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Abstract

Background: The involvement of motor cortex and sensorimotor integration in

patients with writer’s cramp (WC) has been well documented. However, the

exact neurophysiological profile within the somatosensory system, including

primary somatosensory cortex (SI), contralateral (SIIc), and ipsilateral (SIIi)

secondary somatosensory areas remains less understood. Methods: This study

investigated the neuromagnetic cortical activities of median nerve stimulation

in 10 patients with WC and 10 healthy controls (HC). To comprehensively

explore all the aspects of somatosensory functioning, we analyzed our data with

the minimum norm estimate (MNE), the time-frequency approach with evoked

and induced activities, and functional connectivity between SI and SIIc (SI–
SIIc), SI and SIIi (SI–SIIi), and SIIc and SIIi (SIIc–SIIi) from theta to gamma

oscillations. Results: No significant between-group differences were found in

the MNE cortical amplitudes of SI, SIIc, and SIIi. Power strengths of evoked

gamma oscillation and induced beta synchronization were also equivalent

between WC and HC groups. However, we found significantly reduced theta

coherence of SI–SIIi, alpha coherence of SI–SIIi and SIIc–SIIi, as well as beta

coherence of SIIc–SIIi in patients with WC. Conclusion: Our results suggest

the involvement of somatosensory abnormalities, primarily with the form of

functional connectivity, in patients with WC.
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Introduction

Patients with focal hand dystonia experience task-specific

involuntary movements due to abnormal cocontraction of

agonist and antagonist muscles. In writer’s cramp (WC),

a type of hand dystonia, a growing number of neurophys-

iological and imaging studies have indicated that motor

cortical dysfunction or sensorimotor integration impair-

ment is the core manifestation of this disease (Berardelli

et al. 1998; Quartarone et al. 2003; Tecchio et al. 2006,

2008; Hallett 2011). However, the exact pathophysiology

of somatosensory processes has not been fully clarified.

Various forms of somatosensory dysfunction have been

reported in patients with WC. For example, the distance

of cortical representation of digits was smaller in WC,

suggesting a disorganization of the primary somatosen-

sory cortex (SI) (Bara-Jimenez et al. 1998; Tinazzi et al.

2003). Increased somatosensory temporal discrimination

threshold (STDT) in patients with focal hand dystonia

was also reported, either in the affected or unaffected

hand (Scontrini et al. 2009; Conte et al. 2014). By using

electrophysiological recordings in conjunction with dual

electrical stimulation in temporal pattern, the neural cor-

relates of STDT deficits have been observed and found to

be correlated with the STDT severity (Frasson et al. 2001;

Tamura et al. 2008). When dual electrical stimulation was

applied in the distinct locations, the results indicated an

abnormality in inhibitory integration of afferent inputs

coming from adjacent body parts (Tinazzi et al. 2000).

Furthermore, sensory trick, a phenomenon of transient

alleviation of dystonic symptoms by means of sensory

stimulation, highlights the critical role of somatosensory

processing in the pathophysiology of clinical manifesta-

tion. Nevertheless, it remains debatable whether the regis-

tration and identification of the sensory information in

the somatosensory cortex is impaired in patients with

WC. Data from electrophysiological research demon-

strated inconsistent findings, with some studies reporting

abnormal somatosensory-evoked potentials (SEPs) or

fields (SEFs) of SI (Tamura et al. 2008; Dolberg et al.

2011), whereas others showing relatively preserved func-

tion of SEPs or SEFs (Cimatti et al. 2007; Tseng et al.

2014) in WC or other forms of focal hand dystonia. Most

importantly, the exact profile of secondary somatosensory

(SII) cortical responses, which are relevant to higher order

somatic processes, also remains elusive.

In addition to time-domain measurement, time-fre-

quency analysis provides additional information and

solves the questions that SEPs or SEFs could not answer.

The evoked oscillations reflect time- and phase-locked

synchronization of neural assemblies. Compared to the

alpha and beta frequency bands, the somatosensory-

evoked gamma oscillations (above 30 Hz) represent the

short-latency, early-stage information processing of the

human SI. Although it has been reported that the power

of evoked gamma oscillations was comparable between

healthy subjects and patients with WC (Cimatti et al.

