Neurowissenschaftliche Untersuchungen zur

Wechselwirkung von Sprache und Schmerz

Dissertation

zur Erlangung des akademischen Grades

doctor philosophiae (Dr. phil.)

vorgelegt dem Rat der Fakultat fir Sozial - und Verhaltenswissenschaften
der Friedrich -Schiller -Universitat Jena
von M. Sc., M. A. Christoph Brodhun

geboren am 18.10.1986 in Dresden



Gutachter

1. Prof. Dr. Thomas Weil3
2. Prof. Dr. | lona Croy

3. Prof. Dr. Winfried MeiRner

Tag der mundlichen Priufung:

13.03.2024



Inhaltsverzeichnis

L. ENNIEITUNG ottt 1
2. Theoretischer HINTErgrund .....ooooiiiiiie e 3
2.1, SChMErzVerarDEIUNG ........oviiiiiiiiiiiiiiii ittt e e eeees 3
2.2, WOIVEIAIDEITUNG ....eeeeeiieiiiiiiieeteee ettt ettt ettt et ettt et et e e et e eeeeeeeeeeeees 6
P T 111011 0T P PP O P PP PP PPPPPPPPPPPPP 8
3. HYPOINESEN . 10
N ¥ 1 o] 115 11T o ST 12
LT ¥ o] 1 1 o 19
6. PUDIKALION 3 .. 39
7. Zusammenfassende DISKUSSION  ......cooiiiiiiiiiiiiicei it 79
7.1, PrMINQEEKLE ....uii i e e 79
7.2. Elektrophysiologische Korrelate ..........ccoiiieoiiiiiiiiiiie e 84
8. Fazit UNd AUSDIICK ... 88
1 (=T 1L | PP PP PP PP PPPPPPPPPPPPP 92

Ehrenwortliche ErK TArUNG .....oovveeii e e e e e e e e e aaaeee 105



Einleitung

1. Einleitung

Das Erleben von Schmerz ist etwas Alltagliches. Haufig werden Schmerzerfahrungen von den
Betroffenen selbst oder von anderen Personen verbal begleitet. Es kommt zu Aussagen wie
ach konnte heulen vor Schmerzéoder &/as mich nicht umbringt, macht mich starkero6 Bereits
hier ist zu erkennen, dass der Umgang mit Schmerz und die verbale Begleitung dieser Erfah-
rung unterschiedlich ausfallen kdnnen. Die erste Aussage fokussiert die Schmerzerfahrung
und beschreibt sie als etwas Aversives, wogegen die zweite Aussage Aspekte des Wachstums
und der Starke betont.

Schmerz wird laut der Internationalen Gesellschaft zum Studium des Schmerzes (IASP) ver-
st a n d eaine anhngenghme sensorische und emotionale Erfahrung, die mit einer tatsach-
lichen oder mdglichen Gewebeschadigung verknlpft ist oder ihr ahneltfi(Raja et al. 2020). Aus
dieser Definition wird deutlich, dass Schmerz eine subjektive Empfindung ist, die neben einer
physischen Komponente auch eine affektive und eine kognitive Komponente umfasst. Es ist
dementsprechend von einer Zemotionale[n] Erfahrungfi  und v omdgliehénnGewebeA
sch2adigunghf die Rede. icRrsbeidér WahenehenunB von 3chnseezen s p
folglich eine grundlegende Rolle. Diese Prozesse sind z. B. in der arztlichen Praxis alltaglich.
Verschiedene Behandlungsverfahren, bspw. Impfungen, Blutabnahme oder Bohrungen am
Zahn, fihren zum Erleben von Schmerz. Dabei scheinen Bahnungseffekte 1 oder Primingef-
fekte i von wesentlicher Bedeutung zu sein (von Wachter 2012). Primingeffekte kommen zu-
stande, wenn vorhergehende Stimuli Gedachtnisinhalte aktivieren und dadurch nachfolgende
Reize beeinflussen (Tulving und Schacter 1990).

Vor diesem Hintergrund ergibt sich die Frage, welche Interaktion zwischen dem Schmerzerle-
ben und der verbalen Begleitung dieses Erlebens besteht. Gibt es Auswirkungen von verbaler
Schmerzbeschreibung auf das Schmerzerleben? Wie beeinflusst andersherum das Schmerz-

erleben verbale AuRerungen? Derartige Prozesse sollen in der vorliegenden Arbeit untersucht
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werden und so soll ein Beitrag zum Verstandnis von akuten Schmerzen und deren Wechsel-
wirkung mit Sprache geleistet werden.

Im folgenden Kapitel werden theoretische Voriiberlegungen prasentiert. Dabei werden zu-
nachst grundsatzliche Mechanismen der Schmerz- und Wortverarbeitung dargestellt. Danach
wird auf das fir diese Arbeit zentrale Konzept des Primings eingegangen, bevor die Hypothe-
sen abgeleitet und die Studien, die der Untersuchung dieser Hypothesen dienen, prasentiert

werden. Abschlie3end erfolgt eine zusammenfassende Diskussion der Ergebnisse.
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2. Theoretischer Hintergrund

2.1. Schmerzverarbeitung

Bei der Aktivierung von Nozizeptoren, d. h. von schmerzspezifischen Rezeptoren, werden ver-
schiedene afferente Nervenfasern aktiviert. Die Weiterleitung zum Gehirn findet tber myelini-
sierte Bahnen mit mittlerer Leitungsgeschwindigkeit, die Adelta-Fasern, und tber nicht myeli-
nisierte Bahnen mit geringerer Leitungsgeschwindigkeit, die C-Fasern, statt (Weiss et al.
2008). Diese Signale werden im Gehirn in einem Zusammenspiel verschiedener Areale verar-
beitet, was eine Schmerzempfindung auslésen kann.

Die Theorie der Neuromatrix des Schmerzes (Melzack 1999) versucht, dieses komplexe Zu-
sammenspiel neuropsychologisch abzubilden. Darin wird ein heuronales Netzwerk postuliert,
das limbische, thalamokortikale und somatosensorische Gehirnstrukturen beinhaltet. Diese
verarbeiten parallel die affektiven, kognitiven und somatosensorischen Aspekte von Schmerz.
Das Ausmal der Aktivierung dieser Schmerzmatrix ist dabei individuell verschieden. Folgende
Hirnstrukturen kdnnen relativ zuverlassig der Schmerzmatrix zugeordnet werden: der insulare
Kortex, der Thalamus, der prafrontale Kortex, der anteriore zinguldre Kortex und der primare
sowie der sekundare somatosensorische Kortex (siehe bspw. Peyron, Laurent und Garcia-
Larrea 2000 oder Tracey 2011). Den verschiedenen Strukturen werden dabei unterschiedliche
Funktionen wahrend der Schmerzverarbeitung zugewiesen. Der insuldre Kortex ist wahr-
scheinlich zentral flr sensorisch-integrative, kognitive, emotionale und gedéachtnisbezogene
Prozesse der Schmerzverarbeitung (Apkarian, Bushnell, Treede und Zubieta 2005). Dem praf-
rontalen Kortex werden Funktionen im Rahmen der affektiven Bewertung von sensorischen
Reizen, der Verteilung von Aufmerksamkeit, des Arbeitsgedachtnisses, der Planung und Steu-
erung zielgerichteten Verhaltens sowie der Generierung, Aufrechterhaltung und Integration
von schmerzbezogenen Erwartungen zugeschrieben (Bingel, Schoell und Biichel 2007; Wiech

