the estimated nadir of
their symptoms a minimum of 3 months after the last BoNT injection and at the
point of maximum benefit from BoNT therapy approximately 4 weeks after
injection.

4. Data analysis: Percent side-to-side asymmetry was calculated for each muscle by
subtracting the smaller from the larger resistance values and dividing by the larger
of the values and multiplying by 100. Comparison of categorical values (i.e., sex
distribution between groups) was made using Fisher's exact test. Given the small
number of subjects in both groups, summary statistics and group comparisons were
performed using non-parametric tests (Mann-Whitney and Wilcoxon signed rank
test for unpaired and paired analyses, respectively), with alpha = 0.05, two-tailed.
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To assess the ability of side-to-side asymmetry to distinguish normal from CD
patients, a receiver operating characteristic (ROC) analysis was completed for each
muscle based on the calculated per cent side-to-side asymmetries (Zweig and
Campbell, 1993). To test a possible effect of gender on the results, we checked for
an interaction between disease group and gender. Univariate analyses using gender
and dystonic status as covariates were performed for each of the two tested muscle
groups. Data analysis was performed using SPSS ® software (SPSS, inc., Chicago,
IL).

Results
16 patients and 10 normal volunteer subjects were enrolled in the study. The median age and
interquartile range (IQR) for CD patients was 51.5 (48.1-57.9) years, and for the normal
volunteers 46.9 (42.3-52.7) years, a non-significant difference. 4 men and 12 women were
included in the CD group, and 7 men and 3 women were included in the normal control
group. This difference in sex distribution was significant (p = 0.042).

Table 1 provides median resistance data for bilateral SCM and for PS in each patient and the
percent asymmetry expressed as the median, IQR. As shown, there was no significant
difference between the raw R values for the CD patients and for healthy subjects. However,
marked differences in the percent asymmetries of R were observed, with values being nearly
3-fold greater in the SCM and more than 5-fold greater in the PS in the CD patients as
compared to the healthy subjects. Similarly, Figures 2a and b show receiver operating
characteristic (ROC) analyses for SCM and PS respectively, demonstrating the ability of the
resistance asymmetry alone to accurately discriminate CD patients from normal subjects,
with both muscles providing a very high sensitivity and specificity, with an overall accuracy
of approximately 91% (as calculated from the area under the ROC curve). No specific
attempt was made to identify an abnormal side in these calculations; this issue is explored
further in the discussion.

Although there were a greater proportion of women in the CD group than in the control
group, there was no significant difference between the sexes in the raw measured resistance
values or in the calculated percent asymmetries. Moreover, we performed a multivariate
analysis which confirmed a significant relationship between resistance asymmetry and
disease status (beta = 0.55, p = 0.006) but not between resistance asymmetry and gender
(beta = .204, p = 0.272). No interaction between disease group and gender was found (p =
0.86 for SCM and p = 0.57 for PS).

Of the six patients who underwent impedance measurements before and after BoNT
injection, baseline resistance asymmetry for SCM was 20.8 (13.9-26.1)% and for PS was
16.0(14.3-16.0)%. After treatment with BoNT, these asymmetries decreased in each patient,
changing to 6.2 (3.1- 9.9)% in SCM (p = 0.028) and 8.4(7.0-9.2)% in PS (p = 0.043). Figure
3 provides a graphical presentation of the effect of BoNT on the asymmetry of these
muscles.

Discussion
A clear need exists, in both the clinical and the research contexts, for a reliable objective
measure of severity and response to treatment of dystonia in general and of CD in particular.
While validated clinical scales are in use (Consky et al., 1990; Tarsy, 1997; Vercueil, 2003),
there is agreement within the Movement Disorders community that these subjective history-
and examination-based scales are at best imperfect tools, leading to attempts to develop
improved scales (Comella et al., 2003; Cano et al., 2006).
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Needle EMG can be employed for treatment guidance and attempts have been made to use it
for quantification of dystonia or for measuring response to treatment (Finsterer, 2001), but
these have not been widely accepted. Other neurophysiological methods are exceedingly
complex and can be employed in a research context (with unproved efficacy and reliability)
and are not suitable for routine clinical use (Tinazzi et al., 2009).

In this initial application of EIM to CD, we have shown that the electrical resistance of
muscle appears to effectively differentiate normal subjects from CD patients by revealing
marked asymmetries in the resistance values in the two muscles studied. Indeed, the ROC
analysis demonstrated that resistance values of either muscle alone could effectively
discriminate the CD patients from the normal subjects with greater than 90% accuracy. In
addition, as demonstrated in the pre- and post-BoNT therapy studies, the asymmetries in
resistance decreased in all subjects after treatment, supporting the concept that EIM can
detect the improvement in muscle symmetry as a consequence of BoNT therapy and
highlighting its potential use in therapy monitoring.

