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ABSTRACT 

 

Impact of Written Emotional Disclosure of Trauma on Laboratory Induced Pain. 

 (May  2008) 

Suzannah Kathleen Creech, B.A., The University of Texas at Austin;  

M.S., Texas A&M University 

Chair of Advisory Committee: Dr. Mary W. Meagher 

 

This study was undertaken to determine whether written emotional disclosure of 

trauma impacted capsaicin induced pain immediately after writing and at a one-month 

follow-up, and the extent to which a lifetime history of trauma alters pain under neutral 

conditions. Three experiments were conducted to answer these questions.  In Experiment 

1 participants were randomly assigned to write about either a neutral or a trauma topic, 

and they concurrently completed the capsaicin test.  In Experiment 2, the capsaicin test 

was administered to trauma history and no trauma history participants and pain ratings 

and secondary hyperalgesia were recorded under neutral conditions.  In Experiment 3, 

participants wrote for three days and completed the radiant heat test before writing on 

day 1 and after writing on day 3.  They also completed the capsaicin test on either day 4 

or at a one-month follow-up (day 30).  Taken together, these studies had several 

important results.  First, radiant heat withdrawal latencies, ratings of pain intensity and 

unpleasantness, and area of secondary hyperalgesia were all significantly increased when 

participants had a history of traumatic experiences.  This is evidence that trauma history 
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is sufficient to alter pain regulatory mechanisms, and this may be attributable to the 

chronic negative affective state induced by trauma history and sensitization of shared 

circuits involved in both pain and emotion.  Furthermore, our findings suggest that 

written emotional disclosure may lead to long-term changes in pain modulatory 

pathways that regulate central sensitization, without altering systems that regulate 

spontaneous pain.   
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1. INTRODUCTION 

 

Prior research has demonstrated that negative emotional states alter pain perception.  

Although it is generally believed that negative affective states enhance pain, both 

increases (Haslam, 1966; von Graffenried et al., 1978; Schumacher and Velden, 1984; 

Weisenberg et al., 1984; Malow et al., 1987; Cornwall and Donderi, 1988; Meagher et 

al., 2001a; deWied & Verbaten, 2001; Villemure et al. 2003, Wunsch et al., 2003; Rhudy 

et al., 2005; Godinho et al., 2006) and decreases (Bobey and Davidson, 1970; Willer et 

al., 1979; Willer et al., 1981; Malow, 1981; Pitman et al., 1990, Janssen and Arntz, 1996, 

Rhudy et al., 1999; Rhudy and Meagher, 2000, 2001a; 2003a, 2003b, 2004) have been 

reported in controlled laboratory studies. These divergent findings may be attributable to 

differences in the intensity of the negative affective state, resulting in different levels of 

arousal (Meagher et al., 1998, 2001a, b; Sieve et al., 2001; Rhudy & Meagher, 2000; 

2001a, b, 2003).  Low-to-moderately arousing negative affective states tend to induce 

heightened pain sensitivity (hyperalgesia), whereas highly arousing negative affective 

states decrease pain sensitivity (hypoalgesia).  Taken together, this research suggests that 

affective valence interacts with arousal to determine the outcome on pain.  Research on 

affective pain modulation is important because clinical pain syndromes rarely occur 

without increases in negative affect and stress, which may in turn increase pain, setting 

up a vicious cycle of physical and emotional pain. 

____________ 
This dissertation follows the style of the Journal of Pain. 
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Laboratory studies on the relationship between negative affect and pain have typically 

used standardized stimuli such as emotive statements (Zelman et al., 1991), evocative 

pictures (Meagher et al., 2001; deWied & Verbaten, 2001; Wunsch et al.,2003; Rhudy et 

al., 2005; Godinho et al., 2006), and exposure to aversive stimulation such as electric 

shock (Rhudy & Meagher 2000), loud noise (Rhudy & Meagher, 2001), or aversive 

odors (e.g., Villemure et al., 2003).  However, recently written emotional disclosure 

(WED) of trauma has emerged as a method for personally relevant affect induction.  In 

this procedure, participants write for 20 min either about their most traumatic experience 

(trauma topic) or their plans for the day (neutral topic; Pennebaker & Susman 1988), for 

15-20 min 3 days in a row.  Functioning is typically measured at baseline, after writing, 

and at a follow-up one to three months later, however, few studies have applied this 

method to laboratory pain. 

Although results have generally indicated that the writing procedure causes 

immediate increases in negative emotions, they also support an overall trend toward 

improved health outcomes at follow-up.  For example, after writing, researchers have 

observed improvements in frequency of visits to the doctor one month later, number of 

Epstein-Barr virus antibody titers one week later, overall immune function six weeks 

later, and physical health and mood in individuals with asthma or rheumatoid arthritis 

four months later (Pennebaker & beall 1986; Greenberg, Wortman & Stone 1996; 

Esterling et al. 1994; Pennebaker, Kiecolt-Glaser and Glaser 1988; Smyth, Stone, 

Hurewitz & Kaell 1999; also see Smyth, 1998 and Sloan & Marx, 2004 for a review). A 

meta-analysis of all written emotional expression studies in healthy populations yielded 
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a significant Cohen's d of 0.47, a 23% improvement in the experimental group over the 

control group (Smyth, 1998).  A separate meta-analysis of writing studies conducted in 

clinical populations yielded a Cohen’s d of 0.19, suggesting a modest but positive and 

significant improvement in health outcome for clinical populations (Frisina, Borod & 

Lepore, 2004).  

Recent research has shifted from investigating whether the paradigm is effective in 

laboratory studies to evaluating its utility as a tool in therapy (Lepore & Smyth, 2002; 

Snyder, Gordon & Baucom, 2004).  Researchers have also pushed to uncover  specific 

physiological and cognitive mechanisms that might underlie the model’s effectiveness 

(Kloss & Lissman, 2002; Sloan & Marx, 2004).  Our laboratory has become interested in 

the model both as a personally relevant method of affect induction, as well as for its 

potential as a therapeutic intervention for co-morbid trauma and chronic pain.  To 

understand how the model might work, it is important to first conceptualize the short and 

long term impact of stress or trauma on the body. 

Stress, Trauma and Pain  

Immediately after a traumatic or highly stressful event (for a review see McEwen 

2002), the body mobilizes itself for action via sympathetic nervous system arousal and 

hypothalamic-pituitary-adrenal activation, and the release of norephinephrine and 

cortisol, respectively.  This cascade of cellular and hormonal responses is protective in 

the short-term but causes damage when repeatedly activated by chronic stressors, 

resulting in wear and tear on the body and brain (McEwen 2002).  The damaging effects 
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of long-term exposure to stress are relevant to many psychological disorders and 

especially to post traumatic stress disorder (PTSD). 

Current research indicates several long-term autonomic, sensory, and cognitive 

differences are present in individuals with PTSD, and these differences include 

exaggerated startle, heightened cardiac, skin conductance and blood pressure 

responsiveness to trauma reminders, elevated tonic or baseline HR, and HPA axis 

disregulation (see Orr, Metzger and Pittman, 2002 for an exhaustive review; Yehuda 

2002). Additionally, recent functional neuroimaging studies have demonstrated 

exaggerated amygdala responses in PTSD patients exposed to trauma-related and other 

negative affect stimuli (Asmundson et al. 2002, Shin et al. 2004, Armony 2004, Schmahl 

2004).  In addition to links to onset, recurrence, and exacerbation of psychological 

disorders such as depression, anxiety and PTSD, the cumulative effects of stress have 

been implicated in heart disease, hypertension, stroke, diabetes, and other disorders of 

the immune system (Taylor 1999).  Thus, interventions aimed at alleviating stress or 

reducing continued stress from a traumatic experience are theorized to have a positive 

impact on both mental and physical health. 

A high comorbidity between PTSD and chronic pain has led researchers to propose 

that the experience of trauma is also linked to alterations in pain systems (Asmundson et 

al., 2002; Beckham et al., 1997; Drossman et al., 1990; Lampe et al., 2000; Scarinci et 

al., 1994; Leserman et al., 1996; 2006; Walker et al., 1993; 1999; Walling et al., 1994).  

For example, a previous study by our laboratory found a significant interaction between 

lifetime history of trauma and writing topic on pain tolerance (Creech, Grimes & 
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Meagher, under review).  Specifically, participants in the neutral writing/trauma history 

condition exhibited reduced pain tolerance relative to a neutral writing/no trauma history 

group, which suggests there may be preexisting differences in pain tolerance due to 

trauma history.  

Several plausible psychobiological explanations for comorbidity between trauma and 

pain exist. One is that exposure to traumatic life events contributes to the development of 

depression, anxiety, and affect dysregulation, which in turn amplifies the affective 

experience of pain (for reviews, see Meagher et al., 2002; Frewen & Lanius, 2006b).  An 

alternative explanation for the high comorbidity between PTSD and chronic pain is that 

a tonic negative affective state induced by trauma disrupts central and descending pain 

regulatory mechanisms, leading to increased basal pain sensitivity (Creech, Grimes & 

Meagher under review).  

