When movement disorders hurt: Addressing pain in hyperkinetic disorders
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Abstract
Pain is an important nonmotor symptom in movement disorders. Dystonia is a hyperkinetic movement disorder characterized by involuntary, sustained or intermittent muscle contractions causing abnormal movements,
postures or both. Contrary to common views the nonmotor symptoms are present in dystonia patients. Pain is a prevailing feature of cervical dystonia (CD), the most common form of focal dystonia. The mechanism of pain in
CD remains mostly unknown, but there are growing evidence that it could not be only the consequence of muscle hyperactivity. We have shown that botulinum toxin (BoNT) produced pain relief before muscle relaxation and
that effect on pain relief lasted longer than the effect on motor improvement. More and more data suggest that pain relief could be attributed to the direct effect of BoNT type A on central nervous system. Pain, depression,
and anxiety have been shown to be significant determinants of QoL in focal dystonia patients. Routine clinical examination in patients with dystonia should include evaluation of motor as well as non-motor symptoms.
Selective rating assessment should be used in clinical practice to quantify pain. Specific assessment of pain is important to determine the effect of BoNT as the most effective treatment in focal dystonia.
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1 Introduction
For a long time the most common accepted criteria for the diagnosis of movement disorders were associated with motor symptoms only. The best example is Parkinson's disease (PD). However, already James Parkinson noted
that in addition to dominant motor signs, the presence of other symptoms, such as sleep disorder, pain, and gastrointestinal dysfunction [1,2] is important as well. In spite of such non-motor (NMS) symptoms, signs such as tremor,
slowness of movement, and gate disturbances, have dictated clinical management and research in PD. In the last few decades, we have become more aware not only of the frequency of NMS in PD but of the great impact of such
symptoms on patient disability and quality of life (QoL) [3]. The most common NMS in the early stage of the disease are hyposmia, pain and sleep disturbances [4]. Pain, depression and anxiety are clearly associated with worsening of
QoL [4,5]. Pain in PD patients can precede motor symptoms by several years [6,7]. Pain was the third most common NMS in our preliminary research of de-novo untreated PD patients (Fig. 1.) Classification of pain related to PD
includes different categories such as musculoskeletal, dystonic, neuropathic/radicular, central or primary pain and akathisia [8]. Contrary to PD, pain in dystonia was considered to be a consequence of muscle hyperactivity and/or
contraction. Dystonia, as a third most common movement disorder, is typically defined as a hyperkinetic syndrome of sustained or intermittent muscle contractions causing abnormal, often repetitive, movements, postures, or both
[9,10]. Dystonic movements are typically patterned, twisting, worsened by voluntary action, and may be tremulous. However, growing evidence indicates an important non-motor spectrum of symptoms in patients with dystonia
including neuropsychiatric, cognitive, and sleep problems, as well as abnormalities in sensory function [11]. In addition, mild sensory symptoms such as discomfort in the neck before occurrence of motor signs in cervical dystonia (CD),
and irritation or dry eyes prior to the development of blepharospasm have been reported.

Fig. 1 Prevalence of nonmotor symptoms in 56 drug naive PD patients.
Data represent percentage (%) of total number of patients (n = 56).
*Anamnestic data without quantitative testing.
alt-text: Fig. 1

