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Introduction: A common view is that head tremor (HT) in cervical dystonia (CD) decreases
when the head assumes an unopposed dystonic posture and increases when the head is
held at midline. However, this has not been examined with objective measures in a large,
multicenter cohort.

Methods: For 80 participants with CD and HT, we analyzed videos from examination
segments in which participants were instructed to 1) let their head drift to its most
comfortable position (null point) and then 2) hold their head straight at midline. We
used our previously developed Computational Motor Objective Rater (CMOR) to
quantify changes in severity, amplitude, and frequency between the two postures.

Results: Although up to 9% of participants had exacerbated HT in midline, across the
whole cohort, paired t-tests reveal no significant changes in overall severity (t = −0.23, p =
0.81), amplitude (t = −0.80, p = 0.43), and frequency (t = 1.48, p = 0.14) between the two
postures.

Conclusion: When instructed to first let their head drift to its null point and then to hold
their head straight at midline, most patient’s changes in HT were below the thresholds one
would expect from the sensitivity of clinical rating scales. Counter to common clinical
impression, CMOR objectively showed that HT does not consistently increase at midline
posture in comparison to the null posture.
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INTRODUCTION

Head tremor (HT) commonly accompanies cervical dystonia
(CD). Clinical impression suggests that HT is minimized when
the head is at its “null” posture (1) and exacerbated when against
the null posture. Because HT may be posture-dependent and
quantified outcome measures are required for clinical trials for
new HT treatments, it is important to quantify how HT differs
between these postures. However, the dystonia rating scales that
assess HT severity (2, 3) do not specify how the patient should
hold their head while HT is assessed. The revised Toronto
Western Spasmodic Torticollis Rating Scale (TWSTRS-2)
implies at least two head postures for dystonia assessment: 1)
the head is allowed to assume its unopposed null posture, and 2)
the head is held straight within 10 degrees of the midline.
Kinematic measures suggest that HT changes when patients
hold their head in different orientations (4). However, this has
not been examined in a large, multicenter cohort.

Computer vision methods have shown to be consistent with
clinical scores and comparable to other objective methods in
quantifying tremor (5,6). In this study, we used our computer
vision system, Computational Motor Objective Rater (CMOR), to
quantify how HT severity, power, and frequency change when
participants are instructed to hold their head at midline in
contrast to the unopposed posture.

METHODS

We analyzed clinical data and examination videos from
206 participants enrolled across 10 sites by the Dystonia
Coalition (7). All participants were assessed three or more
months after their last botulinum toxin injections and
provided informed consent before participation, in accordance
with the Declaration of Helsinki. Protocols for this study were
approved by the Human Research Protection Offices at
Washington University School of Medicine, Rush University
Medical Center, and University of California, San Diego
(protocol 111255X).

One movement disorders neurologist at each site evaluated
HT in each of their participants according to the TWSTRS-2 HT
item (3). Because of the TWSTRS’ 0–4 scaling and inherent inter-
rater variability, we also had a single movement disorders
neurologist (CLC) assess all videos for HT severity using
ordinal head tremor scores (HTS) from 0–10 (8). Participants
were retained if both raters agreed on presence of HT, which may
include jerky head movements, sinusoidal head movements, and
any combination of jerky and sinusoidal head movements.

HT was assessed in two head postures. First, participants were
instructed to close their eyes and let their head drift to its most
comfortable posture for 10 s. This posture is often a null point for
dystonia and is hereafter referred to as “null posture.” Second,
participants were instructed to hold their head straight at midline
for up to 1 min.

Video annotation, quality control review, participant
exclusions, and spectral processing were performed as
described in our previous study (6). We used our computer

vision system, Computational Motor Objective Rater (CMOR)
to estimate head pose from each frame in each of the three
conventional axes (antero/retrocollis, laterocollis, and torticollis)
(6). We used Matlab’s pwelch function to compute log10 peak
spectral power (“amplitude,” deg2/Hz) and peak frequency (Hz).

To determine whether there were changes between the null and
midline postures, we utilized paired t-tests to compare them in terms
of CMOR severity, amplitude, and frequency. To contextualize these
changes with the sensitivity of clinical severity assessments, we
compared each participant’s CMOR measure of change to the
level of change that corresponds to a one-point change (OPC) in
HTS and TWSTRS-2 HT. The OPC was computed from linear
regression equations from our previous study (Eqs 1, 2) (6). OPCs
were simply the inverse of the respective variable’s coefficient. The
OPC in HTS is 0.61 deg2/Hz for amplitude and 3.23 Hz for peak
frequency. The OPC in TWSTRS-2 is 1.52 deg2/Hz for amplitude
and 8.07 Hz for peak frequency.

