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Abstract

Background: Although head tremor (HT) and pain are prevalent in cervical dystonia (CD), their 

joint relationship to phenotypic features of focal dystonia remains unclear.

Objectives: We examined how severity of HT and pain are associated with age of CD onset and 

duration, and whether HT subtypes (“jerky” or “regular”) exhibit distinct relationships between 

severity of HT and pain.

Methods: The severity of HT and pain were assessed with the Toronto Western Spasmodic 

Torticollis Rating Scale in retrospective review of 188 CD patients recruited through the Dystonia 

Coalition.

Results: HT severity was associated with longer CD duration (p < 0.0005), whereas pain severity 

was associated with younger age at onset (p = 0.043). HT severity and pain severity were not 

correlated for jerky HT (p = 0.996), but positively correlated for regular HT (p = 0.01).

Conclusions: The distinct associations of HT and pain with age at onset, disease duration, and 

HT subtype further characterize the heterogeneity of CD’s clinical presentation and suggest 

similarly heterogeneous underlying mechanisms.

Keywords

head tremor; pain; cervical dystonia; dystonic tremor

Introduction

Two common characteristics of cervical dystonia (CD) are head tremor (HT) and pain, 

affecting up to 60% [1–5] and 90% [1, 6–9] of patients, respectively. HT [1, 7, 8] and pain 

[1, 6–15] have a substantial impact on overall CD severity, disability, and quality of life. 

However, the clinical course of HT and pain severity and the relationship between them 

remain unclear.

Age at onset is a key clinical characteristic in patients with isolated dystonias; generalized 

dystonias often have childhood or adolescent onset whereas focal dystonias usually have 

adult onset [16]. There is emerging evidence from natural history studies that some features, 

including HT and pain, vary with disease duration [1, 4, 17–20]. However, those studies 

have shown relationships between age at onset and disease duration and the presence of HT 

and pain, not their severity. Furthermore, they did not control for severity of both HT and 

pain. In addition, although previous research found that pain is more prevalent in CD 
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patients with HT than without HT [2, 17], these prior studies did not take into account HT 

type. HT type can be characterized as either “jerky” or “regular” [21]. Jerky HT usually 

appears irregular, whereas regular HT appears sinusoidal [21]. Since the two HT types 

exhibit distinct kinematic properties [21], we hypothesized that they may differ in terms of 

their relationship with pain severity. More specifically, because of the biomechanical forces 

involved in the irregular muscle spasms associated with jerky HT, we hypothesized that pain 

severity would be positively correlated with HT severity for jerky but not regular HT 

patients.

The objectives of our study were twofold: first, to determine how the severity of HT and 

pain are related to age at onset and disease duration using analyses that account for both HT 

and pain; second, to determine the relationship between severity of pain and severity of HT 

subtypes.

Methods

We analyzed data on HT and pain collected from 208 patients with a clinical diagnosis of 

isolated cervical dystonia. Patients were enrolled across ten sites in a previous rating scale 

validation study of the Dystonia Coalition (https://clinicaltrials.gov/ct2/show/

NCT01373424). The protocols for this study were approved by the Human Research 

Protection Offices at the Washington University School of Medicine (WUSM), Rush 

University Medical Center (RUMC), and the University of California, San Diego (UCSD; 

protocol 111255X). All patients provided informed consent prior to participation.

Clinical assessments and video recordings used for analyses were taken during a standard 

examination protocol between March 2011 and January 2013. All patients were assessed 

three or more months after their last BoNT injections, when much of the effect has 

dissipated. Age at onset was reported by patients. Movement disorder neurologists evaluated 

each patient for their predominant type and severity of HT. HT type was designated as 

“regular” or “jerky (irregular)” (referred to herein simply as “jerky”, as originally described 

in [22, 23]. This dichotomous descriptor was based on the complete examination. HT was 

deemed “regular” if it appeared sinusoidal and “jerky” if it appeared irregular. Severity of 

HT and pain were rated using the revised Toronto Western Spasmodic Torticollis Rating 

Scale (TWSTRS-2, [12, 24]). HT severity, as with all of the other items on the TWSTRS-2 

Motor Severity scale, was rated on a range of 0–4, with 0 = absent, 1 = slight, 2 = mild, 3 = 

moderate, and 4 = severe. Pain Severity was assessed using the TWSTRS-2 Pain scale. Pain 

severity was based on neck pain due to CD during the preceding week on a scale of 0–10 

where 0 represents no pain and 10 represents the most excruciating pain imaginable. Patients 

were asked about the pain level at best, worst, and usual. Overall pain severity was 

computed from an average of these three values, with the “usual” pain severity being doubly 

weighted. Out of 208 patients, 20 patients were excluded due to missing data.