2007), the relevant evidence remains scarce. As for the

induced oscillations, event-related synchronization (ERS)

of beta frequency bands (13–30 Hz) occurs around 500 to

700 msec after the stimulus onset, and has been widely

shown to be located in SI (Pfurtscheller et al. 2001;

Cheyne et al. 2003), whereas others have indicated in sen-

sorimotor areas (Hari et al. 1998; Gaetz and Cheyne

2006). This neurophysiological component is proposed to

subserve an inhibition of motor cortex (Salmelin et al.

1995) or a sensory reafference (Cassim et al. 2001). One

previous study (Tseng et al. 2014) did not find significant

differences in beta ERS strength in SI between normal

participants and WC at the sensor-level analysis. A precise

characteristic of beta ERS at the source level is warranted.

It is also striking to note that cortical somatosensory

information is processed not only at SI and SII individu-

ally, but also at a network across relevant areas. Cortico-

cortical coherence is commonly taken as a measurement

of firing synchronization of two different neural assem-

blies. However, up to the present, it remains poorly

understood whether the interplay of SI and SII in WC is

affected.

To address the aforementioned issues, this study

investigated the somatosensory information processes in

WC by acquiring magnetoencephalographic (MEG) data

during electrical stimulation to the median nerve at rest.

We firstly aimed to verify the previous SEP or SEF find-

ings at the cortical level. The distributed source imaging

technique of minimum norm estimate (MNE) was

applied to detect the source activity in the SI, contralat-

eral SII (SIIc), and ipsilateral SII (SIIi). Then we tested

whether abnormalities of evoked gamma oscillation and

induced beta ERS in SI were present in patients with

WC. Most importantly and notably, our major goal was

to examine the cortical coherence between SI and SIIc

(SI–SIIc), SI and SIIi (SI–SIIi) as well as SIIc and SIIi

(SIIc–SIIi). It was hypothesized that patients with WC

exhibited a reduced functional connectivity compared to

healthy controls.

Methods

Subjects

Ten right-handed patients with WC (five males and five

females; 19–59 years old) and ten age-, gender-, and

handedness-matched healthy controls (HC, five males and

five females; 22–56 years old) participated in this study.

Majority of subjects were from an earlier study (Tseng
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et al. 2014). Patients with idiopathic WC were diagnosed

by an experienced neurologist (RS Chen) and were free

from medication for at least 14 days prior to MEG

recordings. Among these patients, only one received injec-

tion of botulinum toxin (BTX) 3 month prior to the cur-

rent MEG recordings. This protocol was reviewed and

approved by the Institutional Review Board of Taipei

Veterans General Hospital.

Somatosensory stimulation and MEG
recordings

Each participant received 0.2-msec electrical stimulation

of the right median nerve, with a constant interstimulus

interval (ISI) of 3 sec. The stimulus intensity was set 20%

above the motor threshold to elicit a visible twitch of the

thumb (Cheng and Lin 2013). During the recordings, the

subjects sat comfortably and were asked to relax and fix

their eyes on a centrally presented crosshair.

The magnetic responses were recorded with a 306-

channel MEG instrument (Vectorview, Elekta-Neuromag,

Helsinki, Finland). The online bandpass filter and

sampling rate were set to [0.1, 160] Hz and 500 Hz,

respectively. Responses contaminated by eye blinks (elec-

tro-oculogram >150 lV) were discarded. In each

participant, at least 100 artifact-free trials were obtained

for source analysis of SEFs.

Source analysis of SEFs

The averaged SEF data were offline filtered with a band-

pass of [0.1, 120] Hz and analyzed with an epoch of

500 msec, including a 100-msec prestimulus baseline.

The modeling of the cortical spatiotemporal dynamics

of SEFs was obtained with Brainstorm software (Tadel

et al. 2011). An overlapping-sphere model was applied as

the forward modeling of MEG measures. The cortically

constrained source imaging of depth-weighted minimum

norm estimate (MNE) was utilized to create the individ-

ual source map, and then geometrically rescaled to the

Montreal Neurological Institute brain template (Colin27;

Cheng et al. 2013, 2015a).