In pursuing this analysis, we specifically avoided identifying an affected and an unaffected
side since CD is a complex disorder which results in excessive activation not only of
unilateral or sometimes bilateral agonist muscles, but often also of the antagonist muscles
attempting to inhibit or correct the abnormal movement (Deuschl et al., 1992). Thus the
search for asymmetry in the overall values simplified the analysis considerably.

In most studies evaluating electrical impedance methods for the assessment of
neuromuscular disease, the data analysis has focused on the phase angle, a value obtained by
calculating the ratio of the measured reactance of the tissue to its resistance (Tarulli et al.,
2005; Rutkove et al., 2002; Rutkove et al., 2005; Tarulli et al., 2009A). An advantage of the
phase angle is that it is typically less affected by muscle size than the raw resistance values
(Rutkove, 2009). Indeed, of all three variables, the raw resistance values are likely to have
the greatest sensitivity to muscle size, and it is for this reason that we hypothesized that the
electrical resistance would provide the best measure of asymmetry. Preliminary analyses of
both phase and reactance failed to reveal consistent alterations and thus both measures were
omitted from this report. The reason for the expected reduction in resistance in dystonic/
hypertrophic muscle is simply that greater muscle size implies a lower resistance to
electrical current flow (analogous to a larger pipe allowing a greater flow of water) (Tarulli
et al., 2009A).

This study has two important limitations. First, in this most basic analysis, we have not
attempted a specific clinical correlate. For example, we have omitted the use of the
TWSTRS scale or any other standard approach for quantifying the degree of dystonia.
Similarly, we have not attempted to relate the abnormalities to hyperactivity of specific
individual muscles, and we did not analyze the size and degree of hypertrophy of the
muscles. Although these are obviously important issues, the main purpose of this study was
to determine whether we could detect a disease “signal” of any sort. Second, all of our CD
patients had received BoNT at some point prior to our initial measurements (both those who
received BoNT during this study and those who only had a one time measurement). One
advantage of looking at this specific population is that it is one in which EIM might most
likely be utilized. Still, it would have been preferable to study a group of untreated CD
patients before and then again after their first treatment with BoNT. With chronic BoNT
therapy, complex changes occur in the muscle, which can contribute to changes detectable
by EIM (Borodic and Ferrante, 1992; Matic et al., 2007; Schroeder et al., 2009). Future
studies in BoNT-naïve patients are therefore planned.
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A third more minor limitation is the disproportionate number of women in the CD group as
compared to the control group. Whereas this is not ideal, there is no reason to suspect that
gender should play a major role in CD; moreover, our post hoc analyses failed to show a
significant influence of gender on the raw resistance values or the percent asymmetries.

Another important consideration is the methodology we used to obtain the data. Both
impedance measuring systems used here are not specifically tailored for these kinds of
measurements. For example, the commercially available Imp SFB7® is specifically
designed for measuring whole body impedance for nutritional and lymphedema assessment.
The application of adhesive electrodes can also be slow and prone to error. However, work
is currently ongoing to develop a handheld system (Ogunnika et al., 2008) and an early
prototype is now being tested. It is therefore likely that our techniques will gradually
improve over time, allowing this approach to be applied more easily and accurately in a
busy clinical setting. Still, relatively inexpensive commercial 50 kHz bioimpedance devices
are available and could also be employed using an approach identical to the one described
here.

These early results provide initial evidence that electrical resistance values are sensitive to
the muscle asymmetries that occur in CD and offer the possibility of providing an innovative
metric for use in both the care of individual patients and clinical trials work. The method is
painless and well tolerated and lends itself well to potential standardization and automation.
Future studies will attempt to address more specifically the relationship between EIM
parameters and standard clinical measures.
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Figure 1. Measurement setup
Electrical impedance myography being performed on right sternocleidomastoid. The two
outer electrodes inject the electrical current; the two inner electrodes measure the resulting
voltages, from which the impedance values are calculated.
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Figure 2. ROC resistance plots
ROC plots of SCM resistance (A) and PS resistance (B). AUC, area under the curve or the
accuracy of the test in discriminating normal subjects from CD patients.
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Figure 3. Before and after BoNT asymmetry
Absolute asymmetries before and after BoNT treatment in six subjects.
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