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A B S T R A C T

Background: Physical therapy (PT) for cervical dystonia is not well studied, and the underlying physiological
effects are not known.
Methods: We enrolled 26 subjects comprising of 16 cervical dystonia and 10 healthy controls for normative
physiological data. We randomized cervical dystonia patients who reported suboptimal benefits on botulinum
toxin (BoNT) injections to BoNT alone (BoNT arm) or BoNT plus PT (PT-BoNT arm). PT-BoNT arm received
manual PT on the injection day followed by six weeks of home-exercise program. Home-exercise program
comprised of stretching, range-of-motion and isometric exercises. The primary outcome was change from
baseline in Toronto Western spasmodic torticollis rating scale (TWSTRS) that was recorded six weeks after
exercise program. TWSTRS was video evaluated by blinded raters. We probed sensorimotor plasticity with
transcranial magnetic stimulation (TMS) using a paired associative stimulation (PAS) paradigm.
Results: TWSTRS score improved (severity 31%, p= 0.002; pain 28%, p=0.01) and PAS plasticity decreased
(p=0.01) in PT-BoNT arm compared to BoNT arm. PAS values for PT-BoNT arm were found to approach values
of healthy control values. Change in PAS measure correlated significantly with TWSTRS change (severity,
r= 0.56, p= 0.04; pain, r= 0.61, p= 0.03. TWSTRS disability score only approached significance (p= 0.14)
when comparing the two treatment arms.
Conclusion: PT is a potential adjunct in patients with cervical dystonia who report suboptimal benefits with
BoNT therapy. PT related benefits in cervical dystonia are likely mediated through modulation of sensorimotor
plasticity.

1. Introduction

Cervical dystonia (CD), a focal form of dystonia is a frequent source
of disability [1], depression, and a diminished quality-of-life [2]. The
first line of treatment for CD is botulinum toxin (BoNT) injection
therapy administered approximately at every 12 weeks. The clinical
improvements from BoNT can often be suboptimal, and these im-
provements commonly wane by 8–10 weeks [3]. Thus, meaningful
adjunctive treatments are often warranted in these patients. There is
scant literature on the use of physical therapy (PT) in dystonia [4–6],
and there is no consistency in the dose, type, and duration of exercises.
None of these studies have examined the effects of PT in the CD po-
pulation who specifically show refractoriness or suboptimal response to
BoNT therapy. None of these studies have also examined physiological
changes underlying the PT related benefits.

We aimed to compare the clinical outcomes of BoNT versus BoNT
plus PT in a well-defined population of CD patients who reported
suboptimal response to BoNT therapy. Since multiple transcranial
magnetic stimulation (TMS) studies have shown enhanced sensorimotor
plasticity in dystonia, we employed this approach in both study arms to
probe the underlying physiological change and its relationship to
clinical improvement [7].

2. Methods

CD subjects receiving suboptimal benefits despite a regular schedule
of BoNT injections every 12 weeks participated. Diagnosis of CD was
established using standard criteria [8] and suboptimal benefits were
defined as less than 30% improvement in dystonia symptoms and/or
BoNT benefits lasting only 8–9 weeks out of 12 week cycle. Subjects
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with acute spondylitis, unhealed fractures, and joint or ligamentous
laxity were excluded. Participating subjects signed an IRB approved
consent form. We registered the study protocol at the clinicaltrials.gov
(NCT02177617). There were 22 subjects screened for the study, how-
ever, three declined to participate and three did not meet the inclusion
criteria (Supplemental flowchart). Participating subjects were rando-
mized to receive BoNT alone (BoNT arm) or BoNT plus PT (PT-BoNT
arm). We used a block randomization method with a block size of 4 for
assignment of patients to the two treatment arms. All injections were
performed by the same provider using EMG guidance (AWS). We in-
itiated the PT program on the day (baseline, Visit 1) patient presented
for botulinum toxin injections. Upon completion of the injection pro-
cedure, subjects underwent a manual 60-min session of deep massage,
myofascial elongation, and stretching of the cervical muscles that was
supervised by the same physical therapist (SK). Once this session was
completed, we provided training to subjects to perform a home exercise
program for six weeks. Our physical therapy department prepared a list,
an instructional DVD and a pictorial guide for the home exercises that
every participant in the PT-BoNT arm received. Exercises consisted of
stretching, active range-of-motion (ROM), and isometric exercises for
the neck muscles. Subjects were required to exercise 15min every day
for 5 days-a-week and instructed to maintain an exercise log at home.
Adherence to exercises was ensured through weekly telephone calls
and/or emails. Age and gender-matched healthy controls were enrolled
for normative physiological data.

