
ORIGINAL ARTICLE

Sensorimotor Perceptive Rehabilitation Integrated (SPRInt) program:
exercises with augmented movement feedback associated
to botulinum neurotoxin in idiopathic cervical dystonia—an
observational study

Anna Castagna1 & Antonio Caronni1 & Alessandro Crippa1 & Luciana Sciumè2 & Giulia Giacobbi1 & Chiara Corrini1 &

Angelo Montesano1
& Marina Ramella1

Received: 11 June 2019 /Accepted: 28 August 2019
# Fondazione Società Italiana di Neurologia 2019

Abstract
Background Idiopathic cervical dystonia (ICD) is a focal dystonia affecting neck muscles. Botulinum neurotoxin (BoNT) is the
first-line treatment of ICD and different physical therapies (including exercise) are often proposed as adjunct treatments.
However, the actual effectiveness of exercise in ICD is unclear. The aim of the current work is to assess the potential effectiveness
of the Sensorimotor Perceptive Rehabilitation Integrated (SPRInt) exercise program as adjunct therapy for ICD.
Methods Fifteen ICD patients received BoNT injections in the neck muscles and, 12 weeks later, received BoNT a second time
and SPRInt started. SPRInt consists in 18 exercise sessions in which augmented feedback of movement (including visual and
acoustic feedback) is extensively used. Dystonia burden was measured by the Toronto Western Spasmodic Torticollis Rating
Scale (TWSTRS). Patients were evaluated immediately before, 6 and 12 weeks after each BoNT injection.
Results Six weeks after the first BoNT injection (i.e., at BoNT peak effect), TWSTRS total score was better than baseline and
remained improved at 12 weeks. TWSTRS disability domain slightly improved 6 weeks after the first BoNT injection, but after 6
more weeks returned to its baseline level. Disability improvedmore at SPRInt end (i.e., 6 weeks after the secondBoNT injection),
being even lower than after toxin alone. With a single-subject analysis, 4/10 patients who did not improve disability after BoNT
improved after SPRInt plus BoNT.
Conclusions SPRInt plus BoNTcan bemore effective than BoNTalone in improving cervical dystonia patients’ difficulties in the
activities of daily living.
Trial registration www.ClinicalTrials.gov, identifier NCT03247868 (https://register.clinicaltrials.gov).
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Introduction

Idiopathic cervical dystonia (ICD) is an adult-onset, focal dys-
tonia characterized by involuntary contractions of neck mus-
cles, which leads to abnormal head postures and movements
[1]. ICD non-motor burden is high, with patients complaining
pain, anxiety, and poor self-efficacy [2]. Eventually, ICD has a
negative impact on the activities of daily living causing re-
duced quality of life [3].

Good quality evidence supports botulinum neurotoxin
(BoNT) as the first-line treatment in ICD [4, 5]. Nevertheless,
up to one patient out of three is not satisfied with this
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conventional treatment [6] and can look for non-
pharmacological treatments.

Physiotherapy is often proposed as a useful tool in addition
to BoNT [7]. A variety of different physiotherapic interven-
tions have been tested in ICD, such as passive stretching and
electromyographic feedback [8], relaxation [9], and taping
[10]. However, the actual effectiveness of physiotherapy in
ICD is unclear [7] and studies in which non-farmacological
interventions are added to BoNT are warranted [11].

It is well accepted that randomized studies, including ran-
domized controlled trials (RCT) and randomized crossover
trials, offer the highest quality of evidence about the effective-
ness of interventions [12]. Therefore, uncertainty about the
effectiveness of physiotherapy in ICD points out the need
for well-conducted randomized studies. Indeed only a few
RCT studies were able to demonstrate the increased efficacy
of combined BoNT and physiotherapy in comparison with
BoNT alone [7, 13]. However, costs of a RCT can be high
and simpler experimental designs (such as observational stud-
ies) are a reasonable first step in treatment effectiveness eval-
uation [14].

