
SummarySummary It was first suggested thatItwas first suggested that

disorderedproprioceptionwas a coredisorderedproprioceptionwas a core

feature of schizophrenia by Sandor Radofeature of schizophrenia by Sandor Rado

in1953.Usinga recentlydesignedin1953.Usinga recentlydesigned

proprioceptive event-relatedpotentialproprioceptive event-relatedpotential

paradigmbased on a change of load, weparadigmbased on a change of load, we

studied12 unmedicatedmale out-patientsstudied12 unmedicatedmale out-patients

with schizophrenia and 24 controls.In thewith schizophrenia and 24 controls.In the

patients, the earlycontralateralparietalpatients, the earlycontralateralparietal

activity was delayed and later centralactivitywas delayed and latercentral

activityhad increased amplitude, butactivityhad increased amplitude, but

gatingwasunaffected.Theresults couldbegatingwasunaffected.Theresults couldbe

understoodwithin the‘deficiencyofunderstoodwithinthe‘deficiencyof

corollarydischarge’model ofcorollarydischarge’model of

schizophrenia butnotwithinthe‘filtering’schizophrenia butnotwithin the‘filtering’

theory.Further studies, includingtheory.Further studies, including

psychiatric controls, are necessary topsychiatric controls, are necessary to

verify the specificityof the abnormality.verify the specificityofthe abnormality.
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In 1953, proprioceptive malfunctionIn 1953, proprioceptive malfunction

was proposed as a core feature of schizo-was proposed as a core feature of schizo-

phrenia by Sandor Rado (Rado, 1953). Itphrenia by Sandor Rado (Rado, 1953). It

was this hypothesis that spurred thewas this hypothesis that spurred the

development of a new method to investi-development of a new method to investi-

gate proprioceptive information processinggate proprioceptive information processing

through electroencephalographic event-through electroencephalographic event-

related potentials (Arnfredrelated potentials (Arnfred et alet al, 2000)., 2000).

A brisk change of load on a hand-heldA brisk change of load on a hand-held

handle elicits a proprioceptive event-relatedhandle elicits a proprioceptive event-related

potential consisting of an early contralateralpotential consisting of an early contralateral

component (P60/N70) followed by the morecomponent (P60/N70) followed by the more

central orienting response componentscentral orienting response components

(N160-P200) and, when associated with(N160-P200) and, when associated with

an experimental task, also late cognitivean experimental task, also late cognitive

components (P360) (Arnfred, 2005).components (P360) (Arnfred, 2005).

Previous event-related potential re-Previous event-related potential re-

search in schizophrenia has followed twosearch in schizophrenia has followed two

directions. The early cortical processing ofdirections. The early cortical processing of

stimuli has been investigated using passivestimuli has been investigated using passive

paradigms such as the auditory P50 gatingparadigms such as the auditory P50 gating

paradigm, whereas later processing hasparadigm, whereas later processing has

been examined in active cognitive tasks.been examined in active cognitive tasks.

Similarly, we investigated proprioceptiveSimilarly, we investigated proprioceptive

event-related potentials in a passive para-event-related potentials in a passive para-

digm of paired stimuli and an active taskdigm of paired stimuli and an active task

paradigm requiring the participants to dis-paradigm requiring the participants to dis-

criminate between weight loads. Becausecriminate between weight loads. Because

deficient auditory P50 gating and attenu-deficient auditory P50 gating and attenu-

ated auditory P300 amplitude are wellated auditory P300 amplitude are well

documented in schizophrenia (Braff &documented in schizophrenia (Braff &

Light, 2004) we expected correspondingLight, 2004) we expected corresponding

deficits in the proprioceptive event-relateddeficits in the proprioceptive event-related

potentials, i.e. decreased gating of the earlypotentials, i.e. decreased gating of the early

components and attenuated amplitude ofcomponents and attenuated amplitude of

the late target-related components.the late target-related components.

METHODMETHOD

The study was approved by the local ethicsThe study was approved by the local ethics

committee and all participants gave writtencommittee and all participants gave written

informed consent. We studied 12 male pa-informed consent. We studied 12 male pa-

tients with schizophrenia and 24 healthytients with schizophrenia and 24 healthy

male controls. All participants were right-male controls. All participants were right-

handed. The patients were diagnosedhanded. The patients were diagnosed

according to DSM–IV criteria (Americanaccording to DSM–IV criteria (American

Psychiatric Association, 1994), using thePsychiatric Association, 1994), using the

Schedules for Clinical Assessment inSchedules for Clinical Assessment in

Neuropsychiatry (SCAN version 2.1; WingNeuropsychiatry (SCAN version 2.1; Wing

et alet al, 1990, 1998). Their level of psycho-, 1990, 1998). Their level of psycho-

pathology was rated with the Scales for thepathology was rated with the Scales for the

Assessment of Positive and Negative Symp-Assessment of Positive and Negative Symp-

toms (SAPS and SANS; Andreasen, 1984toms (SAPS and SANS; Andreasen, 1984aa,,bb).).