The Toronto Western torticollis rating scale (TWSTRS) measures
consisting of physician-rated motor severity and patient-reported pain
and disability was employed at baseline (before injections, visit 1), after
completion of six week exercises, (about the time of peak dose effect of
BoNT, visit 2), and at the time of next injections (12 weeks, visit 3). The
TWSTRS motor severity was video-recorded for blinded rating by two
independent movement disorder neurologists. A visual analogue scale
(VAS) for pain consisting of a numerical 0–10 scale with 0 as no pain
and 10 as the worst pain and SF-36 scale for quality-of-life (QoL) was
applied at each visit. In addition, an inclinometer recommended by the
American Medical Association (for measurement of impairment related
to spinal movement) to record the ROM for the neck muscles was

applied.
TMS techniques were used at each visit to record the underlying

physiology. For the TMS test, subjects were seated comfortably with the
forearms resting in a semi-prone position to facilitate complete re-
laxation of the muscles. A figure-of-eight shaped TMS coil (diameter of
9 cm) coil was attached to the Magstim 2002. Significant background
EMG area for about 500ms period before the delivery of TMS pulse was
rejected. We recorded the rest motor threshold (RMT), the active motor
threshold (AMT) and the sensorimotor plasticity measured with a
standard paired associative stimulation (PAS) protocol. In this PAS
protocol, median nerve stimulation at the wrist was paired at an in-
terstimulus interval of 25ms with TMS pulse delivered to the motor
cortex (90 pairs delivered) [9]. The mean PAS (PASmean) motor evoked
potential (MEP) recorded from the surface EMG of the abductor pollicis
brevis muscle was determined immediately, at 15min and at 30min
after completion of the PAS protocol to compare with baseline MEP [9].

The primary outcome was the change from baseline in TWSTRS
measures at visit 2 compared between two arms. Secondary outcomes
included change from baseline in VAS measure, SF-36 scores, in-
clinometer readings and TMS measures. Secondary outcomes also in-
cluded a change from baseline in all outcome measures at visit 3. We
applied last observation carried forward for imputation of missing data.
The sample size was determined based on parameters of moderate ef-
fect size, a power of 80% and type I error at 0.05. The between-group
differences in change in scores were examined with SPSS software
version 24, either using a t-test or Wilcoxon rank-sum test which was
Bonferroni corrected for multiple comparisons. Spearman test was used
for correlation. Non-parametric tests were applied since the values were
not normally distributed (p < 0.05, Kolmogorov Smirnov test). All
tests were 2-sided set at p value < 0.05.

3. Results

16 CD subjects and 10 healthy controls participated in the study. CD
subjects (7 males, 9 females) were randomized to the two treatment
arms. The mean age ± standard deviation (SD) was 64.5 ± 5.4 years
and the mean disease duration was 14.4 ± 10.9 years. All CD

Table 1
Demographics and clinical profile of participating cervical dystonia subjects.