SH = CMOR’s severity estimate of HTS
ST = CMOR’s severity estimate of TWSTRS-2 HT
A = Amplitude
F = Peak frequency

SH � 5.29 + (1.64 × A) + (0.31 × F) (1)
ST � 0.4 × SH (2)

To determine whether there was a significant proportion of
participants with an absolute magnitude of change greater than
OPC thresholds, we used a Chi-square test. Of those with absolute
changes greater than the OPC, we evaluated whether there was a
tendency across participants to increase or decrease with two-
sided Chi-square tests.

We additionally calculated a conservatively high estimate of
the minimal detectable change (MDC) by multiplying 1.96 by the
standard deviation of the differences between the two postures for
CMOR severity scores, amplitude, and frequency (Eq. 3).

SDd = standard deviation of the differences between two
postures

MDC � 1.96 × SDd (3)

RESULTS

Of 206 participants, 93 had HT according to both raters.
Twelve were excluded because video recording standards
were not met, and one because their segment duration was

TABLE 1 | Demographics on the body distribution of dystonia (N = 80).

Type of dystonia n

Focal 62
Generalized 2
Multifocal 2
Segmental 14
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less than 5 s. The 80 participants included in this study had a
median age of 62 (range 34–80) years, and 64 (80%) were
women. The total TWSTRS-2 total motor severity score
averaged 17.5 (range 4–29). The body distribution of
dystonia is shown in Table 1, and details regarding
subtypes are shown in Table 2.

The distributions of the changes in overall HT severity,
amplitude, and frequency are provided in Figure 1. One
participant had identical peak frequency for both null and
midline postures. Paired t-tests revealed no difference in

severity (t = −0.23, p = 0.81), amplitude (t = −0.80, p =
0.43), and frequency (t = 1.48, p = 0.14) between the two
postures.

Of the 80 participants, the number exhibiting absolute changes
greater than the OPC in TWSTRS-2 was: 1 for severity, 1 for
amplitude, and 0 for frequency. Chi-square tests revealed no
changes in severity (χ2 = 2.37, p = 0.12), and amplitude (χ2 = 2.37,
p = 0.12). The number exhibiting absolute changes greater than
the OPC in HTS were: 22 for severity, 20 for amplitude, and 3 for
frequency. Chi-square tests showed that across the cohort, a
significant proportion of participants had absolute changes
greater than the OPC in HTS for severity (χ2 = 85.26, p <
0.0001) and amplitude (χ2 = 67.37, p < 0.0001) but not for
frequency (χ2 = 0.26, p = 0.6080). Of the participants with
absolute changes greater than the OPC, 10 participants
increased and 12 decreased in severity, 7 increased and
13 decreased in amplitude, and 2 increased and 1 decreased in
frequency. For all but one participant (bottom right quadrant,
Figure 2), either amplitude or frequency changed but not both
(Figure 2). Two-sided Chi-square tests showed that participants
with absolute changes greater than the OPC had no tendency to
increase or decrease in severity (χ2 = 1.82, p = 0.67), amplitude
(χ2 = 1.80, p = 0.18), and frequency (χ2 = 0.33, p = 0.56).

The MDC was estimated to be 1.12 for overall HT severity,
0.72 for amplitude, and 1.71 Hz for frequency. An overwhelming
majority had absolute changes less than the MDC. For amplitude,

TABLE 2 | Axial involvement distribution for participants with HT (N = 80).

Antero/retrocollis Laterocollis Torticollis n %

— — — 1 1.3
— — Yes 4 5.0
— Yes — 4 5.0
— Yes Yes 17 21.3
Retro — — 1 1.3
Retro — Yes 3 3.8
Retro Yes — 0 0.0
Retro Yes Yes 27 33.8
Antero — — 0 0.0
Antero — Yes 2 2.5
Antero Yes — 0 0.0
Antero Yes Yes 20 25.0
Antero, Retro Yes Yes 1 1.3

FIGURE 1 | Changes in HT as patients go from the null posture to holding their head straight at midline (N = 80). Rows correspond to: [upper, (A–C)] parallel plots
showing magnitudes in null and midline postures for every participant, and [lower, (D–F)] distributions of changes in magnitude [vertical lines represent no change (solid),
and thresholds for one-point change in HTS (dashed) and TWSTRS-2 HT (dotted)]. Columns correspond to CMORmeasures of: (A,D) overall HT severity, (B,E) log peak
power (“amplitude”) and (C,F) frequency. (F) One participant had identical peak frequency between the null and midline postures and was excluded from the plot.