Mechanisms of Effectiveness 

 Several theories have been proposed to account for the effectiveness of written 

disclosure for trauma.  Specifically, the improved health outcomes observed after writing 

have been attributed to a release of inhibition, cognitive restructuring, or exposure and 

emotional processing.  Pennebaker originally suggested that inhibition of a trauma elicits 

increased short-term autonomic nervous system activity and leads to constant long-term 

low-level stress (Pennebaker & Susman, 1988), and that writing about the trauma caused 

a release of inhibition.  In other words, inhibiting emotions, memories, or thoughts 

associated with a trauma takes a physiological toll, which increases susceptibility to 

illness; therefore, writing improves heath by reducing levels of inhibition.  The 
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physiological costs of inhibition represent a form of “allostatic load,” a more recent 

concept developed by Bruce McEwen. Allostatic load refers to the cumulative wear and 

tear or cost to the body when it has had to adapt to stress too often or has developed 

dysfunctional psychobiological regulation of stress [(disruption in normal adrenal 

hormone, neurotransmitter, immuno-cytokine release); McEwen 1998, McEwen & 

Wingfeld 2003; Korte et al 2005]. 

 Although inhibited affect certainly has significant consequences, researchers have 

since argued that the mechanism behind the observed effects of writing about trauma is 

more likely to involve the cognitive restructuring of memory, or alternatively, exposure 

and emotional processing (Littrell, 1998; Sloan & Marx, 2004).  The central tenet in 

cognitive restructuring theories is that the appraisal of the event matters most, not the 

event itself (Foa & Rothbaum 1998).  Thus, the idea is that as participants write about 

their trauma, its cognitive representation, including the full spectrum of memories and 

emotions, are reorganized and dealt with in a manner that provides structure, 

organization and cohesion to the memory (Sloan & Marx 2004, Pennebaker 2007; 

Smyth, True & Souto 2001).  These changes are assumed to decrease stress and 

therefore improve health.  Additionally, a core assumption of this model is that the 

occurrence of a trauma conflicts with a person’s beliefs and assumptions about the 

world, thus writing about the experience can help the person to successfully process and 

reconstruct more accurate beliefs (Janoff-Bulman 1992).  

Support for the cognitive restructuring view comes from studies in which positive 

outcomes are correlated with significant changes in insight and causal words over the 
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course of writing (Pennebaker, Mayne & Francis 1997) and the use of narrative rather 

than fragmented sentence structure (Smyth, True & Souto 2001).  Writing about trauma 

has also been shown to cause a decrease in intrusive thoughts (Klein & Boals, 2001; 

Schoutrop et al 2002), and others have found improvements in cognitive appraisal of the 

trauma at follow-up for the disclosure group (Park & Blumberg 2002). 

Exposure and emotional processing techniques emerged from learning theory as 

viable explanations for how anxiety might become clinically significant, and have been 

proposed as one explanation for why writing might be beneficial.  From a classical 

conditioning perspective, a traumatic event is conceptualized as a biologically significant 

event (UCS) that would normally elicit a response (UR).  In addition, the context in 

which the trauma occurred and its related cues can become paired with the UCS to elicit 

a conditioned emotional response (CER; Mowrer 1960).  Generalization and second-

order conditioning then allow stimuli associated with the feared and previously neutral 

stimuli to elicit the CER (Foa & Rothbaum 1998).  Finally, operant learning accounts for 

any corresponding avoidance behavior because negative reinforcement allows the 

individual to escape from the CS.  The CER is thus maintained because the individual 

does not learn that the UCS no longer accompanies the CS.  

Writing about trauma may help promote a habituation of the anxiety response because 

participants continually expose themselves to the traumatic memory.  Thus, the 

procedure may improve health because writing about the trauma allows the individual to 

be exposed to previously avoided aversive stimuli, and that over-time extinction or at 

least habituation of the CR is elicited, thus reducing basal levels of stress hormones in 
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the body.  Support for this view comes from significant decreases in negative emotions 

and arousal as the writing procedures continues over time (Sloan & Marx, 2004).  

Several studies have used self-report to investigate changes in emotion throughout the 

course of the writing procedure, and these studies have generally found an immediate 

change in self-reported unpleasantness and arousal (Smyth 1998; Sloan & Marx 2004, 

Creech, Grimes & Meagher, under review).  Physiological markers for stress or affect 

have also been examined.  For example, Sloan and Marx measured salivary cortisol 

reactivity before and after each writing session (2004).  Results indicated that trauma 

writing participants showed significantly greater reactivity than control writers; 

however, neither group differed in reactivity to the remaining two writing sessions, 

suggesting a decline in emotional reactivity over time (2004a).  Furthermore, results 

from this study showed a significant correlation between physiological response to the 

first writing session and amount of PTSD and depression symptom severity reduction 

later on, implying that participants who benefit the most later on show the greatest 

arousal and reactivity after the first writing session (Sloan & Marx, 2004).  

While the specific mechanisms underlying the beneficial effects of writing remain 

unclear, it is likely that all three of these theories together account for why writing may 

work.  Specifically, cognitive restructuring likely leads to a reduction in inhibition as the 

event is integrated, while exposure desensitizes the person to the memory of the event.  

Writing as a Treatment 

 Following from the positive changes in health that have been correlated with writing 

interventions, the literature in this area has begun to address whether writing is a 
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potentially cost-effective and time-efficient component of treatment in various clinical 

populations.  The most well-known use of writing in an empirically validated treatment 

is likely found in Cognitive Processing Therapy (Resick & Schnicke 1993). The model 

uses written disclosure of trauma as one way to facilitate processing and has shown 

consistently strong treatment outcome results when compared to other types of therapies 

for trauma.  

However, several researchers have begun to investigate the clinical impact of writing 

on other types of symptoms. For example, Smyth, Stone, Hurewitz, and Kaell (1999) 

found a significant improvement in overall disease activity after writing for rheumatoid 

arthritis patients.  Using verbal rather than written disclosure, Kelley, Lumley and Leisen 

(1997) conducted a study with rheumatoid arthritis patients and found significant 

improvements in affective disturbance and physical functioning after the first two weeks 

following the writing phase.  Sullivan and Neish (1999) found emotional disclosure is 

effective in reducing the effects of catastrophizing on pain and may be effective in 

increasing pain tolerance during a dental procedure.  Finally, Gillis et al. (2006) have 

suggested disclosure may benefit health outcomes in people with fibromyalgia.  

The Impact of Writing on Laboratory Pain  

Our laboratory conducted a recent study to determine whether the negative affective 

state induced by written emotional disclosure of traumatic experiences could alter pain 

sensitivity and whether this effect interacted with one’s history of trauma (Creech, 

Grimes, and Meagher, under review).  Participants were selected based on high or low 

trauma history, and each wrote for 20 min about a traumatic or neutral topic.  Writing 
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was immediately followed by the radiant heat pain threshold test and the tourniquet pain 

tolerance test.  

As prior work using written emotional disclosure has indicated that writing about 

trauma induces measurable increases in negative emotion and arousal (Sloan & Marx 

2004a; Sloan & Marx 2004 b; Sloan, Marx & Epstein 2005; Creech, Grimes & Meagher 

in review), we expected that the affective state would be sufficient to modulate pain.  

Results of this study suggested that written emotional disclosure of trauma produces 

subjective and physiological increases in arousal immediately after writing and increased 

pain sensitivity on the radiant heat pain threshold test.  In contrast, tourniquet pain 

tolerance was decreased within the neutral writing/trauma history group, and this effect 

was reversed by disclosure of trauma, suggesting that there may be preexisting 

differences in pain sensitivity and pain modulation related to lifetime history of trauma.  

Alternatively, decreased tourniquet tolerance may also reflect decreasing motivation 

rather than enhanced pain, in order to resolve this issue, it is necessary to examine pain 

ratings to a fixed stimulus, such as capsaicin. 

Though topical capsaicin takes about 20 min to reach maximum pain, and is removed 

after 30 min, the inflammation continues even after the substance has been removed.  

Thus, one benefit of this model is that it eliminates many of the inherent motivational 

issues that can impact pain threshold and pain tolerance.  A second benefit of using a 

capsaicin pain model to study hyperalgesia is that it provides a means of studying both 

primary and secondary hyperalgesia, which are triggered by different neural 

mechanisms.  
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Primary hyperalgesia is characterized by spontaneous pain and both heat and 

mechanical hyperalgesia (Raja, Campbell, & Meyer, 1984).  In addition, it is likely the 

result of activation and sensitization of both peripheral and central nociceptors (Raja, 

Campbell, & Meyer, 1984; Torebjork, Lundberg, & LaMotte, 1992).  In contrast, 

secondary hyperalgesia is characterized by only mechanical (static, dynamic, and 

punctate) hyperalgesia (Ali, Meyer, & Campbell, 1996; Fuchs, Campbell, & Meyer, 

2000; Magerl, Wilk, & Treede, 1998; Raja, Campbell, & Meyer, 1984).  Furthermore, 

secondary hyperalgesia is caused by the sensitization of central nociceptive neurons 

(Campbell, Khan, Meyer, & Raja, 1988; Torebjork, Lundberg, & LaMotte, 1992).  The 

central mediation of secondary hyperalgesia is supported by the finding that hyperalgesia 

can be evoked by stimulation of afferent fibers even after peripheral nociceptors have 

been anesthetized (Torebjork, Lundberg, & LaMotte, 1992).   