The Sensorimotor Perceptive Rehabilitation Integrated
(SPRInt) program is an exercise program strongly based on
movement-augmented feedback. SPRInt was specifically de-
veloped as an adjunct therapy for ICD patients, to be added to
the customary BoNT injection. There is solid theoretical basis
for the therapeutic effectiveness of augmented movement
feedback in patients affected by movement disorders [15], in
particular in cervical dystonia [16]. As an example, impaired
feedback and impaired feedback processing were proposed as
a pathophysiological explanation in ICD [17]. Alternatively,
abnormal neck postures could be associated with abnormal
sensory inflow and thus to poor proprioception and poor mo-
tor coordination [18]. In addition, previous reports showed
positive results with the application of augmented feedback
in different dystonia types [8, 19].

In the current observational study, we describe a series of
ICD patients who were treated at first with BoNT alone and
then with BoNT and SPRInt. The aim of the study is twofold.
First, we want to evaluate the safety of SPRInt as an adjunct
treatment for ICD. Second, we want to provide preliminary
result on the potential effectiveness of exercise using aug-
mented movement feedback as an adjunct therapy for ICD.

Methods

From March 2016 to May 2017, 15 consecutive ICD patients
were recruited. Patients attended the botulinum toxin outpa-
tient clinic of the IRCCS Fondazione Don Gnocchi Onlus—
Santa Maria Nascente in Milano (Italia). Of the 15 recruited
participants, one dropped out after the first BoNT injection for

working problems. Fourteen participants completing all time
points were included in the final analysis.

The study was approved by the local Ethic Committee and
recorded at ClinicalTrials.gov (NCT03247868). Each
participant gave his/her written consent to take part in the
study.

Kempen’s checklist for reporting case series was followed
[14].

Participants

Patients affected by ICD were included in the study according
to the following criteria: (1) age between 18 and 80 years and
(2) disease duration ≥ 1 year.

Patients were excluded in the case of (1) neck skeletal
abnormalities (e.g., cervical stenosis), (2) cervical myelopathy
or significant cervical radiculopathy based on clinical signs,
(3) a major neurological disorder in addition to ICD (e.g.,
stroke), (4) BoNT injection less than 3 months prior to the
study enrollment.

Well-accepted criteria [1] were used for the ICD diagnosis,
which was made by a neurologist (Ann.C.) with more than
10 years’ experience in ICD.

For diagnostic purposes, all patients had morphologic neck
examination (X-ray or magnetic resonance of the cervical
spine if needed to exclude other causes of pain or postural
cervical spine abnormalities).

Study design

The study was articulated into two phases, each of 3 months
duration (Fig. 1).

Patients received the standard treatment (i.e., BoNT injec-
tions alone) during the first phase and the experimental inter-
vention (i.e., BoNT followed by SPRInt, BoNT + SPRInt)
during the second phase.

Participants were evaluated at five time points (from T0 to
T4). At T0 (i.e., baseline), patients were evaluated just before
receiving the BoNT treatment. The T1 follow up visit was
scheduled 6 weeks after T0. At T2 (i.e., 12 weeks after T0)
patients were evaluated and received the second BoNT injec-
tion. Contextually patients started the SPRInt program.
Similarly to the first phase, during the second phase, patients
were evaluated 6 weeks (T3) and 12 weeks (T4) after the
injection. At T4, BoNT injections were also offered, in accor-
dance with the patient’s needs.

It is important to stress that at T2 (i.e., when the pharma-
cological effect of the first BoNT injection is expected to wear
off) the need for a new BoNT injection was evaluated for each
patient and if this was considered not appropriate, the patient
could drop out from the study.
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Interventions

Each participant had a poly-EMG study of neck muscles,
which substantiated the ICD diagnosis and was helpful in
choosing the dystonic muscles. BoNT injections were guided
by ultrasound used in conjunction with monopolar needle
EMG. An experienced neurologist (Ann.C.) chose the mus-
cles to be treated and made the injections at both time points
following a published algorithm [20]. Total BoNT dosage was
kept into the labeled approved Food and Drug Administration
indications [21]. The abobotulinumtoxin dosage was convert-
ed into incobotulinumtoxin equivalent units according to
Scagl ione and col leagues [22] (conversion rat io
abobotulinumtoxin/incobotulinumtoxin = 3/1).