2 Pain in cervical dystonia
Pain is a prevailing feature of CD, the most common form of focal dystonia [12,13]. Pain, depression, and anxiety have been shown to be significant determinants of QoL in patients with focal dystonia. Preliminary results of our
ongoing study investigating prevalence of NMS in CD patients are summarized in Table 1. Previously untreated CD patients (n = 36) had significantly higher score on Bodily Pain domain of the SF-36, as well as higher incidence of
depression (Beck Depression Inventory, 2nd edition - BDI-II) and anxiety (Beck Anxiety Inventory-BAI) compared to gender and age-matched asymptomatic control subjects. The high incidence of pain in CD contributes significantly to
the patients disability and low QoL. In some studies up to 90% of patients reported pain associated with CD [14]. A recent multicenter study showed that 88.9% of patients reported pain associated with CD, and 70.7% rated their pain
as moderate or severe [15]. According to some studies, pain is the main reason for patients to seek treatment for CD [16]. The role of pain in CD pathophysiology and severity is not well understood. Relationship between pain in CD
and disease severity is complex. Usually, it was thought that pain is a consequence of increased severity of dystonia and muscle spasm or hyperactivity. It may seem obvious that dystonic muscles would be painful, but not all the
patients with similar degrees of dystonia report equal amounts of pain. Although degree of head deviation and muscle tension may correlate with pain level, somewhat surprisingly, the objective severity of neurologic signs has not. One
potential reason that pain is so prevalent in dystonia is that the threshold for experiencing pain may be reduced [17]. Patients with dystonia may also have alterations in pain processing, even in body parts without dystonic
involvement.

Table 1 Demographic and baseline clinical characteristics of patients with cervical dystonia before treatment and control group.
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CD

Control group

p value

Number (Male/Female)

36 (16/20)

57 (24/33)

Mean age (SD)

46.8 (10.7)

46.3 (12.4)

>0.05

Age of onset (SD)

44.3 (10.8)

NA

NA

Disease duration (SD)

2.4 (1.9)

NA

NA

Education (SD)

13.4 (2.60)

13.7 (2.4)

>0.05

SF-36 - Bodily pain (SD)

53.9 (21.4)

78.7 (18.6)

<0.001

TWSTRS (SD)

31.3 (5.7)

NA

NA

TWSTRS - pain subscale (SD)

6.7 (3.9)

NA

NA

BAI (SD)

13.6 (6.7)

7.7 (5.1)

<0,001

BDI (SD)

12.6 (6.1)

6.2 (4.6)

<0.001

SD, standard deviation; SF-36, 36-Item Short Form Health Survey; TWSTRS, Toronto Western Spasmodic Torticollis Rating Scale; BDI, Beck Depression Inventory; BAI, Beck Anxiety Inventory; NA, not applicable.
Alterations in the somatosensory system have been documented in patients with focal or generalized dystonia. In addition to electrophysiological studies, neuroimaging studies support the hypothesis of reduced intracortical
inhibition not only to the motor cortical level but also somatosensory cortex [18]. In future, the pathophysiology of the non-motor symptoms in dystonia should be investigated in addition to motor symptoms. Clinical examination should
include motor as well as non-motor status in patients with dystonia.

3 Pain assessment in cervical dystonia
Several scales have been used to evaluate CD, incorporating both objective and subjective measures. The most widely used is the Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) [19] along with the Burke-FahnMarsden Dystonia Scale [20] and the Tsui Scale [21]. The TWSTRS (range 0–85 points) consists of three subscales: severity (range 0–35), disability (range 0–30) and pain (range 0–20). It is valid and sensitive to changes in CD [16]. The
Burke-Fahn-Marsden Dystonia Scale consists of two sub-scores (movement and disability). The Tsui Scale is composed of four sub-scores (movement, duration, shoulder elevation and tremor). Only the TWSTRS covers pain, and none
assesses QoL. The TWSTRS pain sub-scale consists of a severity score for the patient's usual, worst and best pain in the previous week, as well as a duration component and an assessment of the contribution of pain to disability [22].
Pain in patients with CD has mostly been evaluated using self-assessment analogue scales and the TWSTRS pain subscale [23,24].