Capsaicin is an extract from hot chili peppers that causes a neurogenic inflammatory 

process and sensations of intense burning pain when applied to the skin (Bauman, 

Simone, Sharin & LaMotte, 1991; Jansco, Jansco-Gabor & Szoclscanyi, 1967).  The skin 

becomes red and inflamed at the site of application resulting in hyperalgesia and 

allodynia.  Importantly, the primary afferents that respond to capsaicin have been shown 

to initiate and maintain pathological pain states through mechanisms of central 

sensitization (Simone et al., 1991; Simone, Bauman, Collins, & Lamotte 1989).  Thus, 

capsaicin-induced pain models mimic many of the features of central sensitization that 

underlie neuropathic and inflammatory clinical pain. 
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Prior studies on how expressive writing might impact pain have not examined 

whether these changes in pain are due to alterations in the sensory component of pain 

versus the affective component.  My first experiment will begin to examine this issue by 

asking subjects to rate sensory intensity and unpleasantness of spontaneous capsaicin-

induced pain on separate visual analog scales (VAS).  In addition, the use of controlled 

stimuli in the proposed experiment will allow us to equate the physical stimulus 

properties of the pain across subjects, whereas the intensity of clinical pain will vary 

depending on the severity of the patient’s disease and their stage in the disease.  This is 

important because chronic pain alone can disrupt the functioning of descending pain 

pathways and emotional states over time (Ren & Dubner, 2002). 

Researchers have suggested that the limbic and brainstem structures that are 

sensitized by PTSD also modulate pain (Rhudy & Meagher 2001; Rosen & Shulkin 

1998; Meagher 2002).  Given this, it was hypothesized that even under normal 

conditions (i.e., no trauma cues are present) these alterations and accompanying 

symptom constellations are sufficient to induce abnormalities in pain processing.  

Furthermore, both the clinical symptoms associated with PTSD, and evidence that 

individuals with PTSD experience increased depression and anxiety, imply that a basal 

state of negative affect accompanied by low arousal may leave these individuals 

vulnerable to heightened and easier-elicited negative emotional states.  I thus 

hypothesized that individuals with a history of trauma would demonstrate increased 

baseline negative affect and increased sensitivity to pain.  To test this hypothesis, my 

second experiment examined whether history of traumatic experience alone is sufficient 
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to alter spontaneous pain ratings and tactile allodynia testing during topical capsaicin, 

and whether these differences in pain processing are associated with higher basal levels 

of negative affect and low-to-moderate levels of arousal.  Basal negative affect was 

tested in several ways prior to pain testing in order to determine whether the trauma 

group displayed an a priori difference in negative affect.  

Finally, previous researchers examining the impact of writing on health have 

conducted longitudinal studies in which health outcomes improve over time.  

Specifically, most have found an acute increase in stress and negative emotions 

immediately after writing, and an increase in health at a one-month follow-up 

(presumably as participants restructure or de-sensitize to their traumatic memories).  

Based on these findings, I hypothesized that while writing about trauma would elicit 

negative affect and increased pain sensitivity immediately after writing, pain sensitivity 

would decline at a one-month follow-up.  To test this hypothesis, in experiment 3 

participants were asked to write for three days, and multiple pain methods were assessed 

at baseline, after writing and at a one-month follow-up. At baseline, I expected to 

observe a pre-existing difference in thermal pain sensitivity between trauma history and 

no trauma history participants.  Specifically, trauma history participants were expected 

to show reduced thermal pain thresholds compared to no-trauma history participants at 

baseline. 

It was also hypothesized that immediately after the first day of writing self-report and 

physiological measures will indicate high levels of stress and negative affect for 

participants in the trauma writing group (experimental group), and these participants 
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were expected to show increased pain sensitivity relative to controls.  I expected this to 

be reduced after the third day of writing, and even further reduced at the one-month 

follow-up.  However, for high trauma participants, I expected to observe analgesia to 

capsaicin due to a preexisting autonomic hyperreactivity that is engaged by written 

emotional disclosure of trauma (and potentially by the pain testing itself). 
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2. GENERAL METHODS 

 
Writing Procedure 

Participants were randomly assigned to write about a neutral topic or the most 

traumatic experience of their life, and they received instructions for the writing 

procedure in accordance with Pennebaker’s previously published procedures 

(Pennebaker & Susman, 1988).  Writing prompts were delivered to participants in 

envelopes to keep experimenters blind.  The writing prompts are shown below.  

Trauma Writing Prompt 
 
Day One.  What I would like to have you write about for the next three 
days is the most traumatic, upsetting experience of your entire life.  In 
your writing, I want you to really let go and explore your very deepest 
emotions and thoughts.  You can write about the same experience on all 
four days or about different experiences each day.  In addition to a 
traumatic experience, you can also write about major conflicts or 
problems that you have experienced or are experiencing now.  Whatever 
you choose to write, however, it is critical that you really delve into your 
deepest emotions and thoughts.  Ideally, we would also like you to write 
about significant experiences or conflicts that you have not discussed in 
great detail with others.  You might tie your personal experiences to 
other parts of your life.  How is it related to your childhood, your 
parents, people you love, who you are, or who you want to be.  Again, in 
your writing, examine your deepest emotions and thoughts. 
 
Day 2.  How did yesterday’s writing go?  Today, I want you to continue 
writing about the most traumatic experience of your life.  It could be the 
same topic that you wrote about yesterday or it could be something 
different.  But today, I really want you to explore your very deepest 
emotions and thoughts... 
 
Day 3.  You have survived the first two days, and today is the last one.  
In your writing today, I again want you to explore your deepest thoughts 
and feelings about the most traumatic experience of your life.  
Remember that this is the last day and so you might want to wrap 
everything up.  For example, how is this experience related to your 
current life and your future?  But feel free to go in any direction you feel 
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most comfortable with and delve into your deepest emotions and 
thoughts.... 
 

Neutral Writing Prompt 
 
Day One.  What I would like you to write about over the next three days 
is how you use your time.  Each day, I will give you different writing 
assignments on the way you spend your time.  In your writing, I want 
you to be as objective as possible.  I am not interested in your emotions 
or opinions.  Rather I want you to try to be completely objective.  Feel 
free to be as detailed as possible.  In today’s writing, I want you to 
describe what you did yesterday from the time you got up until the time 
you went to bed.  For example, you might start when your alarm went off 
and you got out of bed.  You could include the things you ate, where you 
went, which buildings or objects you passed by as you walked from place 
to place.  The most important thing in your writing, however, is for you 
to describe your days as accurately and as objectively as possible. 
 
Day 2.  How did your writing go yesterday? Today, I want you to 
describe in detail what you will do as soon as the experiment is over 
until you go to bed tonight.  For example, you might start by noting that 
you will walk out of the door, go down the steps, walk across the 
campus, and so forth. 
 
Day 3. This is the last day of the experiment.  In your writing today, I 
would like you to describe what you will be doing over the next week... 

 
Self-Report Data 

 
Manipulation Checks.  Participants rated their reactions to the writing procedure and 

pain testing using the Self-Assessment Manikin (SAM; Lang, 1980).  The SAM is a 

measure with two pictogram scales indicating various levels of valence (ranging from 

“happy” to “unhappy”) and arousal (ranging from “excited” to “calm”).  Participants are 

asked to place an “X” on or between any of the figures to indicate their emotional 

response after writing and after each pain test.  

The PANAS-X is comprised of 60 items measuring 11 specific affects in addition to 

overall mood valence (positive and negative).  Participants are asked to rate each 



 

 

17 

affective descriptor and rate the degree to which they felt that way that day, during and 

since writing, or during and since the last pain test on a 1 (very slightly) to 5 (extremely) 

point scale. 

Psychological and Health Symptom Measures.  Participants completed measures of 

depression, PTSD, and health care utilization.  These measures included either the Beck 

Depression Inventory - II (BDI-II; Beck 1960) or the Center for Epidemiological Study – 

Depression scale (CES-D, Radloff, 1977), the Trauma Symptom Checklist- 40 (TSC-

40), a modified version of Pennebaker’s Childhood Trauma Questionnaire, the 

Pennebaker Inventory of Limbic Languidness (PILL; Pennebaker, 1982) and a general 

health status form. 

Depression.  The BDI-II is a twenty-one question multiple-choice self-report 

inventory that is one of the most widely used instruments for measuring the severity of 

depression.  The questionnaire is designed for adults age 17-80 and is composed of items 

relating to depression symptoms such as hopelessness and irritability, cognitions such as 

guilt or feelings of being punished, as well as physical symptoms such as fatigue, weight 

loss, and lack of interest in sex.  

Emotional Distress.  Because we were interested in the effects of stress on pain 

reactivity, it was necessary to assess any preexisting emotional distress that may 

contribute to unwanted group differences.  To do so, the CES-D a brief, 20-item 

questionnaire that taps into depression and anxiety symptoms was filled out prior to the 

Experiment.  Subjects were instructed to read each item and rate the extent to which they 

felt that way at sometime during the past week. 
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Trauma Symptoms.  The TSC-40 is a research measure that evaluates aspects of 

posttraumatic stress and other symptom clusters found in some traumatized individuals. 

It is a 40-item self-report instrument consisting of six subscales: Anxiety, Depression, 

Dissociation, Sexual Abuse Trauma Index (SATI), Sexual Problems, and Sleep 

Disturbance, as well as a total score.  Each symptom item is rated according to its 

frequency of occurrence over the prior two months, using a four-point scale ranging 

from 0 ("never") to 3 ("often").  The TSC-40 requires approximately 10-15 min to 

complete, and can be scored in approximately 5-10 min.  