2016). Der anteriore zinguldre Kortex ist maf3geblich fur die kognitiven Anteile der
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Schmerzverarbeitung, wie Arbeitsgedachtnisprozesse und Stimuluserkennung (Biichel et al.
2002), sowie fir die Verarbeitung emotionaler schmerzbezogener Reaktionen zustandig (Vogt
2005). Der priméare und der sekundare somatosensorische Kortex sind vermutlich fiir senso-
risch-diskriminative Funktionen wie Lokalisierung, Diskriminierung der Qualitéat und Einschét-
zung der Stimulusintensitat verantwortlich (Weiss, Miltner, Liepert, Meissner und Taub 2004).
All diese Hirnregionen spielen bei der Verarbeitung von Schmerzen eine wesentliche Rolle.
Erst ihr Zusammenspiel und die Interaktion mit anderen Verarbeitungsstrukturen lassen eine
Schmerzwahrnehmung entstehen (Tracey 2011; Wiech 2016).

Bezlglich der zeitlichen Ablaufe der Schmerzverarbeitung fanden EEG-Studien (Elektroenze-
phalogramm) zur Verarbeitung von Schmerzreizen spezifische Aktivierungsmuster in den Wel-
len N1, N2 und P2. Die N1 scheint dabei auf frihe Verarbeitungsprozesse von Schmerzreizen
hinzudeuten, wahrend die N2 und die P2 spatere Verarbeitungsschritte der Schmerzwahrneh-
mung und -bewertung darstellen (siehe bspw. Lee, Mouraux und lannetti 2009).

Die Wahrnehmung von Schmerz basiert nicht nur auf Signalen, die durch Schmerzreize aus-
geldst werden, sondern auch auf deren neuronaler Integration mit verschiedenen Kontextin-
formationen, z. B. dem Aufmerksamkeitsfokus, der Motivationslage, den Erwartungen oder
dem emotionalen Zustand (siehe bspw. Miltner und Weiss 2000; Van Damme, Legrain, Vogt
und Crombez 2010; Villemure und Bushnell 2002; Wiech 2016). Diesen Kontextinformationen
scheint bei der Schmerzwahrnehmung eine gré3ere Rolle zuzukommen als in anderen Wahr-
nehmungsmodalitaten (Ploner, Sorg und Gross 2017). Beispielsweise kann durch die Modu-
lation schmerzbezogener Erwartungen die Wahrnehmung nachfolgender Schmerzreize im
Sinne von Placebo- oder Nocebo-Effekten beeinflusst werden. Bei Patienten mit einem
schmerzhaften Reizdarmsyndrom konnten deutlich reduzierte Schmerzratings und eine
schwachere Aktivierung schmerzrelevanter Hirnstrukturen festgestellt werden, wenn sie tUber-
zeugt waren, wirksam medikamentiert worden zu sein, obwohl sie ein Placebo erhalten hatten
(Price, Craggs, Verne, Perlstein und Robinson 2007). Andererseits konnte gezeigt werden,
dass die analgetische Wirkung von Schmerzmedikamenten bei Patienten nach chirurgischen
Eingriffen deutlich verringert wird, wenn durch das Krankenhauspersonal bei den Patienten

4



Theoretischer Hintergrund

die Erwartung induziert wird, die Medikation sei wirkungslos (Wang et al. 2008). Die Erwartung
eines Schmerzstimulus erhoht die Aktivitat im anterioren zingularen Kortex und fihrt zu einer
starkeren Wahrnehmung nachfolgender Schmerzreize (Keltner et al. 2006; Straube, Schmidt,
Weiss, Mentzel und Miltner 2009). Andererseits wurden auch analgetische Effekte bei der In-
duktion von positiven Erwartungen gefunden (Wiech et al. 2008).

Ebenso kdnnen emotionale Zustadnde Auswirkungen auf die Verarbeitung von Schmerzreizen
haben (siehe bspw. Klossika et al. 2006; Villemure und Schweinhardt 2010; Wiech und Tracey
2009). Menschen mit einer Depression, die eine dauerhafte Veréanderung des emotionalen
Zustandes bedeutet, leiden haufiger unter Schmerzen (Williams, Jacka, Pasco, Dodd und Berk
2006). Bei akuter Stimulation mit ischamischen Schmerzen berichten Menschen mit Depres-
sionen hdéhere Schmerzratings als gesunde Kontrollpersonen (Baer et al. 2005; Baer et al.
2007). Auch kurzfristige Veranderungen des emotionalen Zustandes koénnen die
Schmerzwahrnehmung beeinflussen. Die neurobiologische Grundlage zur Erklarung dieser
Effekte bildet einerseits Hebbs Theorie der assoziativen neuronalen Netzwerke (Hebb 1949)
und andererseits Langs Theorie des emotionalen Primings (Lang 1995). Beide Theorien wer-

den im Kapitel 2.3. genauer vorgestellt.
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2.2. Wortverarbeitung

In der vorliegenden Arbeit soll die Wechselwirkung von Schmerz und Sprache untersucht wer-
den. Nachdem im vorhergehenden Abschnitt neuropsychologische Grundlagen zur
Schmerzwahrnehmung und -verarbeitung beschrieben wurden, soll nun die Wortwahrneh-
mung und -verarbeitung genauer betrachtet werden.

Visuell prasentierte semantische Stimuli werden in mehreren Schritten neuronal verarbeitet.
100 bis 200 ms nach dem Beginn der Prasentation eines Wortes werden orthografische Merk-
male analysiert (Hauk, Shtyrov und Pulvermiller 2008). Der semantische Zugriff und das Wort-
verstehen finden im Zeitraum von 200 bis 300 ms statt, gefolgt von Aufmerksamkeitsprozes-
sen und Analysen des Kontextes im Zeitraum von 300 bis 400 ms (Friederici 2011; Kissler,
Assadollahi und Herbert 2006; Rayner und Clifton 2009). Danach, im Zeitraum von 450 bis
1000 ms und spater, erfolgt eine weitere Verarbeitung in Form des Abrufens von Gedachtnis-
inhalten und der Aktivierung von Verhaltensantworten (Barber, Kousta, Otten und Vigliocco
2010; Kissler et al. 2006; Sereno, Rayner und Posner 1998).

In Abhangigkeit von der Valenz der prasentierten Woérter kommt es zu unterschiedlichen Ver-
arbeitungsintensitaten, die sich in verschiedenen elektrophysiologischen Aktivierungsmustern
widerspiegeln (fir eine Ubersicht siehe Citron 2012 oder Kissler et al. 2006). Fir frihe Poten-
tiale wie N1, P2 und P3 ist die Studienlage diesbezlglich unklar. Einige Studien zeigen gro-
Rere Amplituden in N1 (Hofmann, Kuchinke, Tamm, V8, und Jacobs 2009) und P3 (Hinojosa,
Carretié, Valcarcel, Méndez-Bértolo und Pozo 2009) fiir neutrale Wérter im Gegensatz zu ne-
gativ oder positiv valenten Wértern. Andere Studien zeigen das Gegenteil fir N1 (Espuny et
al. 2018; Knost, Flor, Braun und Birbaumer 1997; Scott, O6Donnel und Seteeaout ho |l d
2009), P2 (Herbert, Kissler, Junghdfer, Peyk und Rockstroh 2006; Pauligk, Kotz und Kanske
2019; Schacht und Sommer 2009a) und P3 (Bayer, Sommer und Schacht 2010; Herbert et al.
2006). Mehrere Studien fanden keine Effekte der Valenz auf N1 (Herbert et al. 2006; Herbert,
Junghdfer und Kissler 2008), P2 (Carretié et al. 2008; Sitges et al. 2007) oder P3 (Sass et al.