4 Pain and botulinum toxin in the treatment of cervical dystonia
Therapeutic options for CD could be divided into botulinum toxin (BoNT), oral analgesic medication, functional neurosurgery (DBS) and physical therapy. There are limited data of oral medication in CD. Anticholinergics were
the most prescribed in clinical practice mainly before the introduction of BoNT. There are no specific controlled clinical trials of anticholinergics in CD. Only one small trial compared BoNT versus trihexyphenidyl in CD. Brans et al.
reported BoNT to be superior to trihexyphenidyl in pain relief [25].
BoNT is the treatment of choice for CD. Its efficacy and safety is well-established as an effective and first line treatment in CD according to several class I studies [26]. Currently, two serotypes are used (BoNT type A and BoNT
type B). Four brands of BoNT are approved for the treatment of CD. There is weak evidence suggesting significant difference in efficacy and safety between different brands. Systemic review of the current literature has supported the
usage of BoNT as the most effective treatment for reducing dystonic symptoms and pain in patients with CD [27]. However, for a long time pain assessment was not specifically targeted in clinical trials with BoNT. In addition, it was
widely accepted that pain in patients with focal dystonia is a consequence of sustained muscle contraction. Thus, it is considered that BoNT treatment attenuates pain by symptomatic muscle relaxation. Many randomized controlled
trials used the Tsui scale as outcome measure to evaluate BoNT efficiency [21], indicating a limitation because the pain item is not incorporated in this scale. But, as presented on Fig. 2, when using Visual Analogue Scale (VAS) we
found that in CD patients the effect of BoNT type A on pain relief was evident before muscle relaxation and motor improvement (TWSTRS motor score). Effect on pain also lasted longer than the effect on motor improvement. Our
results are in line with published studies where pain relief was assessed using an analogue scale [15,28]. They showed that pain relief was not associated with usual muscle relaxation dose of BoNT [28]. More and more data indicate
that mechanisms other than muscle weakening contribute to pain relief after BoNT injections. Today, there are no doubts that BoNT involves central effects, suggesting that pain relief could be attributed to the direct effect on central
nervous system [29]. In the motor system BoNT action was attributed to its well-known peripheral anticholinergic action in neuromuscular junctions. However, after peripheral injections in rodents the enzymatic activity of BoNT type A
was recently immunohistochemically detected in motor and sensory regions of brain stem and spinal cord [30]. In sensory regions, the function of BoNT activity is associated with its antinociceptive effects, while in motor regions we
are only aware of its presence. Physiological and/or behavioral effects of BoNT A in central motor system after peripheral injections are yet to be determined in future studies. In clinical practice, it is important to include motor and
nonmotor status examination, as well as QoL in dystonia patients to establish the selective and specific effects of different treatments.

Fig. 2 Clinical Effects of Botulinum Toxin Type A in Spasmodic Torticollis: TWSTRS and Pain Severity.
Data represent changes from baseline in percentage (%) in total TWSTRS* (Toronto Western Spasmodic Torticollis Rating Scale) score and pain score measured by Visual analogue scale (VAS**) before treatment with botulinum toxin type A and during
12 weeks follow up in 20 CD patients.
alt-text: Fig. 2

Documentation of author roles
M Relja, V Miletić (Drafting the manuscript).
M Relja (Critical revision of the manuscript for important intellectual content).
M Relja, V Miletić, (Acquisition of data).

Acknowledgements
Supported by Croatian National Science Foundation (no.IP-2014-09-4503; BrainTox.).

Conflicts of interest
None.

References
[1] J. Parkinson, An Essay on the Shaking Palsy, 1817, Sherwood Neely & Jones; London.
[2] S. Fahn, The medical treatment of Parkinson's disease from James Parkinson to george cotzias, Mov. Disord. 30, 2015, 4–8.
[3] B. Muller, J. Assmus, K. Herlofson, J.P. Larsen and O.B. Tysnes, Importance of motor vs non-motor symptoms for health-related quality of life in early Parkinson's disease, Park. Relat. Disord. 19, 2013, 1027–1032.
[4] F. Baig, M. Lawton, M. Rolinski, C. Ruffmann, K. Nithi, S.G. Evetts, H.R. Fernandes, Y. Ben-Shlomo and M.T. Hu, Delineating nonmotor symptoms in early Parkinson's disease and first-degree relatives, Mov. Disord. 30, 2015
1759–1766.

[5] P. Valkovic, M. Minar, H. Singliarova, J. Harsany, M. Hanakova, J. Martinkova and J. Benetin, Pain in Parkinson's disease: a cross-sectional study of its prevalence, types, and relationship to depression and quality of life,
PLoS One 10 (8), 2015, e0136541, https://doi.org/10.1371/journal.pone.0136541.