Trauma History Measures.  Information on history of traumatic events was obtained 

via a modified version of Pennebaker’s Childhood Trauma Questionnaire, a survey of 

six early traumatic experiences (death, divorce, violence, sexual abuse, illness, or other) 

and ratings of the degree to which individuals confided the traumas. The measure was 

modified by this lab to address a problematic rating scale in which participants were 

asked to rate how “traumatic” the incident was.  The rating scale was changed from a 1-7 

general Lickert scale, to a 4-point scale with descriptive anchors.   

The experience of 5 types of traumas was queried (death of close friend or family 

member, traumatic sexual experience including rape or molestation, experience of 

violence, severe illness or injury, major upheaval such as natural disaster, car accident, 

divorce, loss of job etc.) both within the last 3 years and prior to the age of 17.  If the 

participant indicated “yes” this event did occur, they went on to rate “how 

bothersome/traumatic” was this experience on a 4 point scale: Did not bother me/Not at 

all Traumatic, Bothered me for a short time/Slightly traumatic, Bothered me for a 



 

 

19 

while/Traumatic, and Continues to bother me/Extremely traumatic.  They also indicated 

whether their reaction to the event included fear, helplessness, or horror. 

Female undergraduates enrolled in introductory psychology were voluntarily 

prescreened for traumatic experiences in the Fall 2005, Spring 2006, Fall 2006 and 

Spring 2007 semesters at Texas A&M University (N = 1244).  Following previously 

used methodology, participants qualified for the no trauma history group if their trauma 

score was two standard deviations below the population mean of 3.58, (SD = 5.15), and 

for the trauma history group if their trauma score was two standard deviations above the 

population mean.  All qualified participants were contacted by email to let them know 

they qualified to participate in the study, and participants signed up on a voluntary basis. 

Health Care Utilization.  Participant frequency of visits to the doctor and other health 

problems was assessed using the PILL.  The PILL is a 54-item scale that measures 

frequencies of various common physical symptoms and sensations such as running nose 

and headaches.   

Health Status.  In order to participate in pain testing, a brief health status 

questionnaire was administered to all potential subjects.  Anyone with ongoing health 

conditions such as cardiovascular disease, neurological disorders, chronic pain of any 

type, and circulatory disorders was ineligible for the study.   

 
Apparatus and Physiological Recording 

 
Physiological Recording.  All data collection was computer controlled by LabVIEW 

software and an AT-MIO-16DL DAQ board (both by National Instruments). Heart rate 

(HR) and skin conductance level (SCL) sensors were attached to fingers of the non-
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dominant hand and sampled at 50 Hz.  

Mechanical- Visual Analogue Scale Pain Ratings.  Participants were asked to rate 

both their sensory and affective level of discomfort during pain testing using a 

Mechanical Visual Analogue Scale (M-VAS). The M-VAS is used to assess subjective 

ratings of the sensory intensity and unpleasantness of the stimulus by using line length to 

represent the magnitude of the subjective state.  The endpoints correspond to numbers 

and verbal descriptors (e.g., 0= not at all unpleasant, while 10 = most unpleasant 

imaginable). An M-VAS is a physical instrumentation of a pencil and paper visual 

analog scale consisting of a 100-mm line. Participants move a sliding lever along the line 

to indicate their pain ratings. This sends a proportional voltage to the computer 

indicating threshold has been reached and each time the participant’s pain changes. 

Pain Testing 
 
Capsaicin Test.  In this test, 300 µl of a 6.0% capsaicin solution is topically applied to 

the dominant volar forearm via a 1.5 cm x 1.5 cm gauze pad (Culp, Ochoa, et al., 1989; 

Simone, Baumann, & LaMotte, 1989).  To impede evaporation, the site of application is 

covered with a dressing (Baron, Wasner, et al., 1999).  The pad and dressing is left on 

the arm for a period of 30 min.   
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Figure 1. Site of Testing 
 
 
Spontaneous Pain Ratings.  To administer this test, during the 30 min capsaicin 

application subjects are asked to rate their affect using a SAM and a PANAS-X at 5 min 

intervals.  Subjects are also asked to rate their pain at these 5 min intervals using a 

mechanical VAS, which contains both an “intensity” and an “unpleasantness” 

component.   

Tactile Allodynia Test.  After the 30 min application, the capsaicin is removed from 

the forearm.  Following capsaicin removal, a second pain test involving application of 

pressure across the site of inflammation was administered.  This test measures allodynia, 

or sensitivity to mechanical stimuli.  In this procedure, a grid with spokes radiating from 

the center is drawn on the forearm (shown above; Figure 1).  Each spoke consists of ten 

pain application sites.  Then beginning at the wrist spoke, all ten sites on each spoke are 

stimulated using a large diameter von Frey hair (6.65 g), working from the outside in.  

A von Frey hair is a flexible nylon filament attached at a right angle to one end of a 

holder.  Each filament has a different thickness, ranging from very fine to thick. The 

nylon filament is placed on the forearm and deformed by downward pressure. A 
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measurable and reproducible weight (.065 N) is required to deform the filament, which 

allows for consistency across experiments and experimenters.  Participants make 

continuous ratings of changes in pain perception after each touch of the von Frey hair on 

the VAS device.   

Radiant Heat Threshold Test. Pain thresholds were assessed by measuring the time 

taken to withdraw the finger from a radiant heat stimulus (temperature = 43.5 degrees 

centigrade).  Participants were asked to withdraw their finger (distal phalanx of the index 

finger on the left hand) as soon as they first feel pain. An overhead projector light 

provided the radiant heat source, which was focused onto a 2 cm region of the finger.  

Lateral movements of the finger were detected by a photocell (positioned below the 

finger embedded within the aluminum finger platform), which records the withdrawal 

latency and terminates the stimulus.  An automatic cut-off of 8 s was used to prevent 

tissue damage.  After a practice trial, 2 pain threshold tests were assessed and averaged 

using this methodology. 
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3. EXPERIMENT 1 METHOD 

 
The primary goal of Experiment 1 was to determine whether written disclosure of 

trauma alters capsaicin-induced pain.  Given prior evidence that the negative emotional 

state induced by writing about trauma impacted both radiant heat pain thresholds and 

tourniquet tolerance, I predicted that writing about the trauma topic would enhance 

mechanical visual analog scale ratings of the sensory and affective dimensions of 

capsaicin-induced spontaneous pain.  

Participants 

 Participants were 28 healthy female students with no history of traumatic 

experiences.  There were also 13 participants who would have qualified as “trauma 

history” based on previously used methodology from other studies in this lab. These 

participants qualified as “trauma history” because their scores were two standard 

deviations above the population mean.  As they differed on this variable, they were 

excluded prior to data analysis and their data will be used elsewhere.  

Procedure 

Upon entering the lab, participants were escorted into the experiment chamber for an 

explanation of procedures and informed consent.  Participants were asked to sign the 

informed consent and then complete the Center for Epidemiological Study-Depression 

Scale (CES-D; Radloff, 1977).  After completing these questionnaires participants 

received instructions for pain testing, and baseline skin conductance and heart rate were 

taken.  These procedures lasted for 30 min and served to help habituate
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participants to their surroundings.  A timeline of the experimental procedure used is 

shown in Figure 2. 

Participants were randomly assigned to neutral or trauma writing conditions. After 

informed consent procedures and directions, capsaicin was applied to the arm and 

participants were instructed to begin writing.  Both subjective (SAM, PANAS) and 

physiological indicators (skin conductance level, heart rate) were assessed to determine 

whether writing conditions produced distinct emotional states.  During the final 10 min 

of the study, participants completed spontaneous pain ratings using the M-VAS at 2 min 

intervals.  
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4. EXPERIMENT 1 RESULTS 

 

Manipulation Checks – Writing Procedure 

Participants rated both the arousal and valence of their emotional state on the SAM at 

three time points: at baseline, 10 min into the procedure (in the middle of writing), and at 

20 min (the end of writing). 

SAM Valence Ratings.  SAM valence ratings were analyzed using ANOVA with 

writing topic (neutral or trauma) as a between subjects variable, and valence ratings at 

the three time points as a repeated measurement.  Using this method, a significant main 

effect of writing topic on SAM valence ratings emerged, F (1, 26) = 5.761, p < .05, 

indicating that participants who wrote about the neutral topic rated the valence of their 

emotional state, on average, as less unpleasant than those who wrote about the trauma 

topic.  All other analyses including SAM completed at baseline were not significant, all 

p’s > .05. 
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Figure 2: Experiment Timeline 
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A significant interaction effect between SAM Valence ratings over time and writing 

topic also emerged, F (1, 52) = .0239, p <. 05.  As shown below in Figure 3.a, post hoc 

means comparisons indicated a significant difference in valence ratings between neutral 

and trauma writers at the 10 min time point, F (1, 26) = 15.349, p < .001.  Participants 

who wrote about the neutral topic rated their emotional state in the middle of writing as 

less unpleasant than those who wrote about the trauma topic. 
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Figure 3. SAM Valence and Arousal Ratings Across 3 Time Points 

 
 
 
SAM Arousal Ratings. SAM arousal ratings were analyzed using ANOVA with 

writing topic (neutral or trauma) as a between subjects variable, and valence ratings at 

the three time points as a repeated measurement.  An initial analysis of baseline SAM 

ratings (prior to writing) was not significant, p > .05.  Using the method above, a main 

effect of writing topic approached significance, F (1, 26) = 3.219, p = .084, indicating 
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that participants who wrote about the neutral topic rated their arousal level as less than 

those who wrote about the trauma topic.  