The identification of regions of interest (ROIs) was

based on the empirical evidence that electrical stimulation

to the median nerve elicits cortical activation of SI (M20

and M35), SIIc, and SIIi (Lin et al. 2000; Lin and Forss

2002; Cheng et al. 2015b). A cluster of 30 vertices corre-

sponding to 3–4 cm2 was manually selected to define each

ROI. The time-resolved magnitude of each elementary

source was normalized to its fluctuations over baseline,

yielding a set of z score at each cortical location. The z-

score values were rectified to detect absolute magnitude

changes above baseline level.

Time-frequency analysis

In order to characterize the power spectrum of somatosen-

sory cortical responses, MEG source waveforms of each raw

trial (100 msec before and 1000 msec after stimulus onset)

were transformed using Morlet wavelet-based time-fre-

quency decomposition (central frequency: 1 Hz; time reso-

lution: 3 sec) as in Brainstorm software. Since SI

demonstrates a higher signal-to-noise ratio for both evoked

and induced responses, the time-frequency investigation

was focused on this specific ROI. The power of signal fluc-

tuations was computed between 1 and 50 Hz in 1-Hz steps.

The mean strength of evoked gamma oscillation (30–
50 Hz) was calculated from the average of 15–45 msec

after stimulus onset. For the induced beta ERS, we

selected peak amplitudes of the most reactive frequency

bands (2 Hz) from each participant. For both evoked and

induced spectral power data, the z score was again uti-

lized to detect the absolute value with respect to the base-

line power level.

Functional connectivity analysis

Each raw data of time-frequency response (�100 to

1000 msec) were further analyzed for brain dynamic

activities. Source-based coherence among SI, SIIc, and SIIi

was estimated by using magnitude-squared measure, with

maximum frequency resolution of 1 Hz and highest fre-

quency interest of 50 Hz (Brainstorm software). The

functional connectivity of SI–SIIc, SI–SIIi, and SIIc–SIIi
in each individual was determined according to the

following four frequency bands: theta (5–7 Hz), alpha

(8–12 Hz), beta (13–30 Hz), and gamma (31–50 Hz)

oscillations.

Statistical analysis

All the data were presented as mean � standard error

of the mean (SEM). To avoid spurious type I error,

nonparametric Mann–Whitney U-tests were used to

compare two studying groups. Associations between

duration of illness and neuromagnetic signals were

assessed by Spearman’s correlation coefficients. A P-

value of < 0.05 was considered as the statistically signifi-

cance.

Results

Verify previous SEP and SEF findings at the
source level

Figure 1A shows the grand-averaged SEF waveforms and

the corresponding spatiotemporal cortical source maps in
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HC and WC groups. For the cortical MNE strength of SI

(M20 and M35), SIIc, and SIIi, no significant differences

were found between the two groups (Fig. 1B).

Figure 2A shows the time-frequency maps of evoked

gamma oscillations between 30 and 50 Hz. Though the

grand-averaged plot demonstrates a stronger power in

(A)

(B)

Figure 1. (A) Spatiotemporal dynamics of

minimum norm estimate (MNE) of

somatosensory-evoked fields (SEFs)

following median nerve stimulation in

healthy controls (HC, n = 10) and patients

with writer’s cramp (WC, n = 10). The

grand-averaged MNE activation is mapped

onto the Montreal Neurological Institute

Colin27 template. M20 and M35 of

primary somatosensory (SI) activities are

located in the anterior parietal cortex.

Later-latency responses of contralateral and

ipsilateral secondary somatosensory areas

(SIIc and SIIi, respectively) occur in the

bilateral parietal operculum with stronger

activation in the SIIc than the SIIi. (B) The

statistical results show no significant

differences between HC and WC in terms

of M20, M35, SIIc, and SIIi activation

amplitudes.
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WC, the statistical analysis did not yield statistical

differences in terms of mean gamma oscillatory activi-

ties. Figure 2B exhibits electrical-induced beta ERS in

each group. The peak frequencies of reactive beta bands

were 19.1 � 1.13 Hz in HC and 19.8 � 1.23 Hz in

WC. The nonparametric analysis did not show

statistical significance between the groups in terms of

beta ERS power.