The SPRInt program consists of exercises with augmented
movement feedback, specifically designed for people with
ICD. The exercise program consisted of 18 one to one ses-
sions (45 min/session, three sessions/week) lead by a physio-
therapist who was directly involved in the SPRInt program
design. Ful l detai ls on SPRInt are given in the
Supplementary Materials 1 and 2.

Outcome measures

Patients were evaluated with a battery of tests and question-
naires at each time point of the longitudinal study.

The Toronto Western Spasmodic Torticollis Rating Scale
(TWSTRS [23, 24]) is a common outcome measure in clinical
trials assessing treatments effectiveness in ICD [25]. The
TWSTRS consists of three different domains (severity, dis-
ability, and pain), which are often used as distinct scales
[26]. The TWSTRS severity domain measures “how bad”
ICD is, thus measuring the impairment severity. More specif-
ically, ICD postures in the different direction of the space,
their severity and duration (e.g., the amount in degrees of
torticollis) are collected with a standardized clinical examina-
tion and scored. The disability domainmeasures how hard it is
to complete daily activities, such as driving, watching televi-
sion, and reading, because of ICD. Finally, the pain domain
quantifies some aspects of pain such as severity and duration.
In all domains, high scores indicate a severe disease, poor
daily activities (high disability), and hard pain.

Anxiety, depression, and health-related quality of life were
also measured (Supplementary Materials 1).

Data analysis and statistics

Two complementary analyses were performed: a whole-
sample analysis and a single-subject analysis. Given that all
outcomes are measured on ordinal scales, non-parametric sta-
tistics were chosen for both analysis types.

In the whole-sample analysis, median and interquartile
range (IQR) were chosen as central tendency and variability
indices, respectively. This analysis primarily looked for mean-
ingful changes of the TWSTRS total and/or domain scores in
the five time points. Friedman rank sum test followed by the
Wilcoxon signed-rank test was used to evaluate differences
among the five time points: the Friedman test was used for
checking the overall time effect and the Wilcoxon test was
used to compare two sessions at a time. Wilcoxon tests were
set so that to respond to the following a priori questions:

1. At BoNT peak effect, are TWSTRS scores (i.e., ICD se-
verity and ICD-related disability and pain) significantly
different from baseline (T1 vs T0)?

2. At BoNT peak effect and SPRInt end, are TWSTRS
scores significantly different from baseline (T3 vs T2)?

3. At treatment end, do TWSTRS scores return to their pre-
treatment status (T2 vs T0; T4 vs T2)?

4. At BoNT peak effect, are TWSTRS scores significantly
different when patients are treated with BoNT + SPRInt
compared to when they are treated with BoNT alone (T3
vs T1)?

5. At treatment end, are TWSTRS scores significantly dif-
ferent when patients are treated with BoNT + SPRInt
compared to when they are treated with BoNT alone (T4
vs T2)?

6. At the end of the study, do TWSTRS scores return to their
pre-treatment value (T4 vs T0)?

Note that the T4 vs T2 comparison is used both in question
3 and 5. Because of multiple comparisons, the customary sig-
nificance level (0.05) was corrected according to Holm-
Bonferroni [27].

Fig. 1 Study design. Patients received the first botulinum toxin injection at T0. At T2, patients received the second toxin administration and started the
SPRInt program. T1, toxin peak effect; T3, toxin peak effect and SPRInt peak effect (i.e., SPRInt end)
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Prompted by the whole-sample analysis results, we run a
single-subject analysis to evaluate for each patient if the score
of the TWSTRS disability domain was significantly different
in the different time points. More specifically, we were inter-
ested in identifying those patients who improved their disabil-
ity domain score at T1 with respect to T0 (i.e., BoNT re-
sponders) and those who improved at T3 with respect to T2
(i.e., BoNT + SPRInt responders).