Physical therapy arm No-Physical Therapy arm p value

Age in years 64.8 ± 7.4 67.3 ± 7.2 0.51
Gender 4 Females: 4 Males 5 Females: 3 Males 0.06
Cervical dystonia duration in years 10.1 ± 5.4 8.7 ± 5.3 0.14
BoNT therapy duration in years 5.1 ± 4.9 4.1 ± 1.1 0.32
BoNT dose in units 235 ± 70.3 245 ± 55.1 0.41
Average duration of BoNT benefits per cycle (in weeks) 8.8 ± 4.1 9 ± 5.4 0.36
TWSTRS severity score at baseline 18.4 ± 8.7 22.2 ± 11.2 0.13
TWSTRS pain score at baseline 8.7 ± 7.2 7.1 ± 6.7 0.12
VAS pain score at baseline 6.7 ± 5.7 6.9 ± 5.8 0.46
SF-36 quality of life
Physical component score at baseline 54.6 ± 26.4 47.1 ± 25.9 0.11
Mental component score at baseline 58.1 ± 21.9 62.3 ± 23.6 0.44
Inclinometer findings at baseline
Range of Flexion 45.1 ± 25.4 42.7 ± 23.8 0.05
Range of Extension 37 ± 22.3 36.1 ± 24.2 0.32
Range of Rotation to right 45 ± 21.1 48.1 ± 19.3 0.12
Range of Rotation to left 40.1 ± 24.2 42.4 ± 26.5 0.56
Range of Lateral flexion to right 36.2 ± 16.2 18.7 ± 14.5 0.03
Range of Lateral flexion to left 37.2 ± 15.1 17.1 ± 13.2 0.02
TMS rest motor threshold 49.3 ± 6.8 50.1 ± 5.4 0.56
TMS active motor threshold 46.2 ± 9.1 48.1 ± 8.2 0.45

Plus-minus values are means ± SD.
BoNT: botulinum toxin.
TWSTRS: Toronto Western torticollis rating scale.
VAS: visual analogue scale.
TMS: transcranial magnetic stimulation.
There were no significant differences between groups except the p values in bold.
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participants received stable (not changed in previous two cycles) doses
of onabotulinum toxin type A (BOTOX) and at the time of visit 2, the
usual peak benefits related to BoNT were confirmed. Participating CD
subjects scored moderately at baseline on severity and pain measures.
Most of them had a mixed combination of torticollis, laterocollis, and
retrocollis. The two treatment arms were balanced for mean age, gender
distribution, disease duration, duration of BoNT therapy, BoNT dose,
TWSTRS severity, TWSTRS pain, VAS pain, and SF-36 QoL scores and
TMS thresholds except for the flexion ROM in the sagittal plane and the
lateral flexion motion in the coronal plane. (Table 1). An email or
phone log documented that participating subjects in the PT-BoNT arm
maintained compliance with the home exercises. There were no adverse
effects reported. One subject dropped out after randomization from the
BoNT arm due to a family emergency. One subject from PT-BoNT arm
did not follow up at visit 2 and one subject from the BoNT arm did not
follow-up at visit 3 for TMS assessment part. The inter-rater agreement
for video assessment was moderately high (Cohen's kappa 0.65).

The change from baseline in primary outcome variable (TWSTRS
severity and pain measures) at visit 2 was significantly greater in the
PT-BoNT arm compared to the BoNT arm (Fig. 1). The TWSTRS severity
score improved by 31% (mean change 3 ± 0.5 points; p= 0.002) in
the PT-BoNT arm compared to the BoNT arm. The TWSTRS pain score
improved by 28% (1.8 ± 1.1; p=0.01) in the PT-BoNT arm compared
to the BoNT arm. There was also a significant decrease in PASmean at
visit 2 for the PT-BoNT arm which was not seen in the BoNT arm (mean
difference 35%; p=0.01). The PASmean values for the PT-BoNT arm
were noted to approach values of healthy control values. There was a
positive correlation between the change in PASmean and the change in
TWSTRS severity measure (r= 0.56; p= 0.04). Similarly change in
PASmean also correlated with TWSTRS pain measure (r= 0.61;
p=0.03).

TWSTRS disability score (16%; p=0.14) and VAS pain scores
(21%; p= 0.09) improvements in the PT-BoNT arm approached sig-
nificance compared to BoNT arm. Improvement in SF-36 physical
component scale also approached significance in the PT-BoNT arm
(23%; p=0.09) whereas the mental component did not achieve sig-
nificance (p=0.23). The inclinometer findings were not statistically
different between the two arms except for the range of flexion in the
sagittal plane (27%; p=0.03) and lateral flexion (26%, p= 0.01).