The age-range of the patients wasThe age-range of the patients was

18–49 years (mean 33.8; s.d.18–49 years (mean 33.8; s.d.¼9.0) and of9.0) and of

the controls was 19–54 years (mean 29.3;the controls was 19–54 years (mean 29.3;

s.d.s.d.¼7.9); the difference was not significant.7.9); the difference was not significant.

The duration of illness ranged from 0.5 toThe duration of illness ranged from 0.5 to

23 years (mean 9.5; s.d.23 years (mean 9.5; s.d.¼8.7; median 8.5)8.7; median 8.5)

and the cumulative length of treatmentand the cumulative length of treatment

periods with antipsychotic medicationperiods with antipsychotic medication

ranged from 1 to 28 months (mean 9.7;ranged from 1 to 28 months (mean 9.7;

s.d.s.d.¼9.8; median 6.5), apart from two9.8; median 6.5), apart from two

patients who were drug naıve. Thosepatients who were drug naı̈ve. Those

previously treated had been without medi-previously treated had been without medi-

cation for at least 1 month, the range beingcation for at least 1 month, the range being

1–210 months (mean 54.4; s.d.1–210 months (mean 54.4; s.d.¼72.2;72.2;

median 24). Mean positive symptom scoremedian 24). Mean positive symptom score

was 4.3 (s.d.was 4.3 (s.d.¼2.3), mean negative symp-2.3), mean negative symp-

toms score was 6.8 (s.d.toms score was 6.8 (s.d.¼4.5), disorganised4.5), disorganised

symptoms 2.9 (s.d.symptoms 2.9 (s.d.¼2.6) and total sum of2.6) and total sum of

scores 14.0 (s.d.scores 14.0 (s.d.¼4.0). Cognitive functions4.0). Cognitive functions

were assessed in both participant groupswere assessed in both participant groups

using the cognitive screening elements inusing the cognitive screening elements in

the SCAN (the Mini-Mental State Examin-the SCAN (the Mini-Mental State Examin-

ation, Oral Trail Making and Categoryation, Oral Trail Making and Category

Verbal Fluency), and through simpleVerbal Fluency), and through simple

reaction-time and cognitive load reaction-reaction-time and cognitive load reaction-

time measures obtained by the Californiatime measures obtained by the California

Computerized Assessment Battery (Miller,Computerized Assessment Battery (Miller,

1990). No significant differences were seen.1990). No significant differences were seen.

Proprioceptive evoked potentialsProprioceptive evoked potentials

We recorded evoked potentials at theWe recorded evoked potentials at the

following electrode positions: FP1, FP2,following electrode positions: FP1, FP2,

Fz, Cz, Pz, C3Fz, Cz, Pz, C3’’ and C4and C4’’, the last two placed, the last two placed

2 cm posterior to C3 and C4 above the2 cm posterior to C3 and C4 above the

somatosensory cortices. The proprioceptivesomatosensory cortices. The proprioceptive

stimuli were administered using a custom-stimuli were administered using a custom-

built device, which applied 100 g instanta-built device, which applied 100 g instanta-

neous changes to a vertical static loadneous changes to a vertical static load

(400 g) of a paddle which the participants(400 g) of a paddle which the participants

held freely in their hands with their wristsheld freely in their hands with their wrists

supported (Arnfredsupported (Arnfred et alet al, 2000)., 2000). To avoidTo avoid

fatigue and drowsiness, other experimentsfatigue and drowsiness, other experiments

and tasks were interspersed between theand tasks were interspersed between the

runs with the proprioceptive stimulus. Theruns with the proprioceptive stimulus. The

passive paired data were recorded in apassive paired data were recorded in a

mixed-method paradigm where a loop ofmixed-method paradigm where a loop of

three stimulus pairs lasted 12 s. The reportsthree stimulus pairs lasted 12 s. The reports

of the other stimulus pairs (auditory clicksof the other stimulus pairs (auditory clicks

and right median nerve stimulation) areand right median nerve stimulation) are

given elsewhere (Arnfredgiven elsewhere (Arnfred et alet al, 2003;, 2003;