2010; Scott et al. 2009; Sitges et al. 2007). Dagegen zeigt sich bei spateren Potentialen wie
6
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der N400 oder dem LPC (late positive complex) ein klareres Bild. Meist haben Waorter mit
emotionaler Valenz im Vergleich zu neutralen Wortern grol3ere Amplituden in N40O (Herbert
et al. 2008; Schacht und Sommer 2009a; Schacht und Sommer 2009b) und LPC (Carretié et
al. 2008; Hinojosa, Méndez-Bértolo und Pozo 2010; Kanske und Kotz 2007; Kissler und Brom-
berek-Dyzman 2021; Pauligk et al. 2019; Schacht und Sommer 2009a) zur Folge. Spate Po-
tentiale scheinen emotional valente Prozesse, die auch durch schmerzassoziierte Reize aus-
geldst werden, besser zu reprasentieren als friihe. Allerdings ist die Studienlage diesbeziiglich
eher uneindeutig und fragmentarisch. Das gilt besonders flir mégliche differentielle Effekte von
schmerzassoziierten Wortern im Vergleich zu negativen, nicht schmerzassoziierten Wortern.
Da es sich hierbei um Prozesse mit einer schnellen temporalen Abfolge handelt, bieten sich
aufgrund der hohen zeitlichen Auflésung EEGs als Messmethode an.

Im vorhergehenden Abschnitt zur Schmerzverarbeitung wurden bereits verschiedene Gehirn-
areale beschrieben, die wahrend der Schmerzverarbeitung aktiviert werden. Es konnte wie-
derholt gezeigt werden, dass die Prasentation schmerzassoziierter Worter Aktivierungen in
ebendiesen Arealen auslésen (Eck, Richter, Straube, Milther und Weiss 2011; Richter, Eck,
Straube, Miltner und Weiss 2010). Bei der Betrachtung schmerzassoziierter Worter werden im
Gegensatz zu Wortern anderer Kategorien v. a. die Areale anteriorer zingularer Kortex, praf-
rontaler Kortex, primarer somatosensorischer Kortex und der Thalamus aktiviert. Das ent-
spricht einer umfangreichen Aktivierung der Schmerzmatrix nicht nur durch Schmerzreize,
sondern auch durch schmerzassoziierte verbale Reize. Die theoretische Grundlage dafir wird

im néchsten Abschnitt genauer beschrieben.
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2.3. Priming

Wie oben bereits angesprochen, basiert die vorliegende Arbeit auf zwei neurowissenschaftli-
chen Theorien: Hebbs Theorie der assoziativen neuronalen Netzwerke (Hebb 1949) und
Langs Theorie des emotionalen Primings (Lang 1995). Laut Hebb reagieren Neuronenver-
bande umso eher aufeinander, je haufiger sie gleichzeitig aktiviert werden. Es kommt demnach
zu einer Verschaltung funktional &hnlicher Hirnareale. Wie oben bereits beschrieben, aktivie-
ren bspw. Schmerzreize und schmerzassoziierte verbale Reize dieselben Hirnareale (Eck et
al. 2011; Richter et al. 2010). Priming bezeichnet dabei eine implizite Form des Ged&chtnisses,
wobei durch die Aktivierung eines Neuronenverbandes innerhalb eines neuronalen Netzwer-
kes eine Voraktivierung oder Bahnung weiterer Areale innerhalb des Netzwerkes erfolgt
(Tulving und Schacter 1990). Ein voraktivierender Stimulus, der Prime, beeinflusst die Verar-
beitung eines nachfolgenden assoziierten Reizes, des Targets. Beim emotionalen Priming
werden durch emotional valente Reize entsprechende affektive Netzwerke voraktiviert, wah-
rend beim schmerzassoziierten Priming durch schmerzassoziierte oder noxische Reize
schmerzassoziierte Netzwerke voraktiviert werden. Je nach Valenz und Arousal der vorakti-
vierten Emotion fuhrt das zu appetitiven oder aversiven Verhaltens- und Bewertungsdispositi-
onen, die dann die Wahrnehmung und Verarbeitung der Targetreize beeinflussen (Lang 1995).
Schmerzassoziierte Reize haben meist auch eine emotionale Komponente, d. h. eine negative
Valenz, weshalb die Konzepte des emotionalen und schmerzassoziierten Primings eng mitei-
nander verbunden sind.

Es existiert eine Vielzahl von Studien, die zeigen, dass verschiedene Stimuli die Wahrneh-
mung nachfolgender Schmerzreize im Sinne eines emotionalen Primings beeinflussen. So
verstarkt die Prasentation von negativ valenten Bildern oder Filmsequenzen wahrend der Ap-
plizierung von Schmerzen die Wahrnehmung dieser schmerzhaften Reize (de Wied und Ver-
baten 2001; Meagher, Arnau und Rhudy 2001; Rhudy et al. 2005; Weisenberg, Raz und Hener
1998). Im Rahmen von EEG-Studien konnte gezeigt werden, dass die Prasentation unange-

nehmer Bilder im Vergleich zu angenehmen Bildern bei gleichzeitiger Schmerzreizung héhere

8
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Amplituden der somatosensorischen Potentiale N150 nach sich zieht (Kenntner-Mabiala und
Pauli 2005; Montoya und Sitges 2006). Weiterhin konnte nachgewiesen werden, dass auch
negativ valente akustische (Roy, Peretz und Rainville 2008) und olfaktorische Reize (Vil-
lemure, Slotnick und Bushnell 2003) das Schmerzerleben beeinflussen. Bei der Schmerzmo-
dulation durch negativ valente Reize kommt es zu einer Aktivierung der oben beschriebenen
Areale der Schmerzmatrix, des insularen Kortex, des prafrontalen Kortex, des anterioren zin-
gularen Kortex und des primaren und sekundaren somatosensorischen Kortex (Ploner, Lee,
Wiech, Bingel und Tracey 2011; Roy, Piche, Chen, Peretz und Rainville 2009; Villemure und
Bushnell 2009). Das konnte auch flr schmerzassoziierte Worter gezeigt werden (Gu und Han
2007; Richter et al. 2010). Betrachten Personen Bilder mit schmerzbezogenen mimischen
Ausdriicken, so sind ahnliche Hirnregionen aktiv wie bei tatsachlicher Schmerzstimulation
(Botvinick et al. 2005; Simon, Craig, Miltner und Rainville 2006). Schmerzbezogene Bilder
fuhren im Vergleich zu nicht schmerzbezogenen zu einer starkeren subjektiven Schmerzwahr-
nehmung und im EEG zu einer Erhéhung spater ereigniskorrelierter Potentiale (Arnold et al.
2008; Godinho, Magnin, Frot, Perchet und Garcia-Larrea 2006).