Details on the single-subject analysis applied here can be
found elsewhere [28]. Briefly, the McNemar test was used to
check if the disability domain score was significantly different
in two time points (i.e., T1 vs T0 and T3 vs T2). Polytomous
items, such as those making up the TWSTRS, can be consid-
ered made of ordered dichotomous (i.e., affirmed/denied)
items [29, 30]. In this respect, item’s score (i.e., the number
of passed category thresholds) represents the number of prob-
lems collected from the patient. With this approach, the
McNemar test is used to evaluate if the number of patient’s
problems enclosed in the TWSTRS disability domain is sig-
nificantly different between two evaluations.

R 3.3.0 [31] was used for figures and statistics.

Results

Table 1 reports demographic and clinical information for each
of the 14 ICD patients who completed the study. One of the 15
enrolled patients dropped out after T2 for a personal reason
(he could not attend physiotherapy sessions because of his

new job). None of the 15 patients rejected the second BoNT
injection, nor was this considered clinically not appropriate.

No adverse effect was recorded.

Whole-sample analysis

Figure 2 shows the time course of the TWSTRS total score
and TWSTRS domain scores, before and after treatments.

The Friedman test showed that the TWSTRS total score
was significantly different at the various time points
(Friedman χ2 = 25.99, d.f. = 4, p < 0.001). At T1 (i.e., at
BoNT peak effect), TWSTRS total score was significantly
reduced compared to T0 (p = 0.002). At T2 (i.e., when the
BoNT effect is expected to wear off), TWSTRS total score
was still smaller than T0 (p = 0.017). At T3 (i.e., at SPRInt
end and at the peak of the second BoNT injection), TWSTRS
total score was smaller than T2 (p = 0.004). No significant
difference was observed between T4 and T2 TWSTRS total
score, while at T4 the TWSTRS total score was still signifi-
cantly smaller compared to T0 (p = 0.023). To note, T3
TWSTRS total score was smaller than T1 TWSTRS total
score (p = 0.024). These findings suggest that BoNT improves
ICD (T1 vs T0) and that 3 months after treatment the improve-
ment is still present (T2 vs T0). The SPRInt program in asso-
ciation with a second BoNT administration further improves
the TWSTRS total score (T3 vs T2). Moreover, after BoNT +
SPRInt, patients’ TWSTRS total score is significantly better
than after BoNT alone.

Table 1 Patients demographics and clinical data. Median and IQR (in
brackets) are given for counts and ratio measures (last row). Inco
incobotulinumtoxinA, Abo abobotulinumtoxinA. For toxin dose,

median and IQR are calculated after converting the Abodosage into
Incoequivalent units (conversion ratio Abo/Inco = 3/1)

T0 T2

ID Sex Age (years) Disease duration (years) BoNT type Number of sites BoNT dose (units) Number of sites BoNT dose (units)

1 F 49 7 Inco 4 90 2 50

2 M 69 14 Abo 6 950 5 700

3 M 79 27 Inco 4 190 6 180

4 F 48 7 Inco 6 190 5 155

5 M 54 10 Abo 8 1000 7 750

6 F 49 5 Abo 4 800 5 800

7 F 73 3 Inco 6 150 5 135

8 M 42 7 Abo 7 750 6 750

9 M 53 4 Inco 8 300 6 300

10 M 46 12 Abo 6 750 4 300

11 F 46 2 Inco 4 100 5 125

12 M 37 2 Inco 6 200 6 200

13 F 43 2 Inco 3 120 5 180

14 F 44 1 Inco 4 100 4 100

F = 7 48.5 (9.3) 6 (7) Inco = 9 6 (2) 195.0 (135.3) 5 (1) 180.0 (118.3)
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The Friedman test also showed that the TWSTRS severity
(Friedman χ2 = 19.44, d.f. = 4, p = 0.004), disability
(Friedman χ2 = 26.66, d.f. = 4, p < 0.001), and pain
(Friedman χ2 = 17.29, d.f. = 4, p = 0.008) scores changed in
the different time points.