We used a multiple regression to evaluate the contribution of pain severity, age at onset, 

disease duration, and the interaction term between age at onset and disease duration to HT 

severity. We also used a multiple regression to evaluate the contribution of HT severity, age 

at onset, disease duration, and the interaction term between age at onset and disease duration 
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to pain severity. We used a nonparametric Wilcoxon test to compare HT types (“jerky” and 

“regular”) in terms of their pain and HT severity. Lastly, we used linear regressions to 

evaluate the relationship between HT severity and pain severity, separately for each HT type. 

All statistical analyses were performed with John’s Macintosh Project (JMP [25]) with an 

alpha level of 0.05.

Results

The 188 patients included in this study had a median age of 60 (range 29–83) years at time 

of examination and consisted of 141 females (75%). The total TWSTRS-2 score, combining 

motor, disability, and pain, averaged 33 (range 5–61.75). Of this group, 118 (63%) had HT 

and 148 (79%) had pain.

HT severity was negatively correlated with age at onset (r(188) = −0.190, p = 0.009) (Fig. 

1A), and positively correlated with disease duration (r(188) = 0.347, p < 0.0001) (Fig. 1B). 

Pain severity was negatively correlated with age at onset (r(188) = −0.188, p = 0.010) (Fig. 

1C), but not correlated with disease duration (r(188) = 0.025, p = 0.735) (Fig. 1D).

In a multiple regression, pain severity, age at onset, disease duration, and the interaction 

term of age at onset and disease duration were used to predict the severity of HT (F(4,187) = 

6.64, p < 0.0001, R2
adjusted = 0.11). Of those predictors, only disease duration was a 

significant predictor of HT severity (B = 0.044, t = 4.12, p < 0.0001). Similarly, HT severity, 

age at onset, disease duration, and the interaction term of age at onset and disease duration 

were used in a multiple regression to predict pain severity (F(4,187) = 2.52, p = 0.043, 

R2
adjusted = 0.03). Only age at onset was a significant predictor of pain severity (B = −0.06, t 

= −3.11, p = 0.002).

Of 118 CD patients, the HT type was characterized as “regular” for 33 (28%) and as “jerky” 

for 85 (72%). The regular and jerky HT patients did not differ in terms of HT severity 

(means of 2.09 and 1.88, respectively, Z = 1.236, p = 0.215) or in terms of pain severity 

(means of 3.31 and 3.26, respectively; Z = 0.102, p = 0.919).

For patients with regular HT, pain severity was positively correlated with tremor severity 

(r(33) = 0.441, p = 0.010) (Fig. 2A). For patients with jerky HT, pain severity was not 

correlated with tremor severity (r(85) = −0.001, p = 0.996) (Fig. 2B). The correlations were 

significantly different between the two groups (2-sided Fisher’s z = 2.224, p = 0.026; Zou’s 

confidence interval = 0.0526 – 0.7631) [26].

Discussion

We found that HT severity was positively associated with CD duration but not with age at 

onset, whereas pain severity was inversely associated with age at onset but not disease 

duration. Thus, in models that account for both HT and pain, our analyses revealed a double 

dissociation between HT and pain in terms of how they vary with age at onset and disease 

duration. This dissociation suggests that the two relationships are independent of each other. 

Although in most cross-sectional studies, including ours, a younger age at onset is associated 

with a longer disease duration, our models implicitly account for this relationship by 
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explicitly incorporating a term for the interaction of age at onset and disease duration. The 

effect sizes are modest, explaining a small percentage of the overall variance, especially for 

pain. Nevertheless, our sample size was sufficiently large to detect these statistically 

significant effects. Other factors likely contribute to the effects, such as variable intervals 

since last injection, comorbid anxiety and depression, and pain medication status. While it is 

commonly assumed that neck pain in patients with CD is secondary to motor features, it 

could also arise from sensory dysfunction, which is increasingly recognized in dystonia [27]. 

CD patients in particular exhibit altered descending pain control [28]. In addition, CD 

patients reporting pain are more likely to have an effective sensory trick than those who do 

not [19, 20]. To at least some degree independent of pain sensitivity, patients who are 

depressed or anxious are known to score higher on pain ratings [29]. Although numerous 

motor and non-motor aspects of CD outside the purview of this study likely contribute to 

patient reports of pain, our results suggest HT severity should be included in future studies.