Arnfred & Chen, 2004). The interstimulusArnfred & Chen, 2004). The interstimulus

interval between the paired load incrementsinterval between the paired load increments

was 1 s. After artefact rejection and base-was 1 s. After artefact rejection and base-

line correction, visual peak detection wasline correction, visual peak detection was

performed on the event-related potentialperformed on the event-related potential

waveforms. The latencies and amplitudeswaveforms. The latencies and amplitudes

of each of the components were analysedof each of the components were analysed

separately through repeated-measuresseparately through repeated-measures

analyses of variance.analyses of variance.

RESULTSRESULTS

Contrary to our expectations, we did notContrary to our expectations, we did not

observe significant deficits in proprio-observe significant deficits in proprio-

ceptive gating or attenuation of P300.ceptive gating or attenuation of P300.

Significant differences between the twoSignificant differences between the two

groups were observed only in the passivegroups were observed only in the passive
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paradigm and primarily at the first stimulusparadigm and primarily at the first stimulus

of the pair. The latency of contralateralof the pair. The latency of contralateral

parietal P60 was prolonged, i.e. left parietalparietal P60 was prolonged, i.e. left parietal

electrode: controls 63 ms, patients 69 ms aselectrode: controls 63 ms, patients 69 ms as

seen inseen in post-hocpost-hoc tt-tests (-tests (tt3232: 2.52,: 2.52, PP¼0.02),0.02),

Fig. 1. P200 amplitude was augmented atFig. 1. P200 amplitude was augmented at

the central and contralateral electrodes inthe central and contralateral electrodes in

the patients, maximal difference at vertex:the patients, maximal difference at vertex:

controls 4.45controls 4.45 mmV, patients 6.72V, patients 6.72 mmV (V (post-post-

hochoc tt3434: 2.40,: 2.40, PP¼0.02).0.02).

In the second stimulus of the passive para-In the second stimulus of the passive para-

digm, the frontal N70 amplitude was greaterdigm, the frontal N70 amplitude was greater

in the patients: controls 2.49in the patients: controls 2.49 mmV (s.d.V (s.d.¼0.98),0.98),

patients 3.22patients 3.22 mmV (s.d.V (s.d.¼0.92); (0.92); (post-hocpost-hoc tt3434::

772.14,2.14, PP¼0.04). Other components were0.04). Other components were

comparable between the two groups.comparable between the two groups.

DISCUSSIONDISCUSSION

The delayed latency of the initial activationThe delayed latency of the initial activation

of contralateral somatosensory cortex inof contralateral somatosensory cortex in

the patient group was an unexpected andthe patient group was an unexpected and

important finding, because the earlierimportant finding, because the earlier

stages of information processing are lessstages of information processing are less

influenced by top-down factors such asinfluenced by top-down factors such as

motivation and attention (Stephanmotivation and attention (Stephan et alet al,,

2006). The patients were stable without2006). The patients were stable without

medication and lived alone, so the latencymedication and lived alone, so the latency

difference cannot be attributed to floriddifference cannot be attributed to florid

psychosis or to medication. Cognitivepsychosis or to medication. Cognitive

impairment was not significant, and noimpairment was not significant, and no

general mental slowing was observed.general mental slowing was observed.

We suggest that the delayed activationWe suggest that the delayed activation

of contralateral somatosensory cortex atof contralateral somatosensory cortex at

P60 is the result of imprecision in theP60 is the result of imprecision in the

cortical response based on a diminished orcortical response based on a diminished or

unstable maintenance of proprioceptiveunstable maintenance of proprioceptive

readiness. Increased amplitude of the earlyreadiness. Increased amplitude of the early

contralateral activity of the electricallycontralateral activity of the electrically

induced somatosensory evoked potentialinduced somatosensory evoked potential

has been observed when attention is direc-has been observed when attention is direc-

ted at the hand of the stimulus, and this isted at the hand of the stimulus, and this is

assumed to be a manifestation of increasedassumed to be a manifestation of increased

cortical readiness for the side in focus.cortical readiness for the side in focus.