TWSTRS disability score was significantly reduced at
T1 compared to T0 (p = 0.049), but no difference was
observed between T2 and T0 (p = 0.089). At T3,
TWSTRS disability was not only reduced compared to
T2 (p = 0.015), but also reduced compared to T1 (p =
0.041). No difference was observed between T4 and T2
disability, but at T4 the disability score was still smaller
than T0 (p = 0.041).

From Fig. 2, it is immediately apparent the different time
course of the pain domain score compared to that of the dis-
ability and severity domains. Pain score drops immediately
after the first BoNT injection (T0 vs T1, p = 0.019) and re-
mains low throughout the duration of the study (e.g., T0 vs T2,
p = 0.038).

Finally, even if the Friedman test was significant for the
severity domain score too, no difference was found in the a
priori planned comparisons.

After treatments, no modification was found for quality of
life, depression, and anxiety (Supplementary Materials 1).

Single-subject analysis

The whole-sample analysis suggests that patients’ disability
benefits the most from the association of BoNT and SPRInt.
The aim of the single-subject analysis was to investigate this
aspect in greater detail.

TheMcNemar’s test on the disability domain score showed
that disability significantly improved after BoNT in 4 patients
(T1 vs T0; p ≤ 0.025) and that BoNT in association to SPRInt
significantly improved disability in 5 patients (T3 vs T2; p ≤
0.046; see SupplementaryMaterials 1 for the full results of the
single subject analysis). It is remarkable that only one patient
improved his disability score both after BoNT alone (p =

Fig. 2 Time course of the
TWSTRS total score and
TWSTRS domains scores.
Median (bar height) and IQR
(whisker length) are reported. Y
axis is scaled from test minimum
to maximum score. Stars mark a
significant difference between
two time points. None of the
planned comparisons (see the
methods) were significant for the
TWSTRS severity score.
Numeric values are given in
Supplementary Materials 1
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0.014) and BoNT + SPRInt (p = 0.025). In fact, 3 of the 4
patients who improved after BoNT did not respond to BoNT +
SPRInt and, similarly, 4 of the 5 patients who improved after
BoNT in association to SPRInt did not respond to BoNT
alone. From another point of view, 4 of the 10 patients who
did not respond to BoNTalone showed a significant disability
reduction after BoNT + SPRInt. Finally, 6 patients did not
significantly improve with any of the treatments.

Discussion

The current observational study shows that exercise with aug-
mented movement feedback in addition to BoNT could be an
effective treatment for ICD patients, particularly improving
their difficulties in the activities of daily living. These results
highlight as well that disability measures, such as the score of
the TWSTRS disability domain, are responsive to exercise in
ICD. On this basis, disability measures (rather than impair-
ment measures) should be preferred as main outcomes in clin-
ical trials evaluating exercise effectiveness in ICD.

BoNT injections are the first-line treatment for ICD, effec-
tively correcting abnormal neck posture, reducing pain and
improving the activities of daily living [5, 32–34]. BoNT is
well tolerated and safe and BoNT adverse events are usually
transient and mild/moderate [21]. However, BoNT dose-
dependent adverse reactions have been reported [35] and it
has been shown that high doses of BoNTand short reinjection
intervals could potentially increase the risk to develop neutral-
izing antibodies, eventually leading to clinical non-
responsiveness [21]. On the other hand, many ICD patients
feel the need for close injections (i.e., earlier than the 12weeks
of the customary treatment schedule) and would prefer treat-
ments that last longer [36, 37].

