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A B S T R A C T

Introduction: Several observations would suggest that dystonic pain is not simply muscular in origin. While
ascending nociceptive pathways are normal in cervical dystonia, it is unknown whether descending inhibitory
pain pathways are also normal.
Methods: We applied a conditioned pain modulation protocol and concomitantly recorded laser evoked poten-
tials in patients with cervical dystonia (n=15), blepharospasm (n=15) and healthy volunteers (n= 15).
Results: During the application of a heterotopic noxious conditioning stimulation, patients with cervical dys-
tonia, but not with blepharospasm, lacked the physiological reduction of the perceived intensity of a painful test
stimulus as well as of the related evoked potential. This was observed in cervical dystonia patients regardless of
the presence of clinical pain.
Conclusions: Our results suggest that pain in CD is not simply muscular in origin but it also possibly reflects a
dysfunction of the descending pain inhibitory control, thus providing a novel venue to explore the pathophy-
siology of pain in CD.

1. Introduction

Pain is the most common and disabling non-motor symptom in
cervical dystonia (CD), usually reported in the neck and shoulder
muscles by up to 75% of patients [1], which is a much higher rate
compared to other forms of focal dystonia such as blepharospasm (BPS)
[1–3].

It might be speculated that pain in CD is not of muscular origin
alone, since it can occur in non-dystonic cervical muscles and does not
clearly correlate with the degree of contraction of dystonic muscles as
measured with pressure algometry [4]. This is further suggested by the
fact that in a proportion of CD patients pain is not relieved following
botulinum neurotoxin (BoNT) injections despite the improvement of
dystonic contractions [5,6], and its improvement after deep brain sti-
mulation (DBS) of the globus pallidus internus (GPi) is temporally
dissociated from the motor outcome [7,8]. Altogether, these findings
might suggest that pain in CD may also be due to an abnormal central

processing of nociceptive stimuli.
We previously reported that the N2/P2 laser evoked potentials

(LEPs), originating in the cingulate cortex and insula [9], are normal in
CD, suggesting there is no overactivity of the ascending nociceptive
pathways [10]. However, the hypothesis that descending inhibitory
control might be deficient in dystonia has not yet been tested. This can
be explored with a conditioned pain modulation (CPM) protocol [11],
which consists in delivering a painful conditioning stimulus (CS)
alongside another experimentally induced painful test stimulus (TS)
[5]. According to the principle of “pain inhibits pain”, a physiological
reduction of the perceived TS is usually observed [11]. Alterations of
CPM have been proposed as one of the underlying mechanisms con-
tributing for the development of chronic pain conditions.

Given the high prevalence of pain in CD, we primarily sought to test
the hypothesis that these patients might have an abnormal response to a
CPM protocol. We further included patients with BPS to assess possible
CPM differences with CD patients.
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2. Methods

Forty-five subjects (15 patients with CD, 15 patients with BPS and
15 HC) participated to the study. There were no differences between
groups in terms of age (CD=55.58 ± 12.93; BPS= 62.08 ± 15.53;
HC=48.58 ± 12.68; p > 0.05) and sex (CD=6 F/6M; BPS= 8 F/
4M; HC=4 F/8M; chi 2=2.67, p > 0.05). Patients with CD and BPS
had similar disease duration (9.08 ± 4.83 and 8.62 ± 4.72, respec-
tively; p > 0.05) and disease severity as assessed with the Unified
Dystonia Rating Scale [12] (CD=4.58 ± 1.93; BPS=4.22 ± 1.52,
p > 0.05), and were tested 4 months after their last set of BoNT in-
jections. Eight out of 15 CD patients (53.3%) had clinical pain as in-
dicated by a 11-point numerical rating scale (NRS) > 3 on a typical
day, as opposed to only 1 patient with BPS (6.7%, Fisher χ2= 7.8,
p=0.014). All 8 CD patients reported a moderate relief of pain fol-
lowing BoNT, despite a strong improvement of the abnormal posture.

Exclusion criteria were: presence of tremor to avoid artifacts during
the recording; clinical and electrophysiological evidence of a peripheral
neuropathy or of any other diseases potentially causing sensory im-
pairment (i.e., diabetes.); headache or other types of pain for HC,
whereas for both patient groups presence of pain in body areas far from
the affected one; cognitive impairment (MMSE<26); depression [Beck
depression inventory (BDI) ≥14] and anxiety [Beck anxiety inventory
(BAI) ≥16]; and current use of anti-depressants, anxiolytic or analgesic
drugs.

LEPs recording were performed as previously described [13]. In
brief, TS consisted of cutaneous heat stimuli delivered by a Nd:YAP
laser stimulator on the dorsum of the right hand with an intensity of
stimulation which was set 2mJ above the pain threshold and kept
unchanged throughout the recording. The N2/P2 LEPs were obtained
from recording electrodes placed over the scalp (Cz, Fz), with the re-
ference electrode at the nose. LEPs were measured on averages of 25–30
trials, after which subjects were asked to rate the pain induced by the
TS (pain-rating) using an 11-point Numerical Rating Scale (NRS) ran-
ging from 0 (e.g., no pain) to 10 (e.g., most severe pain imaginable).