A significant interaction effect between writing topic and arousal ratings at the three 

time points also emerged, F (1,52) = 4.216, p < .05.  As shown above in Figure 3.b post 

hoc means comparisons indicated a significant difference in arousal ratings between 

neutral and trauma writers at the 10 min time point, F (1, 26) = 17.023, p < .001.  

Participants who wrote about the neutral topic rated their emotional state in the middle 

of writing as less aroused than those who wrote about the trauma topic. 

Physiological Measurements 

Heart rate and skin conductance levels were collected at baseline, at 10 min, and 

again at the 20 min post-writing time point.  Average heart rate (BPM) and SCL were 

calculated and change scores were obtained by subtracting recordings the 10 min and 20 

min scores from baseline.  Although it was predicted that neutral and trauma writing 

participants would differ physiologically at both 10 min and 20 min, significant 

differences only emerged for heart rate measurements at the 20 min time point.  

Specifically, a significant main effect of writing topic on the change in heart rate at 20 

min from baseline was found, F (1, 25) = 7.76, p < .01.  As shown below in Figure 4, 

while neutral writers had an overall decrease in heart rate after writing trauma writers 

showed an increase in heart rate after writing. All other analyses including SCL were not 

significant, p > .05. 
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Figure 4. BPM Change from Baseline by Writing Topic 

 
 
 

M-VAS Pain Intensity Ratings 

Pain intensity ratings for the last ten min of the capsaicin test were analyzed using 

ANOVA with day one writing topic (trauma or neutral) and VAS Intensity ratings over 

time as a repeated measurement.  As depicted in Figure 5 below, a significant main 

effect of writing topic on VAS Intensity ratings was observed, F (1, 26) = 4.517, p < .05, 

indicating that participants who wrote about the trauma topic rated their pain as 

significantly less intense than those who wrote about the neutral topic.  All other 

analyses were not significant, all p’s > .05. 
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Figure 5. M-VAS Pain Ratings to Capsaicin 
 
 
 

M-VAS Pain Unpleasantness Ratings 

Pain unpleasantness ratings for the last 10 min of the capsaicin test were collapsed 

and analyzed using ANOVA with day one writing topic (trauma or neutral) and VAS 

unpleasantness ratings over time as a repeated measurement.  A main effect of writing 

topic was observed, F (1, 26) = 4.096), p < .05.  Again, participants who wrote about the 

neutral topic rated their pain unpleasantness as, on average, more unpleasant than those 

who wrote about the trauma topic. This is depicted above in Figure 5.  
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 Figure 6  (below) depicts the interaction effect of writing topic and M-VAS ratings 

of pain unpleasantness over time to the capsaicin test F (1, 104) = 4.106, p < .01.  Post 

hoc mean comparisons indicated significant between groups differences in 

unpleasantness ratings at both the 28 min (F [1, 26] = 8.014, p < .01) and 30 min ( F [1, 

26] = 7.931, p < .01) time points. Specifically, participants who wrote about the neutral 

topic rated their pain unpleasantness as significantly greater at 28 and 30 min than did 

trauma writers. 
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Figure 6. VAS Unpleasantness Ratings to Capsaicin 
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5. EXPERIMENT 1 DISCUSSION 

 

The goal of experiment 1 was to determine whether written emotional disclosure 

impacted capsaicin-induced spontaneous pain by creating a personally relevant negative 

affective state.  Although I had previously shown that written emotional disclosure 

impacted radiant heat withdrawal latencies, the capsaicin model more closely mimics 

pathological pain caused by inflammation and central sensitization.  It also eliminates 

many of the inherent motivational issues that can impact pain threshold and pain 

tolerance measures, thus it was unclear whether the emotional state induced by writing 

would impact this type of pain.  

 It was hypothesized that participants who wrote about the trauma topic would rate 

their mood as more negative and more unpleasant than those who wrote about a neutral 

topic.  It was also hypothesized that participants writing about the trauma topic would 

report increased pain intensity and unpleasantness when compared to the neutral group.  

As predicted, the trauma writing group reported increased unpleasantness and arousal, 

and physiological indicators showed significantly increased heart rate after writing about 

trauma. However, contrary to previous findings (Creech, Grimes & Meagher under 

review), we were unable to detect a change in SCL after writing in the trauma writing 

condition. It is possible that the stress induced by the capsaicin test alone, which is 

concurrent with writing, may be masking the effect of trauma writing on SCL. Taken 

together, both self-report and physiological data indicate that written emotional 

disclosure elicited a negative affective state.  
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Based on the prediction that this affective state would be negative, but not highly 

arousing because the participants had no history of trauma, I predicted increased pain in 

the trauma-writing group.  However, trauma writers rated their pain intensity and 

unpleasantness as significantly less than those writing about the neutral topic.  Although 

these results were not in the predicted direction, this finding is consistent with previous 

work indicating decreases in pain after negative affect induction (Bobey and Davidson, 

1970; Willer et al., 1979; Willer et al., 1981; Malow, 1981; Pitman et al., 1990, Janssen 

and Arntz, 1996, Rhudy et al., 1999; Rhudy and Meagher, 2000, 2001a; 2003a, 2003b, 

2004).  

Rhudy and Meagher (2000) have previously suggested the level of arousal may 

determine whether a negative affective state decreases or increases pain.  More 

specifically, they have proposed that highly arousing negative affect may cause 

hypoalgesia in humans, whereas low-to-moderately arousing negative affect results in 

hyperalgesia (Rhudy and Meagher, 2000, 2001c; Meagher et al., 2001a,b).  In this study, 

capsaicin was applied to the arm at the same time that participants were instructed to 

begin writing, thus I posit that this overlap increased the arousal level of trauma-writing 

participants causing a stress-induced hypoalgesia.  This is in contrast to our prior studies 

in which writing and pain testing occurred during discrete intervals and there was no 

overlap, thus hyperalgesia was elicited because the affective state was only moderately 

arousing (Creech, Grimes & Meagher, in review).  This stress-induced hypoalgesia may 

be due to the activation of the mu-opioid receptor system by endogenous opioid peptides 

resulting in reductions in sensory and affective ratings of pain (Zubietta at el, 2001, 
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2003).  The significant increase in heart rate as well as self-reported arousal at the 20 

min time point in the trauma writing group also supports this view because arousal was 

high while pain intensity and unpleasantness ratings were low.  
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6. EXPERIMENT 2 METHOD 

 

The goal of experiment 2 was to further examine the impact of trauma history on 

laboratory pain outside of any affect induction procedures.  This is important as results 

obtained after affect induction may be influenced by prior history of trauma, and a prior 

study by this laboratory found decreased tourniquet tolerance in trauma history females 

under neutral conditions.  It was thus hypothesized that trauma and no trauma history 

individuals would differ in pain ratings and area of secondary hyperalgesia to the 

capsaicin test.  Specifically, I predicted that the trauma history group would show greater 

basal pain sensitivity and greater secondary hyperalgesia when compared to a no trauma 

group. 

Participants 

 Thirty-three healthy female students were included as trauma history or no trauma 

history participants based on trauma history scores obtained during departmentally 

organized prescreening sessions.  Participants qualified for the trauma history condition 

if their summed trauma history score was two standard deviations above the population 

mean.  Means and standard deviation scores for both groups are shown in Table 1 along 

with data from the PANAS negative affect scale, CES-D scores and the PILL. 
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Table 1 

 
Number of participants per group and trauma history scores 
 

 Trauma History Score PANAS NA score CES-D  PILL  

Trauma Group M SD N M SD M SD M SD 

No Trauma 3.45 3.05 16 10.750 6.598 7.938 7.573 13.875 6.612 

Trauma 15.82* 6.05 17 10.529 9.618 17.294* 6.191 20.00* 10.886 

 
 

 

Procedure 

Upon entering the laboratory participants were escorted into the experiment chamber 

for an explanation of procedures and informed consent.  Participants were asked to sign 

the informed consent and then completed the PILL, the CES-D and the PANAS (scores 

shown in Table 1).  After completing these questionnaires participants received 

instructions for pain testing, and baseline skin conductance and heart rate were taken. 

These procedures lasted for 30 min and served to help habituate participants to their 

surroundings. Following acclimation to the experiment room, participants completed the 

capsaicin test.  No emotion induction was used in this experiment as it was designed to 

determine the impact of trauma history on pain under affectively neutral environmental 

conditions.  However, pre-existing differences in trait affect related to trauma history 

were assessed using the CES-D (scores shown in Table 1).