Primary outcome: functional connectivity

We evaluated the functional connectivity among three

identified ROIs (Fig. 3). Cortical coherence of SI–SIIc was

in general greater than that of SI–SIIi and SIIc–SIIi for

each frequency band in both HC and WC groups. Nota-

bly, the cortical coherence of SI–SIIi was strongly reduced

in WC for theta (P = 0.037) and alpha (P = 0.006) bands.

Moreover, the alpha band coherence (P = 0.048) and beta

band coherence (P = 0.044) of SIIc–SIIi were significantly

decreased in WC than in HC.

Among the aforementioned between-group differences

in terms of theta, alpha, and beta frequency bands, we

did not find any statistically significant correlation

between cortical coherence and disease duration.

Discussion

To comprehensively study the neurophysiological charac-

teristics of somatosensory system in patients with WC, we

recorded MEG responses to electrical stimulation on the

median nerve and analyzed these data with cortical-based

MNE and time-frequency methods. The SI, SIIc, and SIIi

source activation of WC did not differ significantly from

those of matched controls. Evoked gamma frequency

power and induced beta ERS strength of SI were also

equivalent between the two studying groups. The most

important finding was that by using functional connectiv-

ity analysis, patients with WC showed a reduced cortical

coherence of SI–SIIi and SIIc–SIIi.
Early electrophysiological components of SI, such as

N20 or P27 (or its magnetic counterpart of M20 or

M35), refer to the fundamental somatosensory neural

response to changes in afferent inputs. In consistent with

previous studies (Murase et al. 2000; Dolberg et al. 2011),

our results exhibited comparable SEF activities between

HC and WC. Evoked gamma frequency, superimposed in

time on M20 waveforms, is functionally dissociated from

M20 of SI. Our current time-frequency analysis also

showed preserved gamma oscillation (30–50 Hz) energy

(A)

(B)

Figure 2. (A) Time-frequency maps of evoked gamma oscillations in SI region. There is no difference in mean evoked gamma power (frequency

range of 30 to 50 Hz and time range of 15 to 45 msec after stimulus onset). (B) Time-frequency maps of induced beta event-related

synchronization (ERS) in SI region. Although the grand-averaged plot shows a greater strength in the healthy controls, the statistical results exhibit

no significant between-group differences in terms of beta ERS peak amplitude.

ª 2016 The Authors. Brain and Behavior published by Wiley Periodicals, Inc. Brain and Behavior, doi: 10.1002/brb3.433 (5 of 8)

C.-H. Cheng et al. Somatosensory Responses in Patients with WC



in patients with WC, in line with previous MEG research

(Cimatti et al. 2007). Interestingly, high-frequency oscilla-

tions, usually defined as frequencies higher than 400 Hz,

were found to be reduced and disorganized, suggesting

desynchronized bursting of cortical neural assemblies

(Cimatti et al. 2007). Owing to the insufficient sampling

rates of online recordings, we were impeded to explore

this component. With regards to beta ERS of SI, this

study further extended previous sensor-based analysis

(Tseng et al. 2014) and indicated the nonsignificant dif-

ferences in cortical power strength of beta ERS between

WC and HC. Taken together, these data suggest that the

altered spatial representations of digits do not necessarily

affect SI cortical reactivity.

The electrophysiological studies of SII regions in

patients with WC are limited. SII regions are located deep

in the Sylvian fissure, and their neurophysiological func-

tion is not well-disclosed. It has been considered that SII

is involved in the higher hierarchy of somatosensory

functioning, such as sensorimotor integration, perception

of unified body image, and pain perception (Lin and

Forss 2002). In the studies of SII reactivity in patients

with focal hand dystonia, Dolberg and colleagues have

reported increased amplitudes of SIIc in response to high

rate (3 Hz) of tactile stimulation on the unaffected hands.

In contrast, the response amplitudes of SIIc and SIIi were

comparable between groups at low rate (0.5 Hz) stimula-

tion (Dolberg et al. 2011). Our experimental design of a

3-sec ISI (0.33 Hz), also considered as low rate stimula-

tion, demonstrated findings with similar SII cortical acti-

vation between HC and WC.