LEPs and pain-ratings were collected in three different sessions: 1)
baseline; 2) during the application of a heterotopic noxious con-
ditioning stimulation (HNCS); and 3) post-HNCS. During HNCS, sub-
jects were requested to submerge their left foot distal to the ankle joint
into an ice water bath at a temperature of around 0 °C [11]. The pain
intensity of the CS (i.e., ice water bath), also rated by using a 11-point
NRS scale, was not significantly different between groups (Table 1) and
all subjects were able to tolerate the intensity of the CS for the entire
HNCS session, which lasted about 5min. The 3 experimental sessions

were separated by a 15-minute interval, as previous studies using a
CPM protocol concluded that the pain-suppressive effects of the CS
vanish after 5–10min (for a review see 14). The procedures were ap-
proved by the institutional ethics committee and all subjects gave their
written informed consent.

2.1. Statistical analysis

Normal distribution and equal variance were checked through the
Shapiro-Wilk and Barlett tests. The mean values of pain threshold, pain-
rating, N2 and P2 latencies and N2/P2 amplitude were entered into
separate repeated measures analyses of covariance (ANCOVA) with
Group as the between-subject factor and time (Baseline vs HNCS vs post-
HNCS) as the within-subject factor. As covariates, we included age, BDI
and BAI scores, which are known to interact with the outcome (i.e.,
LEP/Pain rating). To account for baseline differences between groups,
we further computed the ratio of the N2/P2 amplitude between the
HNCS and baseline session, which was entered in a one-way ANCOVA
model. Greenhouse Geisser correction was used when necessary to
correct for nonsphericity. Post-hoc comparisons were performed using
t-tests using Bonferroni correction for multiple comparisons where
needed. Cohen's d was used to calculate effect sizes, with d values <
0.5, 0.5 < d<0.8, and d> 0.8 indicating a small, medium, and large
effect respectively. Correlations between the gathered variables were
performed using the Pearson's test; a 5% level of significance was used
for all tests. Secondary analyses were performed to explore LEP re-
cording and pain-rating differences between CD with and without
clinical pain. All test were performed with Stata v.11.0 (Stata Corp,
USA).

3. Results

No baseline differences were observed between groups in terms of
LEP latency, amplitude, and pain-rating values (Table 1). As for the N2/
P2 amplitude, there was a significant effect of time [F(2,42) = 49.97;
p < 0.001] and a significant group× time interaction [F(2,42) = 7.54;
p < 0.001]. These effects were driven by significantly higher N2/P2
amplitude during the HNCS session in patients with CD as compared to
both HC (p=0.019) and BPS (p= 0.024) (Fig. 1A), whereas no dif-
ferences were found at post-HNCS (Fig. 1A; Table 1). Cohen's d using
CD and HC values during the HNCS was 3.34, thus indicating a very
large effect size. Analogously, the one-way ANCOVA model showed
significant differences in the N2/P2RATIO between groups
[F(2,42)= 16.76; p < 0.001], with a higher ratio (indicating less N2/P2

Table 1
Summary of the electrophysiologic and psycophysical variables in Cervical Dystonia (CD), Blepharospasm (BPS) and Healthy Controls (HC).

CD BPS HC post-hoc p value

BASELINE
N2 Latency (ms) 218.17 ± 12.58 220.34 ± 21.70 213.33 ± 17.29 > 0.05
P2 Latency (ms) 309.67 ± 35.03 309.25 ± 30.21 309.08 ± 34.71 > 0.05
N2/P2 Amplitude (μV) 29.76 ± 9.69 31.36 ± 8.29 29.83 ± 7.13 > 0.05
NRSTS 4.58 ± 0.67 4.42 ± 0.72 4.42 ± 0.67 > 0.05

HNCS
N2 Latency (ms) 213.83 ± 16.21 222.52 ± 16.08 223.67 ± 19.40 > 0.05
P2 Latency (ms) 299.75 ± 28.53 317.21 ± 30.91 314.33 ± 38.28 > 0.05
N2/P2 Amplitude (μV) 23.50 ± 4.84 17.72 ± 4.36 17.28 ± 5.06 0.024a/0.019b

NRSTS 4.31 ± 1.24 3.30 ± 1.22 3.17 ± 0.95 0.022a/0.020b

NRSCS 7.08 ± 1.93 7.00 ± 1.55 7.75 ± 2.05 > 0.05
Post-HNCS
N2 Latency (ms) 214.92 ± 12.42 219.17 ± 19.72 212.92 ± 18.45 > 0.05
P2 Latency (ms) 313.08 ± 28.42 313.42 ± 32.60 299.78 ± 31.58 > 0.05
N2/P2 Amplitude (μV) 23.67 ± 9.68 26.68 ± 11.32 24.62 ± 8.95 > 0.05
NRSTS 4.64 ± 1.09 4.58 ± 1.32 4.50 ± 0.67 > 0.05

NRSTS: numerical rating scale test stimulus; NRSCS: numerical rating scale conditioning stimulus. HNCS: heterotopic noxious conditioning stimulation.
a CD vs BPS
b CD vs HC.
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suppression) in patients with CD than in patients with BPS and HC
(both p < 0.01; Fig. 1C).