 

 

37 
 

 

Figure 7. Experiment 2 Timeline 
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7. EXPERIMENT 2 RESULTS 

 

Physiological Measurements 

Heart rate and skin conductance levels were collected prior to capsaicin application, 

during capsaicin testing, and at the 30 min time point.  Although it was predicted that 

trauma and no trauma history participants might differ in physiological measurement at 

baseline, there were no significant between or within group differences in SCL and BPM 

at baseline or in change from baseline after capsaicin testing, all p’s > .05. As predicted, 

the trauma group did display a higher number of BPM at baseline (M = 78, SEM = 

2.163) than the no trauma group (M =  70.93, SEM 4.8), however this was not 

significant, F (1,31) = 1.862, p = .18. While these results were in contrast to our 

predictions, they are consistent with our prior findings in which there was no baseline 

GSR or HR difference between trauma history and no trauma history groups (Creech, 

Grimes & Meagher under review). 

Baseline Affect and Health Care Utilization 

In order to determine whether a preexisting between groups difference in negative 

affect existed, participants each completed the PANAS with instructions to rate how they 

had felt that day.  The trauma and no trauma groups did not differ on this test, p > .05 

(means shown in Table 1).  However, the two groups did significantly differ in baseline 

levels of distress on the CES-D, F (1,31) = 14.988, p < .001, indicating that the trauma 

history group showed significantly higher emotional distress than the no trauma group at 

baseline.  The two groups approached a significant difference in self-reported health care 
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utilization on the PILL, F (1, 31) = 3.757, p = .06.  This suggests that on average, trauma 

history participants reported increased number of visits to the doctor, illnesses, and 

overall poorer health in the last semester than no trauma history participants (means 

shown in table 1). Its important to note that this measure does not assess for 

catastrophizing or other interpersonal variables that could impact perception of health, 

therefore it is not possible to conclude that the measure accurately reflects health status. 

Self-Assessment Manikin Ratings 

 Participants made SAM ratings of the valence and arousal of their emotional state 

every 5 min for the first 30 min of the capsaicin test.  There were no significant 

differences between the trauma (M Valence = 5.012, SEM = .261; M Arousal = 3.965, 

SEM = .294) and no trauma groups (M Valence = 4.775, SEM = .191; M Arousal = 

3.925, SEM = .243) for either the valence or arousal of their emotional state at any time 

point, all p’s > .05. 

M-VAS Pain Intensity Ratings 

Pain intensity ratings were collected every 5 min for the first 30 min of capsaicin 

application.  Ratings were analyzed using ANOVA with trauma group (no trauma 

history or trauma history) as between subject variables and VAS unpleasantness ratings 

over time as a repeated measurement serving as both within and between subjects 

variable. As can be seen in panel A of Figure 8, a significant interaction emerged 

between trauma group and intensity ratings over time F (4, 124) = 3.422, p <. 01. Post 

hoc means comparisons were conducted to determine which time points were driving the 

significant interaction, however only the difference in intensity ratings between the no 
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trauma and trauma group at time 1 approached significance, F (1,31) = 2.391, p = .13.  

Although not significant, intensity ratings at time 1 (5 min after capsaicin application) 

were lower in the no trauma group than they were in the trauma group.  However, by 

time 5 (25 min into capsaicin procedure) this effect was reversed.  When change in 

intensity rating scores from time 1 to time 5 were computed, a significant main effect of 

trauma level emerged.  As shown in panel B of Figure 8 the no trauma group increased 

their intensity rating while the trauma group decreased their rating F (1,31) = 5.723, p = 

.0230.  It should be noted, however, that this analysis reflects a change in pain intensity 

from time 1 and not from baseline. 
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Figure 8. VAS Intensity Ratings Over Time 
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M-VAS Pain Unpleasantness Ratings 

  Pain unpleasantness ratings were collected every 5 min for the first 30 min of 

capsaicin application.  Ratings were analyzed using ANOVA with trauma group (no 

trauma history or trauma history) as between subjects variables and VAS unpleasantness 

ratings over time as a repeated measurement.  Although the two groups did not differ 

significantly when their average unpleasantness rating was analyzed, F (1,31) = .822, p = 

.37, a significant interaction emerged between trauma group and unpleasantness ratings 

over time, F (4, 120) = 6.165, p < .001. As shown in panel A of Figure 9, means 

comparisons indicated that the unpleasantness ratings at time 1 (5 min after capsaicin 

application) were significantly lower in the no trauma than in the trauma group, F (1,31) 

= 4.402, p <.  05.  However, by time 5 (25 min into capsaicin procedure) this effect was 

reversed, F (1,30) = 3.038, p = .09.  When change in unpleasantness rating scores from 

time 1 to time 5 were computed, a significant main effect of trauma level emerged.  As 

shown in panel B of Figure 9 the no trauma group had an increase in unpleasantness 

between time 1 and time 5, while the trauma group decreased their ratings F (1,31) = 

10.974, p < .002. 
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Figure 9. VAS Unpleasantness Ratings Over Time 

Area of Secondary Hyperalgesia and Pain Ratings 

To examine the impact of trauma history on area of secondary hyperalgesia an 

ANOVA was used with trauma history entered as a between-subject variable.  As is 

depicted in Figure 10, the area of secondary hyperalgesia was significantly smaller in the 

no trauma group than it was in the trauma history group, [F(1, 31) = 6.448, p < 0.02].  
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Figure 10. Area of Secondary Hyperalgesia by Trauma History Group 
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8. EXPERIMENT 2 DISCUSSION 

 

The purpose of experiment 2 was to determine whether trauma history impacted 

capsaicin pain under neutral conditions. Exposure to traumatic life events contributes to 

the development of depression, anxiety, and affect dysregulation, which in turn may 

amplify the affective experience of pain, even under basal conditions (for reviews, see 

Meagher 2002, Frewen and Lanius, 2006a). It was thus hypothesized that trauma history 

women would show increased baseline negative affect, and that they would also show 

increased reports of pain intensity, unpleasantness and increased area of secondary 

hyperalgesia, even under neutral conditions. In addition, PTSD is associated with 

increased elevated tonic or baseline HR, and HPA axis disregulation. Given this, I 

hypothesized that no trauma and trauma history groups (see Orr, Metzger and Pittman, 

2002) would show baseline differences in heart rate and SCL. 

CES-D scores indicated the trauma history group reported significantly higher 

negative affect at baseline. No between-groups baseline differences in physiological 

reactivity were detected, and this was consistent with findings from our previous study 

and not entirely unexpected given that our participants did not actually have PTSD 

(Creech, Grimes & Meagher, under review).  

Participants did differ in VAS ratings of their pain experience. Specifically, while the 

no trauma group showed a normal progression in VAS intensity and unpleasantness 

ratings to capsaicin (starting low and ending high as the capsaicin takes effect), the 

trauma history group did the opposite (starting high and ending low). Change scores for 
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intensity and unpleasantness ratings at time 1 and time 5 showed a significant difference 

between no trauma women (an overall increase in pain) and trauma women (an overall 

decrease in pain). Finally, the trauma group showed a significantly increased area of 

secondary hyperalgesia when compared to the no trauma group. Thus, women with 

trauma history initially experience greater levels of capsaicin-induced spontaneous pain 

which declines over time to be equivalent to that in no trauma controls, at the same that 

they show increased secondary hyperalgesia.   

While some experiments have shown decreased pain sensitivity in PTSD participants 

under experimental conditions (Geuze 2007; Van der kolk et al. 1999), prevalence 

estimates point towards increased clinical complaints (Klossika 2006; Smith et al. 2002, 

Asmundson et al. 2002; Beckham et al. 1997).  One explanation for this difference may 

be that in individuals with a significant trauma history, descending pain inhibitory 

mechanisms are dysregulated. Considerable evidence indicates that brainstem 

mechanisms tonically inhibit incoming nociceptive signals at the level of the spinal cord 

(see Ren & Dubner 1999), through the release of endogenous opioids, norephinephrine, 

and serotonin.  For example, Anderson et al. (2002) has provided evidence that 

endogenous opioids normally inhibit capsaicin-induced pain. Specifically, they showed 

that administration of an opioid receptor antagonist, naltrexone, increases  capsaicin pain 

when compared to a placebo group. This suggests that acute pain is actively suppressed 

by endogenous opioid receptor activation. Thus, it is tempting to speculate that the 

heightened M-VAS pain ratings observed in trauma history participants relative to no-

trauma controls on M-VAS early in the session may reflect that this descending 
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inhibitory system is not working normally in the trauma history subjects. The descending 

inhibitory system does not appear to engage until much later, resulting in more intense 

initial pain transmission, followed by inhibition 25 minutes later.  

Taken together, these data indicate that a lifetime history of trauma is sufficient to 

alter pain regulation, and that this occurs even under neutral environmental conditions in 

which there are no trauma reminders. However, the results also indicate that opposing 

pain processes may be at work, given that the trauma group showed increased secondary 

hyperalgesia but decreasing spontaneous pain ratings over time. The opposing results in 

this study may be due in part to the different processes underlying spontaneous pain 

ratings and secondary hyperalgesia and thus the mechanisms mediating and modulating 

spontaneous pain/primary hyperalgesia inhibition and those regulating 

allodynia/secondary hyperalgesia could be distinct. For example, spontaneous pain likely 

reflects pain from the site of capsaicin application; therefore it could reflect both primary 

and secondary hyperalgesic processes.  In contrast, the region of allodynia is exclusively 

secondary hyperalgesia and centrally mediated (Ziegler et al. 1999; Klede et al. 2003)..  