Functional connectivity, as indexed by cortical coherence

in this study, was determined by evaluating the inter-regio-

nal oscillatory coupling in the identified 3 ROIs associated

with somatosensory processing. We found statistically

reduced theta and alpha cortical coherence of SI–SIIi, as
well as reduced alpha and beta cortical coherence of SIIc–
SIIi in patients with WC. Functional magnetic resonance

imaging (MRI) studies combined with dynamic causal

modeling analyses have shown serial interhemispheric con-

nectivity (SIIc–SIIi) in the somatosensory cortex (Chung

et al. 2014; Khoshnejad et al. 2014), in line with the present

coherence results. However, the functional MRI data did

not detect significant direct modulation between SI and

SIIi. The current findings of disturbed coherence of SI–SIIi
in WC might be mediated by abnormalities through indi-

Figure 3. Cortical coherence of theta (5–7 Hz), alpha (8–12 Hz), beta (13–30 Hz), and gamma (31–50 Hz) oscillations in HC and WC groups. For

each frequency band, the functional connectivity between SI and SIIc (SI–SIIc) is stronger than that between SI and SIIi (SI–SIIi), as well as that

between SIIc and SIIi (SIIc–SIIi). Patients with WC show specific reduction in SI–SIIi coherence in the theta and alpha frequency bands, and SIIc–SIIi

coherence in the alpha and beta frequency band (*p < 0.05, **p < 0.01).
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rect pathways, such as through SIIc. Inspection from the

neurophysiological recordings, the earliest SI activation

typically peaks at 20 msec after the stimulus onset. The

longer latency SII responses usually peak at ~60 to

150 msec. This profile agrees with serial processing of

somatosensory information from contralateral SI to SII,

and then to the SII area of the opposite (ipsilateral) hemi-

sphere (Allison et al. 1989; Forss et al. 1994). Taken

together, these results suggest that somatosensory dysfunc-

tion may stem specifically from integration of relevant

brain areas associated with somatosensation.

One might argue the effects of BTX on the somatosen-

sory cortical responses. A previous blinded, randomized

controlled study has revealed that BTX did not modulate

early SEP components, such as N13, N20, or N30 (Con-

tarino et al. 2007). To further exclude the potential influ-

ences of this treatment, the SEP or SEF recordings usually

performed at least 2 to 3 months after the BTX injection

(Tamura et al. 2009; Dolberg et al. 2011). In this study,

only one patient received BTX treatment 3 months prior

MEG recordings, and thus it might not be expected to

produce apparent modification on SEF data.

In conclusion, by using MEG and time-frequency anal-

ysis, we confirmed and extended previous studies by pro-

viding evidence of reduced functional connectivity in the

somatosensory network in patients with WC. However,

the locally regional somatosensory cortical responses were

relatively preserved. These results imply that abnormal

neural coupling among somatosensory-associated regions

may contribute to the widespread sensory or sensorimo-

tor impairments in patients with WC.

Acknowledgments

This work was supported by Taipei Veterans General

Hospital (V104C-068, V104E9-004, V103C-062, V103E9-

003), Chang Gung Memorial Hospital (CMRPD1E0291),

Chang Gung University (BMRPE25), Healthy Aging

Research Center at Chang Gung University (EMRPD1

D0291, CMRPD1B0331, EMRPD1E1711), National Science

Council (NSC-102-2628-B-010-008-MY3, NSC-101-2314-

B-010-068-MY3), Ministry of Science and Technology

(MOST-104-2314-B-182-001-MY2), Taiwan.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

Allison, T., G. McCarthy, C. C. Wood, P. D. Williamson, and

D. D. Spencer. 1989. Human cortical potentials evoked by

stimulation of the median nerve. II. Cytoarchitectonic areas

generating long-latency activity. J. Neurophysiol. 62:711–
722.

Bara-Jimenez, W., M. J. Catalan, M. Hallett, and C. Gerloff.

1998. Abnormal somatosensory homunculus in dystonia of

the hand. Ann. Neurol. 44:828–831.
Berardelli, A., J. C. Rothwell, M. Hallett, P. D. Thompson, M.