Der Effekt von verbalen Primes auf die Schmerzwahrnehmung und speziell der differentielle
Effekt von schmerzassoziierten vs. negativen, nicht schmerzassoziierten Wdértern wurde bis-
her kaum untersucht. AuRerdem stellt sich die Frage, ob schmerzassoziiertes Priming auch in
Gegenrichtung stattfindet. Zu diesem Effekt von schmerzhaften Primes auf die Valenzbewer-
tung von Wortern gibt es bisher keine verdffentlichten Studien. Auch hier stellt sich die Frage,
ob es sich um einen spezifischen schmerzwortassoziierten Effekt im Sinne eines schmerzas-
soziierten Primings handelt oder ob der Effekt lediglich im Rahmen des emotionalen Primings

auftritt.
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3. Hypothesen

Basierend auf der Theorie assoziativer neuronaler Netzwerke und der Theorie des emotiona-
len Primings sollen einerseits Effekte von verbalen Primes auf die Wahrnehmung nachfolgen-
der Schmerzreize und andererseits die neuronalen Grundlagen bei der Verarbeitung emotio-
naler und schmerzassoziierter Worter nach Schmerzreizung untersucht werden. Geschrie-
bene Warter scheinen im Gegensatz zu Bildern oder Gerauschen am besten geeignet zu sein,
semantische Informationen abzurufen (Dorjee, Devenney und Thierry 2010). Deshalb werden
in den hier dargelegten Untersuchungen geschriebene Warter verwendet.

Aufbauend auf den theoretischen Voruberlegungen soll zunachst die Frage geklart werden,
ob verbale Primes die Schmerzratings nachfolgend applizierter Schmerzreize beeinflussen. In
Bezug auf Langs Theorie des emotionalen Primings (Lang 1995) sollte diese Beeinflussung
verstarkt bei negativ valenten Wortern auftreten. Aufbauend auf Hebbs Theorie der assoziati-
ven neuronalen Netzwerke (Hebb 1949) ist zu erwarten, dass innerhalb der Kategorie der ne-
gativ valenten Worter die Effekte fir schmerzassoziierte Worter starker ausfallen im Vergleich
Zu negativen, nicht schmerzassoziierten Wértern. In einem weiteren Schritt soll aufbauend auf
den oben ausgefiihrten Uberlegungen die entgegengesetzte Wirkrichtung untersucht werden,
d. h., in welchem Ausmal3 Schmerzreize die Wahrnehmung nachfolgender sprachlich-seman-
tischer Stimuli beeinflussen. Dabei sollen die Auswirkungen auf verschiedene Wortkategorien
und deren Valenzbewertung untersucht werden. Hier soll auch beobachtet werden, welche
hirnelektrischen Veranderungen damit verbunden sind. Inshesondere die Auswirkungen von
Schmerzreizen auf die Wahrnehmung und Bewertung von schmerzbeschreibenden Wértern

im Gegensatz zu negativen, nicht schmerzassoziierten Wdortern werden im Fokus stehen.

Folgende Hypothesen werden formuliert:
1. Schmerzreize werden intensiver empfunden bei vorheriger Prasentation von negativ

valenten Wortern im Gegensatz zu neutralen Wortern.

10
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Dieser Effekt auf die Schmerzratings ist strker ausgepréagt fir schmerzassoziierte
Worter als fur negative, nicht schmerzassoziierte Worter.

Nach der Stimulation mit Schmerzreizen werden nachfolgend prasentierte negativ va-
lente Worter im Gegensatz zu neutralen Wortern negativer bewertet als ohne vorher-
gehende Schmerzreizung.

Dieser Effekt auf die Valenzratings ist starker ausgepragt fir schmerzassoziierte Wor-
ter als fiir negative, nicht schmerzassoziierte Wérter.

Die elektrophysiologischen Korrelate, v. a. in spaten Potentialen wie N400 und LPC,
spiegeln die in den Hypothesen 3 und 4 angefuihrten Effekte auf neuronaler Basis wi-

der.

11
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4. Publikation 1

Titel: Pain -related and negative semantic priming enhances

perceived pain intensity

Autoren: Schroeter, C., Richter, M., Puensch, T., Straube, T., Hecht, H.,

Ritter, A., Miltner, W.H.R., Weiss, T.

Veroffentlicht 2014 in Pain Research & Management, 19, 691 74.
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ORIGINAL ARTICLE

Pain-related and negative semantic priming enhances
perceived pain intensity

Maria Richter PhD'2*, Christoph Schroeter MSc'*, Theresa Puensch MSc!, Thomas Straube PhD'+,
Holger Hecht MSc, Alexander Ritter MSc!, Wolfgang HR Miltner PhD, Thomas Weiss MD PhD'

M Richter, C Schroeter, T Puensch, et al. Pain-related and negative
semantic priming enhances perceived pain intensity. Pain Res
Manag 2014;19(2):69-74.

BACKGROUND: Negative affective and pain-related cues, such as pic-
tures or \N()rdh, hﬂ\-‘e het’,n 5}1()\\('11 to act as pl’imt’h ?‘“1(.‘ (;'l]l‘l'(lnctf the per-
ceived intensity of subsequent painful events. For pain-related semantic
primes, it remains unclear whether this effect depends on negative valence
itself or, specifically, on the pain-relatedness of the words.

OBJECTIVES: To investigate the effect of pain-related, negative affective
(pain-unrelated) and neutral semantic primes on the perception of subse-
quent noxious target stimuli.

METHODS: Pain ratings in tesponse to noxious electrical stimulation of
light and moderate intensity were examined in 39 healthy subjects after
Sllbjﬂc.ts were Expﬂhed to semantic primﬂ.‘i deifferﬁn[ meﬁnlng ‘rllld V:‘llﬂnﬂe
(pain-related, negative, positive and neutral adjectives) presented with
different interstimulus intervals (O ms, 300 ms and 1500 ms).

RESULTS: Increased pain ratings of noxious stimuli were observed fol-
lowing pain-related and negative compared with neutral primes.
DISCUSSION: The results support the motivational priming theory for
semantic stimuli, indicating that affectively negative semantic primes
increase subjective pain intensity. However, a specific pain-related priming
effect was not reliably demonstrated. Additionally, it is shown that experi-
mental parameters (ie, stimulus intensity and interstimulus interval) mod-
ify the extent of negative and pain-related semantic priming.
CONCLUSIONS: Verbal priming plays a role for the perception of nox-
ious stimuli in a time-dependent manner.

Key Words: Affective words; Electrical stimulation; Pain vatings; Pain words;
Semantic priming

L’amorcage sémantique lié 4 la douleur et
négatif favorise l'intensité percue de la douleur

HISTORIQUE : Il est démontré que des indices affectifs négatifs et liés a
la douleur, tels que des images ou des mots, agissent comme des amorces et
accroissent l'intensité pergue d’événements doulourcux subség
ce qui est des amorces sémantiques liées A la douleur, on ne sait pas

nts. Pour

st cet

effet dépend d’une valence négative ou, plus précisément, du lien des mots
avec la douleur.

OBJECTTFS : Examiner I'effer d’amorces sémantiques liées a la douleur,
affectives négatives (sans lien avec la douleur) et neutres sur la perception
de stimuli ciblés douloureux administrés par la suite.