Thus, the diminishing pain ratings at the primary site may occur due to the higher state 

of arousal seen in the trauma history subjects, but at the same time that tactile sensitivity 

(secondary hyperalgesia) is enhanced to promote protection of the site and recuperation.   

The former may be related to stress-induced analgesia at the primary site mediated by 

endogenous opioids (Anderson et al., 2002), while the latter may be related to stress-

induced increases in circulating levels of norephinephrine (Drummond 2001). 
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9. EXPERIMENT 3 METHOD 

 

The goal of experiment 3 was to determine whether written emotional disclosure of 

trauma on pain would differentially affect pain tested on day 4 (day after writing) versus 

at a one-month follow-up.  I hypothesized that while writing about trauma would elicit 

negative affect and increased pain sensitivity immediately after writing, pain sensitivity 

would decline at a one-month follow-up.  To test this hypothesis, participants were asked 

to write for three days, and multiple pain methods were assessed at baseline, after 

writing and at a one-month follow-up. At baseline, I expected to observe a pre-existing 

difference in thermal pain sensitivity between trauma history and no trauma history 

participants.  Specifically, trauma history participants were expected to show reduced 

thermal pain thresholds compared to no-trauma history participants at baseline. 

It was also hypothesized that immediately after the first day of writing self-report and 

physiological measures would indicate high levels of stress and negative affect for 

participants in the trauma writing group (experimental group), and these participants 

were expected to show increased pain sensitivity relative to controls.  I expected this to 

be reduced after the third day of writing, and even further reduced at the one-month 

follow-up.  However, for high trauma participants, I expected to observe analgesia to 

capsaicin due to a preexisting autonomic hyperreactivity that is engaged by written 

emotional disclosure of trauma (and potentially by the pain testing itself). 
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Procedure 

The study was conducted in one-month modules consisting of three consecutive days 

of writing, a day 4 lab visit, and a one-month follow-up (see Figure 11 below for 

experiment timeline).  To assess possible long-term changes in pain sensitivity, both 

acute and long-term effects of writing on pain, depression, and PTSD symptoms were 

measured. Participants wrote for 20 min, three days in a row about a traumatic or neutral 

topic (randomly assigned but consistent across all three days). Some participants also 

completed radiant heat pain tests immediately before writing on day one, on day 4, and 

at the one-month follow-up; although I intended to administer this test to all participants, 

we were unable to do so due to technical problems.  

In addition, participants were randomly assigned to either receive the topical 

capsaicin test after writing on day four or at the one-month follow-up. The topical 

capsaicin test was included as a between subjects variable based on previous research 

conducted by our laboratory that indicates repeated measures using a suprathreshold 

model of pain like capsaicin may interfere with emotion induction by creating a 

conditioned contextual fear. Thus the day 4 and one-month conditions were designed so 

that capsaicin testing could take place at the end of writing and one-month later, and 

both groups could be tested under equivalent conditions. 

 Both subjective (Self-Assessment Manikin - SAM, Positive Affect Negative Affect 

Schedule – PANAS, Visual Analogue Scale - VAS) and physiological (heart rate, 

galvanic skin response) indicators of affect, stress and arousal were collected before and 

after each writing session and throughout each pain testing session.  
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Figure 11. Experiment 3 Timeline 
 
 
 

Participants 

In order to obtain satisfactory power of 0.80 for a = .05 based on the effect size of 

0.40 and degrees of freedom of four (based on data from experiment 1), Pearson-Hartley 

power charts estimates indicated 15-20 participants will be needed per cell, for a total of 

120 participants. 

 
 

Table 2 

 
Number of participants needed per group 
. 

Condition Capsaicin Trauma Writing Neutral writing 

Trauma History Acute 15 15 

 Follow-up 15 15 

No Trauma History Acute 15 15 

 Follow-up 15 15 
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Following the previously described methodology, study participants were obtained 

through departmentally organized prescreening sessions. Participants were eligible for 

the study if they were in good health, not taking any psychotropic medications, and they 

had a trauma history score that two standard deviations above the population mean on 

the CTQ (for the trauma group), or a trauma history score that is at zero (for the no 

trauma control group).  
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10. EXPERIMENT 3 RESULTS 

 

Self-Report Ratings for Writing Procedure 

In order to determine whether writing impacted self-reported negative affect and 

arousal, SAM and PANAS ratings were collected before and after writing on days 1-3 of 

the study. SAM and PANAS ratings both before and after writing were analyzed using 

ANOVA, with trauma group (No trauma history or Trauma history) and writing topic 

(Neutral or trauma) as between subjects variables and SAM or PANAS ratings after 

writing on day 1, day 2 and day 3 as a within subject variable.  As expected a significant 

main effect of writing topic emerged for all three self-report measures, indicating that 

overall, participants who wrote about the trauma topic rated their mood after writing as 

more negative (PANAS) F (1, 158) = 7.586, p < .001, more unpleasant (SAM - Valence) 

F (1,166) = , p < .001 and more aroused (SAM - Arousal) F (1, 166) = 8.094, p <.01. 

These effects are shown below in Figure 12.a for the SAM data and Figure 12.b for the 

PANAS data. All other analyses were not significant, p >.05. 
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Figure 12. SAM Arousal, SAM Valence and PANAS Ratings for Writing 
 
 
 

Physiological Changes Before and After Writing 

Heart rate (BPM) and skin conductance levels were collected before and after writing 

on days 1-3 of the Experiment and after the 20 min habituation period on days 4 and 5. 

The two groups significantly differed in baseline heart rate, F (1, 58) = 4.02, p < .05, 

with the trauma group recording significantly fewer baseline BPM compared to the no 

trauma group (shown in panel a of Figure 13). The two groups also approached a 

significant difference in baseline SCL, F (1, 42) = 2.935, p = .09 (depicted in panel b, 

Figure 13). In this case, the trauma group showed higher baseline SCL, however, this 

difference did not achieve significance and thus is an inconclusive finding. 
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Figure 13. Baseline BPM and SCL by Trauma group 
 
 
 

In order to examine the physiological effects of writing and whether this changed 

over the three days of writing, each participant’s BPM or average SCL score was 

subtracted from their day one baseline and a change score was obtained and analyzed. 

Previous studies have already demonstrated the impact of writing is greatest on day 1 

and dissipates on day 2 and 3, presumably as subjects habituate to the procedure (Sloan 

2004, 2005). Our results were consistent with these findings, and a significant main 

effect of writing topic on BPM was only obtained for day 1. Results indicated a 

significant difference in change in BPM from baseline between the neutral and trauma 

writing groups, F (1, 67) = 27.808, p < .001. As shown below in Figure 14, individuals 

who wrote about the trauma topic had an increase in BPM after writing, while neutral 

writers had a decrease in BPM after writing. All other analyses were not significant, p > 

.05. 
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Figure 14. BPM Change from Baseline after Writing 
 
 
 

Radiant Heat Testing 

Following previously used methodology, each participant completed one practice 

radiant heat test, and the latencies from the next two tests were averaged.  To determine 

whether there was a baseline difference in radiant heat withdrawal latencies between no 

trauma history and trauma history individuals, average withdrawal latencies on day one 

of the study (baseline; prior to writing), were entered into ANOVA with trauma history 

as a between subject variable. Using this method, a significant main effect of trauma 

history emerged, F (1, 39) = 4.868, p < .05.  As shown in Figure 15.a, individuals in the 
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trauma history group had significantly shorter withdrawal latencies than those without a 

trauma history. This finding is consistent with data from prior studies in which we found 

preexisting differences in tourniquet tolerance based on trauma history, however it 

should be noted that we did not find a preexisting difference on radiant heat latencies in 

that study (Creech, Grimes & Meagher under review).  

In order to determine whether writing had an effect on day 4 radiant heat withdrawal 

latencies, these were entered into an ANOVA with trauma history and writing topic as 

between subjects variables, and day 1 and day 4 withdrawal latencies as a repeated 

measurement. As shown below in Figure 15.b, a significant interaction effect between 

day of testing (1 or 4) and trauma history emerged, F (1, 36) = 4.011, p = .05. Post hoc 

means comparisons indicated that within the no trauma history group, withdrawal 

latencies were significantly shorter on day four than they were on day one, F (1,17) = 

12.38, p < .01.  Thus, within the no trauma history group, regardless of writing topic, day 

four latencies were significantly shorter than they were on day one, which suggests a 

possible conditioned contextual fear. A second means comparison between day 1 and 

day 4 latencies within the trauma history group approached significance, indicating day 

four withdrawal latencies were shorter than day one latencies, F (1, 19) = 3.86, p = .06.  
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Figure 15. Baseline and Repeated Measures Radiant Heat Latencies 

 
 
 
 

M-VAS Pain Intensity Ratings 

Pain intensity ratings were collected every 5 min for the first 30 min of capsaicin 

application. Ratings were analyzed using ANOVA with trauma group (no trauma history 

or trauma history), writing topic (neutral or trauma), and capsaicin test day (day 4 or one 

month later) as between subjects variables and VAS intensity ratings over time as a 

repeated measurement.  Although there were no main effects of capsaicin test day, 

writing topic, or trauma group (all p’s > .05), a significant interaction between intensity 

ratings over time and trauma group emerged, F (4,312) = 4.248, p <.01 (shown below in 

Figure 16, panel a). Post hoc mean comparisons indicated that the trauma history group 

rated their pain as significantly more intense than the no trauma group, p < .05. All other 

comparisons were not significant, p > .05. 
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Figure 16. VAS Intensity and Unpleasantness Ratings Over Time 
 
 

 

M-VAS Pain Unpleasantness Ratings 

Pain unpleasantness ratings were also collected every 5 min for the first 30 min of 

capsaicin application. Ratings were analyzed using ANOVA with trauma group (no 

trauma history or trauma history), writing topic (neutral or trauma), and capsaicin test 

day (day 4 or one month later) as between subjects variables and VAS unpleasantness 

ratings over time as a repeated measurement. Using this method, a main effect of trauma 

group emerged F (1, 76) =18.76, p < .001, indicating that participants in the trauma 

history group (M = 7.118, SEM = .150) rated their unpleasantness as, on average, 

significantly higher than those in the no trauma history group (M = 5.327, SEM = 167).  