Dystonia | Powered by Frontiers September 2022 | Volume 1 | Article 106843

Vu et al. HT at Null and Midline



16 (20%) participants displayed changes greater than the MDC;
7 increased and 9 decreased at midline. For frequency, 10 (12.5%)
participants displayed changes greater than the MDC; 7 increased
(from 1–3 Hz to 3–6 Hz) and 3 decreased (from 3–6 Hz to
1–3 Hz) at midline.

DISCUSSION

We used our computer vision system, CMOR, to quantify HT
changes in severity, amplitude, and frequency from videos
recorded when participants are instructed to let their head drift
to its null posture and then hold their head straight at midline.
For most participants, this change in posture did not
predictably affect HT in CD. This contrasts with the
common clinical impression that the null posture minimizes
HT and a posture against the null exacerbates HT. There are
multiple potential reasons for this discrepancy. First, the
impression may have arisen because human observers are
biased to recall patients (9) whose HT is alleviated in the
null position. Second, the common impression may be the
result of preferential ascertainment of severe cases (10).
Relatedly, it could be biased by a slightly different
examination protocol in which participants go beyond
midline to a posture fully opposite their null posture. This
would be expected to induce greater change in HT than the
midline posture. The midline posture is in the same direction,
but not of the same magnitude, as the posture fully opposite
the null. Third, in our procedure, we use the power at the peak
frequency, commonly used for quantifying tremor (11,12).
Human perception may integrate information across a
broader range of frequencies.

We related our objective CMOR measures of change to: 1)
one-point changes (OPC) anchored by the TWSTRS-2 and

HTS clinical assessments, and 2) minimal detectable changes
(MDC). Relative to an OPC in TWSTRS-2, no participants
exhibited changes in either severity, amplitude, or frequency.
Relative to an OPC in HT severity score (HTS),
approximately 25% of participants exhibited changes
greater than the OPC in severity and amplitude, but not
frequency. This is consistent with studies that found an
effect of head posture on amplitude (4,13), but not in
frequency (4). Of those who displayed changes greater than
the OPC in HTS, some participants’ severity, amplitude, or
frequency increased while other participants decreased. This
suggests there may be three possible subtypes of CD HT: 1)
worse in null, 2) worse in midline, and 3) similar in both.
Although one study found no changes in peak frequency
using the more sensitive search coil method, there was a
focus on sinusoidal HT (4). Meanwhile, frequency changes
were found for non-sinusoidal HT (13). Thus, based on our
results, non-sinusoidal HT may exhibit posture-dependent
changes in peak frequency that could be detected in both
video- and search coil-based measures.

It could also be argued that a one-point change in the HTS
scale (0–10) is below the resolution of human perception. In
previous tremor studies, the minimum change perceptible was
estimated to be 1 point on a 5-point scale for HT (14) and 2 points
on a 10-point scale for hand tremor (15,16). If those thresholds
were applied to participants in our study, the changes in HT that
we measured between the two postures would not be clinically
perceptible.

Relative to estimatedMDCs, most participants had no changes
in amplitude and frequency when going from null to midline. Of
the 20% with HT amplitude changes greater than the MDC, more
participants exhibited decreases than increases. Conversely, of the
12.5% of participants with HT frequency changes greater than
our MDC, more participants exhibited increases than decreases.
These instances of large frequency change may result from
qualitative changes in head movement from HT to low-
frequency dystonic movement and vice versa. Our results
based on MDC and OPC are consistent, and support the
conclusion that most participants in our cohort did not
exhibit changes in HT.

This study has a few limitations. First, the video segments
utilized may not fully capture the variability of HT. The video
segment when participants were instructed to hold their head
straight at midline is against, though not fully opposite to, the
dystonic posture. In our study, we do not have video data to
determine the effect that a posture fully opposite to the null
posture would have on HT. Additional sampling across more
video segments may better capture the full variability of HT.
Second, peak frequencies close to 1 Hz may reflect an artifact of
the lower cutoff frequency and large amplitude, irregular
movements that may or may not be labelled as HT by clinical
observation. Although by prior convention (17) we used a lower
cutoff frequency of 1 Hz, future studies should consider using a
lower cutoff frequency to detect slower components of head
movements that some may label as tremor. Third, although
the HTS is more granular, in contrast to the TWSTRS-2, it
has not been validated.

FIGURE 2 | Log peak power and frequency changes from Drift to
Straight (N = 80). Horizontal and vertical dashed lines represent changes in
CMOR metric that corresponds to a one-point change in HTS severity rating.
Horizontal and vertical solid lines represent no change in log peak power
and frequency, respectively.
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Although clinicians recognize that HT may vary on a
moment-to-moment basis depending on the posture of the
head, objective measures across a large cohort suggest HT is
not exacerbated at midline.
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