Manfredi, and C. D. Marsden. 1998. The pathophysiology of

primary dystonia. Brain 121(Pt 7):1195–1212.
Cassim, F., C. Monaca, W. Szurhaj, J. L. Bourriez, L. Defebvre,

P. Derambure, et al. 2001. Does post-movement beta

synchronization reflect an idling motor cortex? NeuroReport

12:3859–3863.
Cheng, C. H., and Y. Y. Lin. 2013. Aging-related decline in

somatosensory inhibition of the human cerebral cortex. Exp.

Brain Res. 226:145–152.

Cheng, C. H., S. Baillet, F. J. Hsiao, and Y. Y. Lin. 2013.

Effects of aging on neuromagnetic mismatch responses to

pitch changes. Neurosci. Lett. 544:20–24.
Cheng, C. H., S. Baillet, F. J. Hsiao, and Y. Y. Lin. 2015a.

Effects of aging on the neuromagnetic mismatch detection

to speech sounds. Biol. Psychol. 104:48–55.

Cheng, C. H., P. Y. Chan, S. Baillet, and Y. Y. Lin. 2015b.

Age-related reduced somatosensory gating is associated with

altered alpha frequency desynchronization. Neural. Plast.

2015:302878.

Cheyne, D., W. Gaetz, L. Garnero, J. P. Lachaux, A. Ducorps,

D. Schwartz, et al. 2003. Neuromagnetic imaging of cortical

oscillations accompanying tactile stimulation. Brain Res.

Cogn. Brain Res. 17:599–611.

Chung, Y. G., S. W. Han, H. S. Kim, S. C. Chung, J. Y. Park,

C. Wallraven, et al. 2014. Intra- and inter-hemispheric

effective connectivity in the human somatosensory cortex

during pressure stimulation. BMC Neurosci. 15:43.

Cimatti, Z., D. P. Schwartz, F. Bourdain, S. Meunier, J. P.

Bleton, M. Vidailhet, et al. 2007. Time-frequency analysis

reveals decreased high-frequency oscillations in writer’s

cramp. Brain 130:198–205.

Contarino, M. F., J. J. Kruisdijk, L. Koster, B. W. Ongerboer

de Visser, J. D. Speelman, and J. H. Koelman. 2007. Sensory

integration in writer’s cramp: comparison with controls and

evaluation of botulinum toxin effect. Clin. Neurophysiol.

118:2195–2206.

Conte, A., L. Rocchi, G. Ferrazzano, G. Leodori, M. Bologna,

P. Li Voti, et al. 2014. Primary somatosensory cortical

plasticity and tactile temporal discrimination in focal hand

dystonia. Clin. Neurophysiol. 125:537–543.

Dolberg, R., L. B. Hinkley, S. Honma, Z. Zhu, A. M. Findlay,

N. N. Byl, et al. 2011. Amplitude and timing of

somatosensory cortex activity in task-specific focal hand

dystonia. Clin. Neurophysiol. 122:2441–2451.

Forss, N., R. Hari, R. Salmelin, A. Ahonen, M. Hamalainen,

M. Kajola, et al. 1994. Activation of the human posterior

parietal cortex by median nerve stimulation. Exp. Brain Res.

99:309–315.

ª 2016 The Authors. Brain and Behavior published by Wiley Periodicals, Inc. Brain and Behavior, doi: 10.1002/brb3.433 (7 of 8)

C.-H. Cheng et al. Somatosensory Responses in Patients with WC



Frasson, E., A. Priori, L. Bertolasi, F. Mauguiere, A. Fiaschi,

and M. Tinazzi. 2001. Somatosensory disinhibition in

dystonia. Mov. Disord. 16:674–682.
Gaetz, W., and D. Cheyne. 2006. Localization of sensorimotor

cortical rhythms induced by tactile stimulation using

spatially filtered MEG. NeuroImage 30:899–908.
Hallett, M. 2011. Neurophysiology of dystonia: the role of

inhibition. Neurobiol. Dis. 42:177–184.
Hari, R., N. Forss, S. Avikainen, E. Kirveskari, S. Salenius, and

G. Rizzolatti. 1998. Activation of human primary motor

cortex during action observation: a neuromagnetic study.