As for the pain-rating, the repeated measure ANCOVA showed a
significant effect of time [F(2,42) = 28.63; p < 0.001] and group× time
interaction [F(2,42)= 3.66; p < 0.01]. These effects were driven by
higher NRS during the HNCS session in patients with CD as compared to
both HC and patients with BPS (both p < 0.01; Fig. 1B), whereas there
were no differences at post-HNCS (table 1).

No significant correlations were found between psychophysical
variables and LEP recording in any groups nor differences could be
observed between CD patients with and without pain, both in terms of
LEP recording and pain-ratings (for all comparisons p > 0.05; data not
shown).

4. Discussion

While baseline pain rating and LEPs were normal in CD patients,
confirming that there is no overactivity of the ascending pain pathways
[10], we have here demonstrated that these patients have a reduced
CPM response, as compared to both HC and patients with BPS, which
suggests that the endogenous inhibitory pain system is primarily de-
fective in CD.

CPM represents the human behavioral correlate of diffuse noxious
inhibitory control (DNIC), initially described in rats [15]. Studies in
both animals and humans have demonstrated that descending influ-
ences on spinal nociceptive processing rely on a spino-bulbo-spinal loop
that crucially involves the subnucleus reticularis dorsalis (SRD) and
other brainstem structures, including the periaqueductal gray and the
rostral ventromedial medulla [15,16]. However, while the brainstem is
critical for CPM, higher brain structures including the dorso-lateral
prefrontal cortex and the middle- and posterior-cingulate cortex,
modulate its expression [17]. The SDR receives somatosensory and
motor cortex inputs and projects to the midline, mediodorsal, and in-
tralaminar thalamic nuclei, a complex of about 25 thalamic nuclei that
synchronize the medial and later pain systems, which in turn have
strong connections with both the cingulate cortex and the striatum
[17,18]. Thus, there is a strong link among these brain structures that
would enhance their mutual engagement in pain-driven motor re-
sponses at both cortical, basal ganglia and brainstem levels of output.

There are no studies specifically exploring the neuroanatomical
basis of pain in dystonia. Therefore, it is unclear which of these brain
structures might be involved in CD and account for the CPM abnorm-
alities observed here. Some authors have hypothesized that altered
connections between basal ganglia and brainstem might account for the
motor symptoms of CD [19] and this might also hold true for pain.
Noteworthy, GPi DBS improves motor function and pain with a dis-
sociated time-course [7,8]. This would suggest a complex organization
of the GPi in terms of functional anatomy, with different subgroups of

neurons being responsible for motor and nociceptive functions [7,8].
Whatever the precise mechanism might be, our data indicate that

CPM is selectively impaired in patients with CD but not with BPS. This
suggests that, although some pathophysiologic abnormalities of sensory
processing might be shared across different types of dystonia [20],
other mechanisms might be involved in cervical but not other forms of
focal (i.e., cranial) dystonia, thus possibly accounting for the clinical
differences between focal dystonia types.

It is currently unclear to what degree deficient endogenous pain
modulation may be a cause or an effect of chronic pain. It might be
argued, in fact, that the presence of clinical pain might have functioned
as a conditioning stimulus, thus leading to a reduced CPM response.
However, in our study, CPM was defective in both CD patients with and
without clinical pain and no correlation was observed between CPM
abnormalities and intensity of pain. This might suggest that CPM dys-
function may precede the occurrence of clinical pain in CD, but further
studies are warranted to understand whether this abnormality re-
presents on its own the functional basis of the development of overt
pain in CD or acts synergistically with additional factors. Pain in CD is
likely to be multifactorial, with many features, including the type (i.e.,
predominant phasic or tonic) and severity of dystonia, disease duration,
as well as the presence of comorbid medical conditions associated with
or predisposing to painful symptoms (i.e., disk herniation, joint dis-
eases, etc.) potentially playing a role. Therefore, future ad-hoc epide-
miological studies on a large sample of CD patients with and without
pain assessing differences in demographic and clinical characteristics
could help in identifying possible factors triggering pain.

We acknowledge the relative small sample size, which further pre-
vented us to correlate the response to BoNT injections in terms of pain
reduction and the CPM abnormality. Notwithstanding these limitations,
our results suggest that pain in CD is not of muscular origin alone, but
might also arise from a dysfunction of the descending pain inhibitory
control, thus providing a novel venue to explore the pathophysiology of
pain in CD.
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