In view of all that, any adjunct therapy able to increase
BoNT effect size and duration would be valuable. Exercise
and physiotherapy are often suggested as an adjunct therapy
in ICD. As an example, a cross-sectional study reported that
about half of the ICD patients had physiotherapy at some point
of their disease and that they felt the need for more physio-
therapy [38]. However, there is no clear evidence of physio-
therapy effectiveness in ICD [11].

A number of factors make the path toward evidence com-
plicated. For example, different studies evaluated different
exercise programs (e.g., ranging from active exercise to relax-
ation [8, 9]). In addition, physiotherapy could be effective in a
sub-group of selected patients (e.g., more disabled people) and
the outcome measures used to assess drugs’ effectiveness
(e.g., impairment-centered measures) could be not appropriate
to assess rehabilitation effectiveness, which would prefer dis-
ability and participation level measures. In view of these is-
sues, exploratory studies (as the current study) before techni-
cally more demanding trials are appropriate [14].

In the current work, we report that ICD overall severity
(i.e., the TWSTRS total score) is improved both after BoNT
injections alone (i.e., T1) and after BoNT in association with
the SPRInt exercise program (i.e., T3). At T3, the TWSTRS
total score was reduced compared to T1, suggesting that the
BoNT and SPRInt association could be more beneficial than
BoNT alone. However, this conclusion is weakened by the
fact that at T2 (i.e., 12 weeks after the first BoNT administra-
tion, when the BoNT effect should have worn off), the
TWSTRS total score was still better than T0. Therefore, we
cannot exclude that the further improvement observed after
the BoNT and SPRInt association (T3 vs T1) is favored by
the second BoNT administration adding on the tail of the first
one rather than by the genuine association of BoNT and
exercise.

With this regard, the analysis of the different TWSTRS
domains scores is helpful. This analysis showed that BoNT
alone had little effect on the TWSTRS disability score (T0 vs
T1), which actually wore off after 12 weeks (T2 vs T0). On the
contrary, the association of BoNT and SPRInt substantially
improved disability (T3 vs T2), with patients reaching a dis-
ability level significantly better than those reached after BoNT
alone (T3 vs T1).

The positive effect of the combined treatment on disability
is further confirmed by the single-subject analysis, which
showed that about half of patients whose disability did not
respond to BoNT alone, actually improved after BoNT +
SPRInt. The single-subject analysis could give some clues
for the appropriate prescription of exercise as an adjunct ther-
apy in ICD. In fact, this analysis showed that it is unlikely that
patients who already improve their disability after BoNTalone
improve further after BoNT + SPRInt. On the other hand,
patients getting better after BoNT + SPRInt are more likely
those who did not respond optimally to BoNT alone. If these
preliminary results are confirmed, it can be proposed that
proper responders to BoNT have no additional benefit from
the addition of neck exercises. On the contrary, the association
of BoNT and exercise seems actually indicated in those ICD
patients who poorly respond to BoNT alone.

Our study has some obvious limitations. The sample size is
small (thus increasing the chance of a type II error), but it
should be noted that ICD is a rare disease [39]. It can be
argued that patients received their second BoNT injection
too early given that, after the first injection, the TWSTRS total
score has not returned to its baseline levels. In other words, it
is not possible to exclude a carryover effect. However, the
injection schedule used here is strongly supported by current
guidelines and it is in line with the view that BoNT should be
scheduled so that to minimize the “off period” [40]. A cross-
over study, in which patients are randomly allocated to receive
treatments in the order BoNT and then BoNT + SPRInt or
BoNT + SPRInt and then BoNT alone, seems thus an appro-
priate continuation of the current work. It should also be
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pointed out that, at our knowledge, there is no published paper
reporting the process of translation and adaptation of the
Italian version of the TWSTRS. Despite this, TWSTRS is
widely used in the clinic and has been used as well in previous
works [24]. To note, the TWSTRS is rather simple and so we
are confident that the Italian version performs similarly to the
original one.

The current work shows that exercise can be an effective
and safe adjunct therapy in ICD, although additional studies
(such as randomized, controlled trials) are needed before these
results can be generalized for broader clinical use.
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