Counter to our hypothesis, we found that pain severity was positively correlated with HT 

severity only for patients with regular HT, whereas no such association was present for 

patients with jerky HT. This difference in associations is present despite distributions of HT 

severity and pain severity that are nearly identical between the two HT types. Our results, at 

least for the “regular” HT patients, are consistent with Chan et al. [1], who found that pain in 

CD is strongly associated with the presence of spasms (“jerky movements or forced transient 

spasms of the head”) and the persistence and severity of head turning. However, their 

descriptions do not clearly map to current concepts of “jerky” vs. “regular” HT. Our study 

also builds upon a more recent report using the Italian Dystonia Registry [19] that found no 

relationship between the presence of HT and the reported presence of pain but did not 

investigate the relationship between the two phenomena in terms of severity and did not 

distinguish between HT subtypes. The reasons for the marked difference between the two 

groups are unclear. Perhaps pain severity depends on the proportion of time patients exert 

effort to compensate for and control HT. Is the tremor present all day long or only for brief 

periods? How does it depend on moment-to-moment position? How frequently do patients 

assume these positions in their daily living? Our results suggest that patients with regular HT 

exhibit a broader spectrum of proportion of time HT is present than patients with jerky HT. 

On the other hand, perhaps the two subtypes of HT reflect differential involvement of the 

cerebellum. CD patients with HT (but not patients without HT) exhibit pathological eyeblink 

classical conditioning [30], proprioceptive acuity [31], and motor perception [32], all 

consistent with a cerebellar role in HT [33]. To address these questions, it would be valuable 

to have more objective measures of HT. Ultimately digital technologies including video-

based head pose estimation will enable HT type and severity measures that are not only truly 

objective but also convenient for more frequent or even continuous use in patients’ daily 

lives.

This study has limitations. First, age at onset and therefore calculated disease duration are 

based on self-report and are therefore susceptible to recall bias. CD patients may be more 

likely to report age at onset earlier if HT is their initially presenting symptom, because HT 

may be more visible than mild postural abnormalities. Conversely, age at onset may be 

reported later if it is associated with a delayed diagnosis, which is more common in CD with 

HT as an initial symptom. Second, quantifying HT severity is difficult. Traditional clinical 
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rating scales such as the TWSTRS-2 are based on human judgement and are therefore 

inherently subjective. This always raises concerns about the validity of the measure. The HT 

item in the TWSTRS-2 does not correlate with total motor severity [12]. However it does 

exhibit excellent inter- and intra-rater reliability (ICCs = 0.77 and 0.89, respectively; [34]). 

Thus although HT may be a phenomenon that is relatively distinct from other aspects of CD, 

the assessment of its severity with the TWSTRS-2 is reliable. Third, inter-rater agreement 

for distinguishing “regular” and “jerky” types of HT has not yet been assessed and may be 

poor. Characterization of HT remains a matter of debate among movement disorders 

neurologists. It may be an over-simplification to have the type of HT dichotomized into 

“regular” and “jerky”, as it is certainly possible that individual patients may have features of 

both, e.g. some patients might have jerks superimposed on top of more regular tremor or 

transient jerkiness might appear when the patients attempt to actively counter pulling 

muscles setting tonic abnormal posture. This is but one reason why HT subtyping is an 

active area of research [21]. In our study, the raters making these assessments were not given 

detailed operational guidelines by which to make this dichotomous determination. Instead, 

they were asked to simply provide a gross assessment based on their judgement as 

movement disorders neurologists with extensive experience in dystonia. Fourth, pain is 

difficult to quantify from patient report and likely reflects a multi-factorial symptom. 

Although we found statistically significant effects for the demographic and HT contributions 

to pain severity, our findings should be viewed as having limited clinical significance 

because other factors outside the scope of this study must play a substantial role. Finally, our 

cohort of CD patients may be more severe and have longer disease duration than the broader 

population of CD because all recruiting was through tertiary academic care centers.

In summary, we found that patients with longer disease duration are more likely to have 

more severe HT and that patients with earlier age at onset are more likely to have more 

severe pain. This suggests that they may arise from at least partially independent 

mechanisms. Our findings of relationships between HT severity and pain severity that differ 

depending on the type of HT also contribute to the growing body of evidence for distinct CD 

subtypes based on their HT phenomenology. Future studies trying to clarify the complex 

relationship between CD and tremor should go beyond somatotopic distribution of 

symptoms [35] to incorporate the clinical course and subtype of HT.
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Figure 1. 
HT severity and pain severity as a function of CD age at onset and duration (marginal 

distributions labeled with mean (SD); shaded areas are 95% confidence intervals).
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Figure 2. 
Pain severity as a function of HT severity for regular (A) and jerky (B) tremor types 

(marginal distributions labeled with mean (SD), N = 33 for Regular and N = 85 for Jerky, 

shaded areas are 95% confidence intervals).
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