METHODOLOGIE : Les chercheurs ont examiné les évaluations de la
douleur en réponse a une stimulation électrique doulourcuse d'intensité
légere 3 modérée chez 39 sujets en santé apris les avoir exposés 4 un amor-
¢age sémantique aux diverses significations et valences (adjectifs liés a la
douleur, nég: ifs, pnsitifﬁ et neutres), présenté a divers intervalles entre les
stimuli (O ms, 500 ms et 1 500 ms).

RESULTATS : Les chercheurs ont observé des évaluations plus élevées de

la douleur aprés des amorces lides & la douleur ou des amorces négatives par
rapport & des amorces neutres.

EXPOSE : Les résultats corroborent la théorie motivationnelle de
I'amorcage par stimuli sémantiques, selon laquelle des amorces sémantiques
négatives sur le plan affectif accroissent U'intensité subjective de la douleur.
Cependant, l'effet précis de 'amorgage lié i la douleur n’a pas été démontré
de maniére fiable. De plus, des paramétres expérimentaux, c’est-i-dire

Pintensité du stimulus et I'intervalle entre les stimuli, modifient I'étendue
de Pamorgage sémantique négatif et lié a la douleur.
CONCLUSIONS : Lamorgage verbal joue un réle dans la perception des

stimuli douloureux en fonction du temps.

he perception and processing of painful events is modulated by

environmental and interpersonal conditions such as attention,
anticipation and negative mood (1-7). In recent studies, different
affective states were induced by pictures, video sequences or odours
before noxious stimulation, showing that such negative emotional
priming is associated with enhanced physiological responses and
increased pain ratings to noxious target stimuli (8-12), accord-
ing to the assumptions of the motivational priming theory (13).
Furthermore, a larger negative priming effect was observed when
affective pictures were pain-related in comparison with neutral or
negarive, pain-unrelated pictures (14,15). Consequently, the concept
of associative memory networks that establish during synchron-
ization of cell assemblies (16) may provide an additional theoretical
background to explain pain-related priming (17,18). The process-
ing of action words activates a specific set of neurons including the
sensorimotor region of the body part involved in this action (19,20).
Accordantly, it was recently reported that pain-related words spe-
cifically activate several pain-processing brain regions (21-23). In
fact, written word primes induced the strongest cross-modal priming
effect, as indicated by enhanced P300 amplitudes (24). Accordingly,

larger P300 amplitudes of laser-evoked potentials were found during
pain-related compared with neutral semantic priming (25,26). These
observations indicate that using semantic primes may be a suitable
method to study the effects of priming within pain-associated neural
networks of the human brain. However, it remains unclear whether
the increased response to noxious stimuli following such primes is due
to the negative valence of primes or whether the pain relatedness of
such primes exerts a specific priming effect. It is also unclear whether
there is a modulating effect of stimulus intensity and interstimulus
interval (ISI) between prime and target stimulus. Recent studies have
solely investigated the effect of priming when noxious stimuli were
applied immediately after (10,27) or during (8,25,26,28) prime pres-
entation, and when pain was fixed to a single stimulus intensity (29).

The cortical processing of visually presented semantic stimuli can
be subdivided into several steps, beginning with the visual analysis of
orthographical features at approximately 100 ms to 200 ms after word
onset (30). Semantic access and comprehension were demonstrated to
be organized between 200 ms and 300 ms, and attention processes and
contextual analyses follow between 300 ms and 400 ms after stimulus
onset (31,32). Between 450 ms and 1000 ms or even later, sustained
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processing in memory structures and the organization of behavioural
responses to word stimuli have been suggested (31,33,34). Thus, the
prime is stressing working memory and initiates response selection.
Given that the central processing of visually presented semantic stim-
uli involves several distinct steps, the priming effect of those stimuli
on the processing of the succeeding noxious stimulus may critically
depend on the ISI between presented word and noxious stimulus.

Furthermore, the intensity of the noxious stimulus appears to be an
important moderator for the interaction between prime and stimulus.
Godinho et al (27) showed a distinct negative priming effect for
clearly painful electrical stimulation but not for lower stimulation
intensities slightly beyond the pain threshold. Kenntner-Mabiala and
Pauli (9) presented a significant affective priming effect of negative
pictures, compared with neutral pictures, for mild painful electrical
stimulation.

We hypothesized that both pain-related and negative pain-
unrelated primes increase the pain rating in response to subsequent
noxious stimuli compared with neutral primes. Furthermore, we
hypothesized that pain-related semantic primes compared with pain-
unrelated, negative primes further increase those pain ratings. We also
aimed to investigate whether these effects depend on the intensity of
noxious stimulation and on the duration of the ISI between prime and
noxious stimulus.

METHODS

Subjects

Thirty-nine right-handed healthy volunteers (19 female and 20 male,
mean [x SD| age 21.1£2.1 years) participated in the present experi-
ment. Participants were students recruited via announcements on
university billboards and mailing lists. All subjects were native
German speakers and provided informed consent for participation, in
accordance with to the Declaration of Helsinki. Subjects were free of
pain medication and were not experiencing any type of acute or
chronic pain. The Beck Depression Inventory (BDI-2) (35) was used
to assess depressive symptoms and a life pain questionnaire with Likert
scales (scores of Q to 10) was used to assess participants’ previous pain
experience. None of the subjects was excluded because of fulfilling the
a priori criteria of BDI-2 scores >18 or previous critical pain experi-
ences (eg, traumatic injurics or indices for chronic pain experiences).
The mean BDI-2 score was 6.65£3.07 and, according to an additional
clinical interview, none of the subjects showed depressive symptoms.

Pain stimuli

Electrical stimuli consisted of rectangular pulses (20 ms duration)
generated by a constant current stimulator (DSTH; Digitimer, United
Kingdom). Intracutancous stimuli were applicd to the tip of the mid-
dle finger of the left hand (3,5,36,37); an isclated golden pin electrode
(diamerer 0.95 mm; length 1 mm) was inserted into a small epidermal
cavity of 1 mm diameter and approximately 1 mm depth and fixed
with adhesive tape. Care was raken not to cause any blecding. The
purpose of this preparation was to reduce skin resistance and, thus, the
current necessary to clicit a pain sensation. A flexible stainless stecl
electrode, fixed loosely around the first finger joint, served as a refer-

nce clectrode.

Study design

Individual stimulus-response curves were determined before the experi-
ment by applying five series of electrical stimuli with ascending and
descending intensity in increments of 0.5 mA. Maximum stimulation
intensity before starting the descending series was fixed to a rating of
=50, indicating strong pain. The intensity was then reduced until the
participant rated the stimulus as not perceived (0). Participants were
asked to rate cach stimulus on a modified Ellermeier scale (0, no sensa-
tion; 1 to 10, just perceived but not painful; 11 to 20, clearly perceived
but not painful; 21 to 30, very mildly painful; 31 to 40, mildly painful,
41 to 50, moderately painful; 51 to 60, strongly painful, 61 to 70 very
strongly painful; and =71, not tolerable; this part of the scale is open at
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its upper end) (38). The scale was presented on the same computer
screen on which adjectives were presented each time after noxious
stimulation (Figure 1). According to Ellermeier et al {38), subjects have
first to choose a verbal categorization of stimulation (eg, mildly painful)
followed by a more fine-graded numerical decision within the range
belonging to the verbal categorization (ie, for the verbal category ‘mildly
painful’ in the range between 31 and 40). This scale has been shown to
be valid, reliable and even equidistant concerning physical stimuli
(38,39). Subjects were prompted to give only the numerical rating ver-
bally. Mean stimulus intensities rated as very mildly painful (Intl = 25)
and moderately painful {Int2 = 45) were chosen for the experiment.
Usually, short phasic nociceptive stimuli tend to habituate (40); how-
ever, there are rare cases of sensitization. To protect subjects from strong
stimulations, an algorithm that finished the experiment whenever par-
ticipants consecutively rated three stimuli 250 was introduced.
According to this criterion, one subject showing sensitization effects was
not included in the analyses.