There were no statistical differences between the two arms for RMT
(p= 0.8) and AMT (p=0.67). The change from baseline at visit 3 was
not significant for any of the outcome measures (p > 0.05, supple-
mental table).

4. Discussion

The current study found adjunctive PT in CD in combination with
BoNT therapy led to greater improvements in the TWSTRS scores
compared to the BoNT alone. There were positive changes in the QoL
evidenced on a generic measure, and a significant correlation between
sensorimotor plasticity and clinical improvements suggest that the
plasticity effects likely play a role in PT benefits, which needs a further
mediation analysis [10]. Previous research has suggested, abnormal
movement patterns in dystonia are stored due to excessive sensorimotor
plasticity and BoNT therapy in CD likely modulates the plasticity at the
time of peak injection benefits [11]. Interesting and unique to our study
was that sensorimotor plasticity decreased in greater amounts at the
time of peak BoNT benefits in patients who were randomized to the PT-
BoNT arm compared to BoNT alone. Regular exercise training probably
modulates the abnormal movement patterns in dystonia, and that
sensorimotor plasticity may play a major role in the phenomenon.
There is evidence to show exercise training in healthy adults and other
neurological disorders such as Parkinson's disease, Multiple Sclerosis
and stroke modulates brain circuitries with associated health benefits
[12–14]. Exercises in animal models of Parkinson's disease have shown
neuroprotective effects [15]. In dystonia, although there is growing
clinical support, there is a lack of insight on pathophysiological me-
chanisms underpinning the clinical improvements.

We acknowledge our study had limitations such as the small size of
the sample and the short length of exercise program. As a result, the
benefits drawn from exercises in the first six weeks of cycle did not
impact the wearing-off related to BoNT therapy measured at 12 weeks.
Although a home exercise program that is more practical and cost-ef-
fective was employed, supervised PT sessions may have yielded greater
improvements. We also cannot exclude the possibility of a “lessebo
effect” as the BoNT arm did not receive an extra intervention.
Additionally, there were minor differences at baseline between the
groups in the inclinometer findings, and a larger study could address

Fig. 1. Group average data on patient reported
measures. The difference in scores between visit 1
and visit 2 is expressed as a percentage change. A
positive change indicates improvement and a nega-
tive change indicates worsening. Dark grey bar re-
presents the physical therapy arm and light grey bar
represents no physical therapy arm. Error bars re-
present standard errors. Asterisks between the bars
indicates significant difference between the groups.
*P < 0.05. A significant difference is seen for the
TWSTRS pain measure. B: Group average data on
physician reported measures. The difference in
scores between visit 1 and visit 2 is expressed as a
percentage change. A positive change indicates im-
provement and a negative change indicates wor-
sening. Dark grey bar represents the physical therapy
arm and light grey bar represents no physical therapy
arm. Error bars represent standard errors. Asterisks
between the bars indicates significant difference be-
tween the groups. *P < 0.05. ROM is range-of-
motion. A significant difference is seen for the
TWSTRS severity measure, Range-of-motion flexion
and range-of-motion flexion to the right.
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this concern. However, the randomized design, blinded assessment of
videos and large physiological change associated with positive benefits
strengthen the premise that PT may be useful as an adjunct to BoNT
therapy.

We conclude that PT in a CD population is a promising adjunctive
treatment option and that there is preliminary physiological evidence
supporting an important role for sensorimotor plasticity. Future studies
should employ larger sample sizes, longer duration of exercises, and
perhaps supervised PT sessions with multimodal rehabilitation strate-
gies such as resistance training and biofeedback protocols. These stu-
dies may be better served using dystonia or movement disorders spe-
cific scale [16]. Structural and functional imaging studies in
conjunction with TMS may also further elucidate the pathways under-
pinning the synergistic improvement.
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