[6] C. Pont-Sunyer, A. Hotter, C. Gaig, K. Seppi, Y. Compta, R. Katzenschlager, N. Mas, D. Hofeneder, T. Brücke, A. Bayés, K. Wenzel, J. Infante, H. Zach, W. Pirker, I.J. Posada, R. Álvarez, L. Ispierto, O. De Fàbregues, A. Callén, A.
Palasí, M. Aguilar, M.J. Martí, F. Valldeoriola, M. Salamero, W. Poewe and E. Tolosa, The onset of nonmotor symptoms in Parkinson's disease (the ONSET PD study), Mov. Disord. 30, 2015, 229–237.

[7] P. Barone, A. Antonini, C. Colosimo, R. Marconi, L. Morgante, T.P. Avarello, E. Bottacchi, A. Cannas, G. Ceravolo, R. Ceravolo, G. Cicarelli, R.M. Gaglio, R.M. Giglia, F. Iemolo, M. Manfredi, G. Meco, A. Nicoletti, M. Pederzoli, A.

Petrone, A. Pisani, F.E. Pontieri, R. Quatrale, S. Ramat, R. Scala, G. Volpe, S. Zappulla, A.R. Bentivoglio, F. Stocchi, G. Trianni and P.D. Dotto, PRIAMO study group, the PRIAMO study: a multicenter assessment of non-

motor symptoms and their impact on quality of life in Parkinson's disease, Mov. Disord. 24, 2009, 1641–1649.

[8] B. Ford, Pain in Parkinson's disease, Clin. Neurosci. 5, 1998, 63–72.
[9] A. Albanese, K. Bhatia, S.B. Bressman, M.R. Delong, S. Fahn, V.S. Fung, M. Hallett, J. Jankovic, H.A. Jinnah, C. Klein, A.E. Lang, J.W. Mink and J.K. Teller, Phenomenology and classification of dystonia: a consensus uptade,
Mov. Disord. 15, 2013, 863–873.

[10] J. Phukan, A. Albanese, T. Gasser and T. Warner, Primary dystonia and dystonia-plus syndromes: clinical characteristics, diagnosis, and pathogenesis, Lancet Neurol. 10, 2011, 1074–1085.
[11] M. Stamelou, M.J. Edwards, M. Hallett and K.P. Bhatia, The non-motor syndrome of primary dystonia: clinical and pathophysiological implications, Brain 135, 2012, 1668–1681.
[12] G. Defazio, J. Jankovic, J.L. Giel and S. Papapetropoulos, Descriptive epidemiology of cervical dystonia, tremor other hyperkinet, Mov. (N Y) 3, 2013, https://doi.org/10.7916/D80C4TGJ, pii: tre-03-193-4374-2.
[13] J. Chan, M.F. Brin and S. Fahn, Idiopathic cervical dystonia: clinical characteristics, Mov. Disord. 6, 1991, 119–126.
[14] M. Brin, A. Brashear and J. Mordaunt, Effect of botulinum toxin type A (BoNT-A) therapy on pain frequency and intensity in patients with cervical dystonia, Cephalalgia 23, 2003, 743.
[15] P.D. Charles, C.H. Adler, M. Stacy, C. Comella, J. Jankovic, A. Manack Adams, M. Schwartz and M.F. Brin, Cervical dystonia and pain: characteristics and treatment patterns from CD PROBE (cervical dystonia patient
registry for observation of OnabotulinumtoxinA efficacy), J. Neurol. 261, 2014, 1309–1319.

[16] I. Novak, L. Campbell, M. Boyce and V.S. Fung, Cerebral Palsy Institute Botulinum toxin assessment, intervention and aftercare for cervical dystonia and other causes of hypertonia of the neck: international
consensus statement, Eur. J. Neurol. 17, 2010, 94–108.