Based on a previous study, a total of 40 adjectives were used as
semantic primes: 10 pain related, 10 negative, 10 positive and 10 neu-
tral (23). Words between categories were matched according to their
word frequencies (using Cosmas Version 3.6.1, www.ids-mannheim.de/
cosmas?2) and lengths. For this purpose, groups of four words (one of
each category) were constructed. Within these groups, word length
and number of syllables were matched. Furthermore, word frequency
was matched by the number of citations in German publications
according to the COSMAS program. In rare cases, where matching
was not perfect, care was taken that there was no statistical difference
between categories in any of the matched parameters. Finally, pain-
related and negative words were balanced according to their valence
and arousal qualities. For this reason, the words were rated regarding
valance and arousal on Likert scales (scored from 0 to 10) by 28 sub-
jects during a preliminary study. Subseqently, matching pairs of words
were selected as described in Richter et al (23). Positive adjectives
were presented to counteract an affective bias toward negative mood
during the experiment.

Suhjects were paid €6/h for participation. To increase participants’
mental effort to attend to and process the semantic primes and to
minimize error rates, subjects were informed that they could earn an
extra €10 if they correctly repeated >90% of the words presented dur-
ing the experiment. This additional payment was announced at the
beginning of the experiment to ensure that the participants attentively
processed the semantic stimuli. Primes were presented in a pseudoran-
domized order for 300 ms each, and each prime was followed by one of
another descriptor category to prevent summation effects. Subjects
were instructed to silently read the word primes on a computer screen.
Coincident with switching off the prime (ISI 0 ms) or shortly after the
end of representation of the prime on the screen (ISI 500 ms or
1500 ms), an electrical stimulus of predetermined pain intensity
(‘mildly painful’ [Intl] or ‘moderately painful’ [Int2]) was applied
(Figure 1). A maximum of three stimuli of the same intensity were
presented consecutively to reduce possible anchor effects. The ISI
between primes and noxious target stimuli was varied randomly among
the three ISIs. After each noxious stimulus, the rating scale presented
on the computer screen and subjects were asked to rate the intensity of
the stimulus verbally. Thereafter, they were requested to repeat the
prime verbally (Figure 1). After 3 s, the next trial started. During this
time, the experimenter entered the rating and the correctness of the
prime repetition on the keyboard. A total of 240 trials were conducted
(ie, each prime was repeated six times throughout the experiment).
The whole experiment was controlled by the software Presentation
(version 14.5, Neurobehavioral Systems Inc, USA).

Data analysis

To test the two main hypotheses, a repeated-measures ANOVA with
three within-subject factors (Category % Intensity x [SI) was applicd.
When appropriate, degrees of freedom were corrected by the
Greenhouse-Geisser procedure to account for violations of sphericity.
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Figure 2) Mean differences in pain ratings (A pain ratings) and standard
errors to noxious stimuli in dependence of the primed adjectives (factor word
Category) shoun as differences to neutral adjectives

The ‘Category’ factor included four types of adjectives used as primes
(pain-related, negative, neutral and positive); ‘Intensity’ included the
two intensities of the electrical stimulation (Intl and Int2); and ‘1S’
comprised three levels (ISI 0 [0 ms], IST 500 [500 ms] and ISI 1500
[1500 ms]). For significant main effects, post hoc t tests for paired
samples were calculated according to the hypotheses (two-tailed,
Bonferroni corrected). These analyses were followed by contrast analy-
ses modelling simple interaction and second-order simple main effects.
Finally, t tests for paired samples were used to test relevant differences
between categories as a function of ISI and Intensity (two-tailed,
Bonferroni corrected). In addition, the number of false prime repeti-
tions during the experiment was also compared among word categories
using an ANOVA for repeated measures.

RESULTS
ANOVA revealed significant main effects for C‘ategory (F[3, 114]=2.99;
P=0.034; mp 2=0.07) and Intensity (F[1, 38]=167.18; P<0.001;
n #=0.82) as Pwell as significant interactions for Category x Intensity
(#[3, ;114]= 8 39; P<0.001; , 1=0.18), Category x ISI (F[6, 228]=4.28;
P<0.001; 2=0.11) and Caregory x Intensity x ISI (F[6, 228]=2.47;
P=0.043; 1, 2=0.06).

Main effects

T tests between the levels of factor Category showed significant differ-
ences for pain versus neutral (1=3.18; P=0.009) and negative versus
neutral (t=2.54; P=0.046) (Figure 2). Mean (+ SE) intensity rating
scores of noxious stimuli were 31.11+1.09 following pain-relared
primes, 30.94+1.08 following negative, 30.45£1.05 following neutral
and 30.96+1.05 following positive primes. Factor Intensity has only
two levels; therefore, the main effect reported above indicates a
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With regard to factor ISI, no significant difference of intensity rat-
ings were found.

Interactions

With respect to the threefold interaction, simple interaction effect
analyses were first conducted. Therefore, the simple interaction effect
Category x 1Sl were analyzed for each of the two levels of [ntensity.
For Intl, this effect was not significant. In contrast, the analysis for
Int2 revealed a significant simple interaction effect between these two
factors (F[6, 33]=9.32; P<0.001; r|p2=0.63). To further investigate this
simple interaction effect, second-order simple main effect analyses of
the factor Category were conducted for each level of ISI within Int2.
A significant second-order simple main effect was found for ISI 0
(F[3, 36]=5.87; P=0.007; 7, 2=0.33) and ISI 500 (F[3, 36]=16.81;
P<0.00L; m, 2=0.58), but not for 1SI 1500. The differences between
categories were analysed by separate post hoc ¢ tests for Int2 as a func-
tion of IS1. For IS1 O, significant differences between pain versus neu-
rral (t=2.90; P=0.038), negative versus neutral (t=2.85; P=0.042) and
pain versus positive (t=4.28; P=0.001) were observed. For ISI 500,
significant differences for pain versus neutral (¢=3.42; P=0.009), nega-
tive versus neutral (¢=4.50; P<0.001) and neutral versus positive
(t=07.03; P<0.001) were revealed. The contrast in pain versus nega-
tive failed to reach significance for all [SIs. Means and SDs for all
conditions are listed in Table 1. Figure 4 presents means and SEs for
the above-mentioned triple interaction.