Proc. Natl Acad. Sci. USA 95:15061–15065.
Khoshnejad, M., M. Piche, S. Saleh, G. Duncan, and P.

Rainville. 2014. Serial processing in primary and secondary

somatosensory cortex: a DCM analysis of human fMRI data

in response to innocuous and noxious electrical stimulation.

Neurosci. Lett. 577:83–88.

Lin, Y. Y., and N. Forss. 2002. Functional characterization of

human second somatosensory cortex by

magnetoencephalography. Behav. Brain Res. 135:

141–145.

Lin, Y. Y., C. Simoes, N. Forss, and R. Hari. 2000. Differential

effects of muscle contraction from various body parts on

neuromagnetic somatosensory responses. NeuroImage

11:334–340.

Murase, N., R. Kaji, H. Shimazu, M. Katayama-Hirota, A.

Ikeda, N. Kohara, et al. 2000. Abnormal premovement

gating of somatosensory input in writer’s cramp. Brain 123

(Pt 9):1813–1829.

Pfurtscheller, G., G. Krausz, and C. Neuper. 2001. Mechanical

stimulation of the fingertip can induce bursts of beta

oscillations in sensorimotor areas. J. Clin. Neurophysiol.

18:559–564.

Quartarone, A., S. Bagnato, V. Rizzo, H. R. Siebner, V.

Dattola, A. Scalfari, et al. 2003. Abnormal associative

plasticity of the human motor cortex in writer’s cramp.

Brain 126:2586–2596.

Salmelin, R., M. Hamalainen, M. Kajola, and R. Hari. 1995.

Functional segregation of movement-related rhythmic

activity in the human brain. NeuroImage 2:237–243.
Scontrini, A., A. Conte, G. Defazio, M. Fiorio, G. Fabbrini, A.

Suppa, et al. 2009. Somatosensory temporal discrimination

in patients with primary focal dystonia. J. Neurol.

Neurosurg. Psychiatry 80:1315–1319.

Tadel, F., S. Baillet, J. C. Mosher, D. Pantazis, and R. M.

Leahy. 2011. Brainstorm: a user-friendly application for

MEG/EEG analysis. Comput. Intell. Neurosci. 2011:879716.

Tamura, Y., M. Matsuhashi, P. Lin, B. Ou, S. Vorbach, R.

Kakigi, et al. 2008. Impaired intracortical inhibition in the

primary somatosensory cortex in focal hand dystonia. Mov.

Disord. 23:558–565.
Tamura, Y., Y. Ueki, P. Lin, S. Vorbach, T. Mima, R. Kakigi, et al.

2009. Disordered plasticity in the primary somatosensory cortex

in focal hand dystonia. Brain 132:749–755.

Tecchio, F., F. Zappasodi, J. M. Melgari, C. Porcaro, E.

Cassetta, and P. M. Rossini. 2006. Sensory-motor

interaction in primary hand cortical areas: a

magnetoencephalography assessment. Neuroscience 141:533–

542.

Tecchio, F., J. M. Melgari, F. Zappasodi, C. Porcaro, D.

Milazzo, E. Cassetta, et al. 2008. Sensorimotor integration in

focal task-specific hand dystonia: a

magnetoencephalographic assessment. Neuroscience

154:563–571.

Tinazzi, M., A. Priori, L. Bertolasi, E. Frasson, F. Mauguiere,

and A. Fiaschi. 2000. Abnormal central integration of a dual

somatosensory input in dystonia. Evidence for sensory

overflow. Brain 123(Pt 1):42–50.

Tinazzi, M., T. Rosso, and A. Fiaschi. 2003. Role of the

somatosensory system in primary dystonia. Mov. Disord.

18:605–622.
Tseng, Y. J., R. S. Chen, W. Y. Hsu, F. J. Hsiao, and Y. Y. Lin.

2014. Reduced motor cortex deactivation in individuals who

suffer from writer’s cramp. PLoS One 9:e97561.

Brain and Behavior, doi: 10.1002/brb3.433 (8 of 8) ª 2016 The Authors. Brain and Behavior published by Wiley Periodicals, Inc.

Somatosensory Responses in Patients with WC C.-H. Cheng et al.