[17] F. Lobbezoo, R. Tanguay, M.T. Thon and G.J. Lavigne, Pain perception in idiopathic cervical dystonia (spasmodic torticollis), Pain 67, 1996, 483–491.
[18] M. Hallett, Pathophysiology of dystonia, J. Neural. Trans. Suppl. 70, 2006, 485–488.
[19] C.L. Comella, G.T. Stebbins, C.G. Goetz, T.A. Chmura, S.B. Bressman and A.E. Lang, Teaching tape for the motor section of the Toronto western spasmodic torticollis scale, Mov. Disord. 12, 1997, 570–575.
[20] R.E. Burke, S. Fahn, C.D. Marsden, S.B. Bressman, C. Moskowitz and J. Friedman, Validity and reliability of a rating scale for the primary torsion dystonias, Neurology 35, 1985, 73–77.
[21] J.K. Tsui, A. Eisen, A.J. Stoessl, S. Calne and D.B. Calne, Double-blind study of botulinum toxin in spasmodic torticollis, Lancet 2, 1986, 245–247.
[22] W.H. Jost, H. Hefter, A. Stenner and G. Reichel, Rating scales for cervical dystonia: a critical evaluation of tools for outcome assessment of botulinum toxin therapy, J. Neural. Transm. 120, 2013, 487–496.
[23] D. Truong, D.D. Duane, J. Jankovic, C. Singer, L.C. Seeberger, C.L. Comella, M.F. Lew, R.L. Rodnitzky, F.O. Danisi, J.P. Sutton, P.D. Charles, R.A. Hauser and G.L. Sheean, Efficacy and safety of botulinum type A toxin (Dysport)
in cervical dystonia: results of the first US randomized, double-blind, placebo-controlled study, Mov. Disord. 20, 2005, 783–791.

[24] C.L. Comella, J. Jankovic, K.M. Shannon, J. Tsui, M. Swenson, S. Leurgans and W. Fan, Comparison of botulinum toxin serotypes A and B for the treatment of cervical dystonia, Neurology 65, 2005, 1423–1429.
[25] J.W. Brans, R. Lindeboom, J.W. Snoek, M.J. Zwarts, T.W. van Weerden, E.R. Brunt, J.J. van Hilten, W. van der Kamp, M.H. Prins and J.D. Speelman, Botulinum toxin versus trihexyphenidyl in cervical dystonia: a prospective,
randomized, double-blind controlled trial, Neurology 46, 1996, 1066–1072.

[26] D.M. Simpson, A. Blitzer, A. Brashear, C. Comella, R. Dubinsky, M. Hallett, J. Jankovic, B. Karp, C.L. Ludlow, J.M. Miyasaki, M. Naumann, Y. So, Therapeutics and Technology Assessment, Subcommittee of the American
academy of neurology. 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 70, 2008, 1699–1706.

[27] A. Albanese, G. Abbruzzese, D. Dressler, W. Duzynski, S. Khatkova, M.J. Marti, P. Mir, C. Montecucco, E. Moro, M. Pinter, M. Relja, E. Roze, I.M. Skogseid, S. Timerbaeva and C. Tzoulis, Practical guidance for CD management
involving treatment of botulinum toxin: a consensus statement, J. Neurol. 262, 2015, 2201–2213.

[28] J. Costa, C. Espirito-Santo, A. Borges, J.J. Ferreira, M. Coelho, P. Moore and C. Sampaio, Botulinum toxin type A therapy for cervical dystonia, Cochrane Database Syst. Rev. 1, 2005, CD003633.

[29] I. Matak and Z. Lacković, Botulinum toxin A, brain and pain, Prog. Neurobiol. 119–120, 2014, 39–59.
[30] I. Matak, Z. Lacković and M. Relja, Botulinum toxin type A in motor nervous system: unexplained observations and new challenges, J. Neural. Transm. 123, 2016, 1415–1421.

Highlights
• Non-motor symptoms are increasingly recognised in patients with dystonia.
• Pain is a prevailing non-motor feature in patients with CD and significant determinant of QoL.
• Clinical examination in patients with dystonia should include evaluation of motor as well as non-motor symptoms.
• Treatment with BoNT significantly reduces pain.
• Thera are growing evidence on central mechanism of BoNT induced pain relief.
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