During the experiment, a relatively low number of false prime rep-
etitions occurred with mean (+ SE) of 3.15+0.50 for pain primes,
3.33+0.50 for negative, 1.46+0.30 for neutral and 3.00+0.43 for posi-
tive primes, indicating that the task was feasible for all participants.
ANOVA of false repetitions revealed a significant main effect for
Caregory (FI3, 114]=7.15; P=0.001). t tests indicated a significant dif-
ferences between pain versus neutral (¢=4.96; P<0.001), negative ver-
sus neutral (=4.00; P=0.002) and neutral versus positive (:=—3.59;
P=0.006).
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TABLE 1
Mean pain ratings depending on the factors Intensity, word

Category and interstimulus interval (1Sl)

Word 18I

category 0ms 500 ms 1500 ms
Intensity 1 =25 Pain-related 25.93+7.15  25.55¢7.06  25.40+7.50

Negative 2537+7.38  25.16+6.67 25.92+7.64

Neutral 26.77+7.71  25.09£7.29  25.14#596

Positive 25.87+6.55  26.21£7.35  2527+7.15
Intensity 2 =45 Pain-related 37.13+#8.36  35.98+7.44  36.66+7.57

Negative 36.56+7.82 36.20+£7.70 36.41+7.70

Neutral 3530+7.61  3441£7.28  36.00£7.35

Positive 35.40+7.77 36.96+7.75 36.06+7.04
Data presented as mean + SD

DISCUSSION

We hypothesized that semantic priming with pain-related and nega-
tive word primes would result in stronger pain ratings to subsequent
noxious target stimuli than priming with neutral words. Furthermore,
we hypothesized that priming with pain-related words increases pain
ratings to subsequent noxious target stimuli compared with priming
with negative words. These hypotheses were investigated with respect
to varying ISIs and pain intensities.

Main effects of factors Category and Intensity
In accordance with our expectations, an overall negative priming
effect of pain-related and negative primes for the processing of subse-
quent noxious stimuli compared with neutral primes appeared as a
main effect of factor Category. This finding is consistent with studies
showing a negative emotional priming effect induced by unpleasant
visual stimuli (8-10,41). According to the present study, we conclude
that semantic stimuli with distinct negative valence exert negative
priming on the processing of succeeding painful stimuli. According to
the motivational priming theory, this may be due to the activation of
neural structures associated with negative affect (13).

Concerning hypothesis 2, we did not find a main effect indicating
a significant difference in pain ratings following pain-related com-
pared with negative primes.

The main effect for Intensity indicates that the establishment of
two distinct pain intensities, one mild and one medium pain intensity,
during the experiment was successful.

Interaction effects among the factors Category, Intensity and 1S1
In the ANOVA | we found an interaction among all three factors. The
following simple interaction effect analyses, one for each Intensity,
revealed an interaction for Category x ISI only during the condition
in which noxious stimuli were of moderate pain intensity (Int2), but
not when intensity was mild (Intl). Thus, word stimuli describing
pain-related adjectives appear to affect the processing of painful stim-
uli only when the stimulus is clearly painful. This finding is in accord-
ance with results of a study performed by Godinho et al (27). These
authors also found priming effects for clearly painful electrical stimula-
tion, but no influence for intensities lightly beyond the pain threshold.
Taking these data as well as a study from Kenntner-Mabiala and Pauli
(9) also demonstrating a priming effect of negative pictures (compared
with neutral pictures) for painful electrical stimulation, priming effects
of context must be considered for painful electrical stimuli. These
effects may be stronger the higher the pain intensity.

Additionally, a negative priming effect for Int2 was found when
the ISI between verbal prime and electrical stimulus was short
(IST 500) or when the prime was immediately followed by the stimulus
(IST 0), supporting our first hypothesis. Previous studies also found
distinct priming effects when the target pain stimulus was presented
immediately after or during prime presentation (10,27,28,40).
Similarly, studies investigating semantic priming indicate that the
semantic priming effect loses magnitude during prolonged time
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Figure 4) Mean differences in pain ratings (A pain ratings) and SEs to
noxious stimuli primed by adjectives (factor word Category) with respect to
the factors Intensity (Int) and interstimulus interval (ISI). Differences are
shown in comparison with priming with neutral adjectives. Positive values
indicate higher pain ratings for the priming with the particular category in
comparison with neutral adjectives; asterisks indicate significant changes
compared with neutral adjectives

intervals between prime and target (42,43). In a study investigating
the affective priming effect of pain-related pictures on reaction times
during categorization of subsequent negative words (44), the priming
effect was only present when target stimulus was presented 300 ms
after onset of the prime, but not after 500 ms or 1000 ms. At least in
part, our results support the assumption of these authors, concluding
that affective priming is a rapid and automatic cognitive process that
may be alleviated by higher cognitive processes such as working mem-
ory or resting-state processes commencing quickly after prime onset.

The priming effect for ISI 0 may be affected by processes investi-
gated under the term of attentional blink. In a series of experiments, it
was demonstrated that the processing and recognition of a second
target stimulus that follows a first target stimulus becomes significantly
disturbed within a time window of approximately 500 ms after onset of
the first stimulus (45,46). During [SI 0, the noxious target stimulus was
presented during the time interval of the attentional blink; more pre-
cisely, 300 ms after onset of the prime stimulus. The processing of the
noxious stimulus may, therefore, be impaired by this process. However,
it has been shown that the attentional blink is attenuared when the
second stimulus is of negative affective valence (47) or semantically
related to the first stimulus (48,49). Consequently, this effect may be
reduced when the previously presented prime is of the same affective
quality or is associated semantically with the noxious stimulus. The
higher pain rarings we found during negative and pain-related priming
compared with neutral priming may, therefore, be related to a weak-
ened attentional blink effect. However, during ISI 500 as compared
with ISI 0, we found reduced pain ratings beyond all categories (except
for the positive words) and a similar significant difference between
pain ratings following negative affective and neutral primes. During
IS1 500 (ie, 800 ms after prime onset, processes related to the atten-
tional blink ought to be completed). Therefore, the attentional blink
appears to play a minor role for the explanation of our resuls.

As expected, pain intensity ratings were significantly lower after
neutral and positive primes versus negative and pain-related primes for
IS 0. However, for IST 500, pain ratings after positive primes were
elevated compared with neutral primes. For this IS, positive primes
appeared to have a negative priming effect similar to negative and
pain-related primes, resulting in increased pain ratings compared with
neutral stimuli. The N400, occurring between 300 ms and 500 ms after
the presentation of a linguistic stimulus, is assumed to reflect semantic
processing of the stimulus (50). According to Li et al (51), the N400
amplitude is increased after the presentation of incongruent verbal
stimuli. It is assumed that this N40Q increase is due to the semantic
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conflict between the primes. In our study, a semantic conflict may
emerge between the positive valence of the prime and the expectation
of a negative pain stimulus for the ISI of 500 ms. This cognitive con-
flict may itself serve as a negative prime during 1SI 500 and, therefore,
elevate the following pain rating, similar to the negative and pain-
related primes.

As mentioned above, we did not find a main effect indicating a
significant difference in pain ratings following pain-related compared
with negative primes. For ISI 0 ms, the assumed effect is shown
descriprively but failed to reach statistical significance. Previous stud-
ies investigating healthy subjects during priming with affective pic-
tures reported a larger effect for pain-related primes compared with
negative, pain-unrelated primes on intensity ratings of succeeding
electrical stimuli (27,28) or on pain tolerance threshold measured by
the cold pressor test (14). Regarding the fact that mean pain rating for
[nt2 indicated that intensity was perceived to be relatively mild, we
presume that the priming effect of pain-related words may have been
more pronounced for higher pain intensities, as indicated by a previous

study (27).