(Desmedt(Desmedt et alet al, 1984). In a situation of, 1984). In a situation of

voluntary isometric muscle contraction,voluntary isometric muscle contraction,

the cortical readiness could be attenuatedthe cortical readiness could be attenuated

if the corollary discharge signal preparingif the corollary discharge signal preparing

the sensory cortices for feedback was weakthe sensory cortices for feedback was weak

or unstable. This interpretation is in agree-or unstable. This interpretation is in agree-

ment with the hypothesis of a deficiencyment with the hypothesis of a deficiency

of corollary discharge in schizophreniaof corollary discharge in schizophrenia

(Frith(Frith et alet al, 2000). As the P60 latency is, 2000). As the P60 latency is

normalised at the second stimulus, the dif-normalised at the second stimulus, the dif-

ference is not owing to peripheral nerveference is not owing to peripheral nerve

transmission delay.transmission delay.

Although the augmented P200 ampli-Although the augmented P200 ampli-

tude at the first stimulus reflects an in-tude at the first stimulus reflects an in-

creased orienting response in the patients,creased orienting response in the patients,

in contrast to the commonly reportedin contrast to the commonly reported

attenuation of amplitude, this effect lendsattenuation of amplitude, this effect lends

support to our interpretation of diminishedsupport to our interpretation of diminished

cortical readiness where a less-expectedcortical readiness where a less-expected

stimulus elicits a larger orienting response.stimulus elicits a larger orienting response.

Our results support Rado’s originalOur results support Rado’s original

hypothesis of a proprioceptive defect,hypothesis of a proprioceptive defect,

whereas the lack of gating deficit is incon-whereas the lack of gating deficit is incon-

sistent with the ‘filtering’ theory. Thesistent with the ‘filtering’ theory. The

proposed weakening of proprioceptiveproposed weakening of proprioceptive

readiness could be understood as instabilityreadiness could be understood as instability

in feed-forward activations and, consider-in feed-forward activations and, consider-

ing the influence of proprioception on theing the influence of proprioception on the

formation of self-awareness (Aitken &formation of self-awareness (Aitken &

Trevarthen, 1997), it could be basic toTrevarthen, 1997), it could be basic to

anomalies of self-experience, which are fre-anomalies of self-experience, which are fre-

quent in schizophrenia. It is, however, per-quent in schizophrenia. It is, however, per-

tinent to verify this proposal in anothertinent to verify this proposal in another

study including psychiatric controls.study including psychiatric controls.

ACKNOWLEDGEMENTACKNOWLEDGEMENT

The stimulus-generating equipment was designedThe stimulus-generating equipment was designed
and built by S. Christoffersen, MSc., Department ofand built by S. Christoffersen, MSc., Department of
Medical Physiology,University of Copenhagen.Medical Physiology,University of Copenhagen.

REFERENCESREFERENCES

Aitken, K. J. & Trevarthen,C. (1997)Aitken, K. J. & Trevarthen,C. (1997) Self/otherSelf/other
organization in human psychological development.organization in human psychological development.
Development and PsychopathologyDevelopment and Psychopathology,, 99, 653^677., 653^677.

American Psychiatric Association (1994)American Psychiatric Association (1994) DiagnosticDiagnostic
and Statistical Manual of Mental Disordersand Statistical Manual of Mental Disorders (4th edn)(4th edn)
(DSM^IV).Washington,DC: APA.(DSM^IV).Washington,DC: APA.

Andreasen,N. (1984Andreasen, N. (1984aa)) Scale for Assessment of PositiveScale for Assessment of Positive
Symptoms (SAPS)Symptoms (SAPS). Iowa, IA: University of Iowa.. Iowa, IA: University of Iowa.

Andreasen,N. (1984Andreasen,N. (1984bb)) Scale for Assessment of NegativeScale for Assessment of Negative
Symptoms (SANS)Symptoms (SANS). Iowa, IA: University of Iowa.. Iowa, IA: University of Iowa.

Arnfred, S. M. (2005)Arnfred, S. M. (2005) Proprioceptive eventProprioceptive event
related potentials: gating and task effects.related potentials: gating and task effects. ClinicalClinical
NeurophysiolNeurophysiology,ogy, 116116, 849^860., 849^860.

Arnfred, S., Chen, A. C., Eder, D.Arnfred, S., Chen, A. C., Eder, D., et al, et al (2000)(2000)
Proprioceptive evoked potentials in man: cerebralProprioceptive evoked potentials in man: cerebral
responses to changing weight loads on the hand.responses to changing weight loads on the hand.
Neuroscience LettersNeuroscience Letters,, 288288, 111^114., 111^114.