Limitations and future directions
Qur study demonstrated very systematic cffects of priming. However,
the effect sizes were relatively small. Participants of the present study
were healthy young individuals. It appears that the category of the
primes plays a minor role in modulating the perception of noxious
stimuli in this particular group. There are clues indicating that the
priming effects of pain-related primes versus negative, pain-unrelared
primes are more pronounced in chronic pain patients compared with
healthy controls (21,28). 1t appears that subjects with repeated pain
experiences, such as subjects with a chronic pain disease, have
developed stronger associative learning networks during incremental
experiences and, therefore, show larger priming effects after receiv-
ing pain-related primes versus negative, pain-unrelated primes.
Investigation of priming in chronic pain patients should clarify this
issue.

In the present study, four categories of words were used, each con-
sisting of 10 different adjectives. The acquisition of a greater varicty of
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different matching primes could support the generalization of the find-
ings. Furthermore, priming may be more potent for images. We did not
find a significant difference in pain ratings for pain-related versus
negative pain-unrelated stimuli, in contrast to de Wied and Verbaten
(14) and Ogino et al (15). Therefore, emotional and pain-related pic-
tures may be better for the investigation of principle mechanisms of
priming in humans. However, this does not preclude the necessity of
investigating the extent of verbal priming in chronic pain patients.
There are already hints that the effects are stronger than in healthy
subjects (21).

Although two distinct pain intensities were successfully estab-
lished, the manipulation of the moderate pain intensity resulted in a
relatively mild average pain rating. This could be one of the reasons
why some of the assumed effects for the differences between negative
and pain-related adjectives failed to reach sratistical significance. It
may be a challenge for future research on electrical pain stimulation to
solidly apply moderate pain intensities to clearly distinguish them
from mild or no pain intensiries. One way of doing so may he a bio-
adaptive approach, as praposed previously (26).

CONCLUSION

Semantic priming was investigated by using negative and pain-related
stimuli that were matched for valence and arousal. In accordance with
the motivational priming theory, we found stronger pain ratings for
subsequent electrical stimuli after negative and pain-related priming
compared with neutral priming. These effects were especially apparent
for stronger intensities of the painful stimulation and when the inter-
val between prime and target stimulus was <500 ms. Further studies are
necessary to examine whether this trend indicates a specific effect
according to the theory of associative neural networks.
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Abstract

Numerous studies showed the effect of negative affective and pain-related semantic primes
enhancing the perceived intensity of successive painful stimuli. It remains unclear whether
and how painful primes are able to influence semantic stimuli in a similar way. Therefore, we
investigated the effects of noxious primes on the perception of the valence of subsequent
semantic stimuli. In two experiments, 48 healthy subjects were asked to give their valence rat-
ings regarding different semantic stimuli (pain-related, negative, positive, and neutral adjec-
tives) after they were primed with noxious electrical stimuli of moderate intensity. Experiment
1 focused on the existence of the effect, experiment 2 focused on the length of the effect.
Valence ratings of pain-related, negative, and positive words (not neutral words) became
more negative after a painful electrical prime was applied in contrast to no prime. This effect
was more pronounced for pain-related words compared to negative, pain-unrelated words.
Furthermore, the priming effect continued to affect the valence ratings even some minutes
after the painful priming had stopped. So, painful primes are influencing the perception of
semantic stimuli as well as semantic primes are influencing the perception of painful stimuli.

Introduction

There are numerous studies showing effects of different kinds of primes on the perception and
processing of painful stimuli. Thus, the presentation of various types of stimuli with negative
valence like pictures [1-5], films [6], sounds [7], and odors [8] before or during the application
of painful stimuli increases pain ratings. A similar intensity-enhancing effect was shown
repeatedly for pain-related words and words with negative valence [e.g. 9-12]. In contrast to
neutral words, pain ratings were increased when pain-related words or words with negative
valence had been shown before the application of painful stimuli. Overall, there is evidence
suggesting that written words may be more suitable to elicit priming effects in contrast to pic-
tures, spoken words or environmental sounds [13]. These results are in line with the assump-
tions of the motivational priming theory [14]. According to this theory, emotions can be seen
as action dispositions. In this view, all emotions can be localized in a two-dimensional space,
including the dimension of affective valence and the dimension of arousal (or activiation). The
theory poses that defensive reflexes (including startle and reflex responses to pain} “increase in
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amplitude when an orgnaism is aversively motivated” (p. 372); oppositely, defensive reflexes
are reduced in amplitude when the subject is positively motivated. Therefore, increased pain
ratings to painful target stimuli when primed by negative or pain-associated words are a conse-
quence of negative emotional priming.

In addition to the motivational priming, several studies have shown a more pronounced
priming effect towards higher pain ratings for pain-related primes compared to negative, but
pain-unrelated primes. For example, the priming of a physically identical noxious stimulus by
a pain-related adjective (e.g. excruciating) results in higher pain ratings than priming by a neg-
ative adjective (e.g. hostile) [9]. Note, that both adjectives produce a similar negative valence.
Therefore, the higher pain perception reported to physically identical noxious stimuli primed
by pain-related as compared to similarly negative, but non-pain-related adjectives cannot be
explained by the motivational priming theory alone. However, such an effect was observed for
both pictures [5,15] and words [9]. The theory of neural networks provides the theoretical
background for this additional negative priming effect [16]. According to this theory, past pain
experiences would lead to develop an associative memory network that can affect the process-
ing of noxious stimuli at different levels. This pain network would strengthen its connections
and increase its efficacy whenever we are exposed to real or potentially real painful stimuli, or
also to stimuli that semantically represent harm or threat [12]. Thus, pain-related primes could
activate specific pain-related neural networks (not merely negative valence) in contrast to neg-
ative, pain-unrelated primes. Consequential, pain-related primes lead to a more prominent
increase of pain ratings [9,17,18].

It remains unclear whether an effect of painful primes exists on perception and processing
of the valence of words. Until now, there is no study investigating such an effect. Therefore,
the current study examines a possible effect of painful primes on perception and processing of
the valence of words. According to the motivational priming theory mentioned above, we
hypothesized that the negative emotional aspect of painful stimuli leads to more negative
valence ratings of pain-related and negative, pain-unrelated target words in contrast to neutral
words. With respect to the theory of neural networks, we additionally hypothesized that this
effect would be more pronounced for pain-related target words compared to negative, pain-
unrelated target words. This would support findings of a pain-specific priming effect in addi-
tion to a simple emotional priming effect. This hypothesis is in line with results from Ritter
et al. [9] who showed a more pronounced priming effect of pain ratings for pain-related word
primes compared to negative, pain-unrelated primes.

The current study aims primarily to show the effects of painful stimuli as primes for pain-
related words as targets compared to negative, pain-unrelated targets. Valence ratings of pain-
related words are expected to be more negative compared to negative, pain-unrelated words
after priming with painful stimuli. To assess the effects, we conducted two experiments. In the
first experiment we wanted to investigate whether an effect of painful primes on word valence
rating exists. If such an effect could be observed, the question remains for how long the prim-
ing with painful stimuli continues to effect valence ratings of words. Previous studies have
demonstrated long-lasting effects of different types of priming for hours or even a day, e.g.
[19]. Consequently, the goal of the second experiment was to determine whether a possible
effect lasts even without the painful stimulation and to identify possible moderating variables.

Experiment 1
Participants

Twenty-five volunteers (17 female and 8 male, 24.4 + 3.7 years old) participated in experiment
1. All participants were healthy right-handed native German speaking university students
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