Arnfred, S. M.,Chen, A. C., Glenthoj, B.Y.Arnfred, S. M.,Chen, A. C.,Glenthoj, B.Y., et al, et al
(2003)(2003) Normal p50 gating in unmedicated schizophreniaNormal p50 gating in unmedicated schizophrenia
outpatients.outpatients. American Journal of PsychiatryAmerican Journal of Psychiatry,, 160160,,
2236^2238.2236^2238.

Arnfred, S. M. & Chen, A. C. (2004)Arnfred, S. M. & Chen, A. C. (2004) Exploration ofExploration of
somatosensory P50 gating in schizophrenia spectrumsomatosensory P50 gating in schizophrenia spectrum
patients: reduced P50 amplitude correlates to socialpatients: reduced P50 amplitude correlates to social
anhedonia.anhedonia. Psychiatry ResearchPsychiatry Research,, 125125, 147^160., 147^160.

Braff, D. L. & Light,G. A. (2004)Braff, D. L. & Light,G. A. (2004) Preattentional andPreattentional and
attentional cognitive deficits as targets for treatingattentional cognitive deficits as targets for treating
schizophrenia.schizophrenia. PsychopharmacologyPsychopharmacology,, 174174, 75^85., 75^85.

Desmedt, J. E., Bourguet, M.,NguyenTran,H.Desmedt, J. E., Bourguet, M.,NguyenTran,H., et al, et al
(1984)(1984) The P40 and P100 processing positivities thatThe P40 and P100 processing positivities that
precede P300 closure in serial somatosensory decisionprecede P300 closure in serial somatosensory decision
tasks.tasks. Annals of the New York Academy of SciAnnals of the New York Academy of Sciences,ences, 425425,,
188^193.188^193.

Frith,C.D., Blakemore, S. J. & Wolpert, D.M. (2000)Frith,C.D., Blakemore, S. J. & Wolpert, D.M. (2000)
Abnormalities in the awareness and control of action.Abnormalities in the awareness and control of action.
Philosophical Transactions of the Royal Society of London,Philosophical Transactions of the Royal Society of London,
Series B: Biological SciencesSeries B: Biological Sciences,, 355355, 1771^1788., 1771^1788.

Miller, E. N. (1990)Miller, E.N. (1990) California Computerized AssessmentCalifornia Computerized Assessment
Battery (CalCAP) ManualBattery (CalCAP) Manual. Los Angeles,CA:Norland. Los Angeles,CA:Norland
Software.Software.

Rado, S. (1953)Rado, S. (1953) Dynamics and classification ofDynamics and classification of
disordered behaviour.disordered behaviour. American Journal of PsychiatryAmerican Journal of Psychiatry,, 110110,,
406^426.406^426.

Stephan, K. E., Baldeweg,T. & Friston, K. J. (2006)Stephan, K. E., Baldeweg,T. & Friston, K. J. (2006)
Synaptic plasticity and dysconnection in schizophrenia.Synaptic plasticity and dysconnection in schizophrenia.
Biological PsychiatryBiological Psychiatry,, 5959, 929^939., 929^939.

Wing, J. K., Babor,T., Brugha,T.Wing, J. K., Babor,T., Brugha,T., et al, et al (1990)(1990) SCAN.SCAN.
Schedules for Clinical Assessment in Neuropsychiatry.Schedules for Clinical Assessment in Neuropsychiatry.
Archives of General PsychiatryArchives of General Psychiatry,, 4747, 589^593., 589^593.

Wing, J. K., Sartorius, N. & Ustˇn,T. B. (1998)Wing, J. K., Sartorius, N. & U“ stˇn,T. B. (1998)
Diagnosis and Clinical Measurement in Psychiatry. ADiagnosis and Clinical Measurement in Psychiatry. A
Reference Manual for SCANReference Manual for SCAN.Cambridge: Cambridge.Cambridge: Cambridge
University Press.University Press.

5 5 95 5 9

AUTHOR’S PROOFAUTHOR’S PROOF

Fig. 1Fig. 1 Latency of contralateral parietal P60Latency of contralateral parietal P60

component of the proprioceptive event-relatedcomponent of the proprioceptive event-related

potential.COM, healthymale controls. SCH, malepotential.COM, healthymale controls. SCH, male

patients with schizophrenia.Two stimuli of a100gpatients with schizophrenia.Two stimuli of a100g

weight increment are presented1s apart.* Theweight increment are presented1s apart.* The

difference in latency is significant (difference in latency is significant (PP550.02) only in0.02) only in

the first stimulus of the pair.the first stimulus of the pair.
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