Similar to the intensity ratings, a significant interaction between unpleasantness ratings 

over time and trauma group emerged, F (4, 304) =11.925, p <.001. As depicted above in 

Figure 16.b, post hoc means comparisons indicated significant differences in 

unpleasantness ratings at each of the 5, 10, 15 and 20 min time points, all p’s < .001, 
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indicating the trauma group rated their pain unpleasantness as significantly higher than 

the no trauma group at every time point except for the final 25 minute rating (p = .9). 

Short Term Study Pain Testing Results 

To examine the impact of our independent variables on area of secondary 

hyperalgesia, an ANOVA was used with trauma history and writing topic (neutral or 

trauma), as between-subject variables.  As is depicted in Figure 17, the area of secondary 

hyperalgesia was significantly smaller in the no trauma group than it was in the trauma 

history group. This observation was confirmed by a significant main effect of trauma 

history, [F(1, 34) = 8.329, p < .01]. This effect is similar to the significant finding of 

increased area of secondary hyperalgesia in the trauma group from Experiment 2. There 

were no main effects of writing topic, all p’s > .05.  Although the interaction between 

trauma history and writing topic was not significant, F (1,34) = .615, p = .43,, post hoc 

testing revealed a significant difference between trauma and no trauma history 

participants who wrote about the trauma topic, p < .05. Taken together, these results 

suggest that although trauma writing did not significantly amplify central sensitization in 

the short term, trauma history clearly impacted central sensitization. 
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Figure 17. Area of Secondary Hyperalgesia by Trauma History 
 
 
 

Long Term Study Pain Testing Results 

As depicted below in Figure 18, area was again analyzed using trauma history and 

writing topic (neutral or trauma), as between-subject variables. Results indicated that by 

day 5 the main effect of trauma history was no longer significant, F (1, 43) = .443, p > 

.05. Importantly, the interaction between trauma group and writing topic approached 

significance, F (1, 43) = 3.124, p = .07. Post hoc means comparisons indicated that the 

interaction was driven by a significant difference between trauma and no trauma history 

participants within the neutral writing group, p = .05.  Specifically, individuals with a 

trauma history who wrote about the neutral topic showed a significantly larger area of 

secondary hyperalgesia than the no trauma history group, which is similar to the short-

term pattern of trauma-induced sensitization observed at day 4.  Importantly, the impact 

of trauma history was no longer apparent for trauma writers, suggesting that writing 
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about trauma reversed the impact of trauma history detected in the short-term analysis, 

while neutral writing did not (see Figure 18).  
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Figure 18. Area of Secondary Hyperalgesia Interactions 
 
 
 

To further analyze these data, we conducted an ANOVA entering capsaicin test day, 

trauma group, and writing topic as between group variables. There was an interaction 

between capsaicin test day, trauma group, and writing topic which approached 

significance, F (1, 77) = 3.323, p = .07. Post hoc means comparisons indicated the same 

pattern of group mean differences observed in the separate ANOVAs conducted on day 

4 and day 5 area.  In addition, the no-trauma history participants who wrote about trauma 

on day 5 showed an increased area when compared to no-trauma history participants 

who wrote about trauma on day 4, p < .03.  No other differences were significant. 
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To determine whether there was a between-groups difference in pain intensity within 

the area of hyperalgesia, each participant’s pain intensity ratings from the site of injury 

to the boundary of the area of secondary hyperalgesia was calculated and averaged. 

Although the trauma group seemed to display, on average, lower pain ratings, these 

differences were not significant [F (1,31) = .33, p = .57]. 
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11. EXPERIMENT 3 DISCUSSION 

 

Experiment 3 had several goals.  Our previous studies had all used one day of writing 

followed by pain testing in order to determine whether writing was a sufficient affect 

induction procedure. Most research using writing has participants write over 3-4 days 

followed by measurement of health outcomes about one month later. Our first goal was 

thus to model these studies by extending the writing period to 3 days and using 

laboratory pain as an outcome measure. Using a between subjects design, we tested 

capsaicin pain on day 4 to analyze the short-term impact of writing about trauma, and we 

also tested capsaicin pain one month later in another group to examine the long-term 

impact of trauma writing. The second goal of the study was to replicate previous 

findings in which increased thermal pain was observed immediately after writing about 

trauma. 

Self-reported affect and arousal were collected before and after writing on all 3 days, 

and as expected, results indicated that participants who wrote about the trauma topic 

rated their mood after writing as more negative (PANAS), more unpleasant (SAM) and 

more aroused (SAM) than the neutral writing group. Physiological data confirmed an 

increase in heart rate after writing about trauma on day one, but not on days 2 or 3, 

which is consistent with data from other studies showing the impact of writing about 

trauma declines over time (Sloan & Marx, 2004a). 

Changes in acute pain were tested using the radiant heat device, and participants 

completed this test before writing on day 1 to obtain baseline pain thresholds and on day 
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4 to determine whether the writing procedure impacted pain thresholds.  Importantly, 

results showed a baseline difference between no trauma history and trauma history 

women; women who were positive for a lifetime history of trauma showed significantly 

shorter baseline pain thresholds than no trauma history women. This is consistent with 

data obtained in study 2 in which trauma history women showed a significantly 

increased area of secondary hyperalgesia.  However, in a previous study there was no 

baseline difference in radiant heat latencies due to trauma history (Creech, Grimes & 

Meagher under review). This difference may be due to use of a more specific measure of 

trauma history used in this study. 

On day 4, pain thresholds were significantly shorter than day one thresholds in the no 

trauma history group, suggesting that repeated testing resulted in a sensitization effect. 

This could be attributed to anxiety regarding repeated testing which increased pain 

reactivity, and is similar to accounts of the impact of anxiety on radiant heat latencies 

from previous studies (Rhudy & Meagher 2000). A similar trend was also observed in 

the trauma history group. Taken together, this suggests that regardless of writing topic, 

repeated pain testing sensitized the participants to radiant heat. However it should be 

noted that changes in latencies are difficult to detect due to an overall floor effect with 

this test. 

We looked at the short-term and long-term effects of writing on spontaneous pain 

ratings and area of secondary hyperalgesia using a between subjects design. The short-

term group was administered capsaicin the day after writing, while the long-term group 

was administered capsaicin one-month after writing. Spontaneous pain intensity and 
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unpleasantness ratings during the capsaicin test followed the same pattern observed in 

Experiment 2, and no main effect of writing topic or difference between the short and 

long-term groups emerged.  Trauma history participants rated their pain intensity as 

significantly more intense at the 5-min time point, and tended to show a decline in 

intensity over time, while no trauma history women showed increasing intensity over 

time. The trauma history group also rated their pain unpleasantness as significantly 

higher than the no trauma group at the 5, 10, 15 and 20 min time points. These results 

suggest that preexisting history of trauma is an important variable in influencing 

spontaneous pain, and that it overpowers the impact of written emotional disclosure.  We 

propose that endogenous pain inhibitory mechanisms are not functioning properly in 

trauma history individuals. 

Analyses of area of secondary hyperalgesia in the short-term group revealed a 

significant main effect of trauma history, as well as a significant difference between no 

trauma and trauma history participants who wrote about the trauma topic. These findings 

supported our hypothesis that trauma history would increase pain in the short-term study.  

This effect was reversed for the trauma history participants who wrote about the trauma 

topic in the long-term study, but remained significant for neutral writers in the long-term 

study. This indicates that writing about trauma reversed the effects of trauma history on 

secondary hyperalgesia when tested one month after writing.  
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12. GENERAL DISCUSSION AND SUMMARY 

 

The present series of experiments examined the effects of written emotional 

disclosure on capsaicin-induced pain. Results indicated radiant heat withdrawal 

latencies, spontaneous pain ratings, and area of secondary hyperalgesia were all 

significantly increased when participants had a history of traumatic experiences.  This is 

evidence that trauma history is sufficient to alter pain regulatory mechanisms, and this 

may be attributable to the chronic negative affective state induced by trauma history and 

sensitization of shared circuits involved in both pain and emotion.  CES-D data collected 

in study support this notion as the trauma history group entered the study with 

significantly higher emotional distress.  

One pathway through which emotions impact pain is a circuit linking the amygdala 

(AMG) with the periaquaductal grey (PAG) and rostral ventral medulla (RVM) regions 

of the brain with the dorsal horn region of the spinal cord (Crown et al., 2000; 

McLemore et al., 1999; Rhudy & Meagher 2001, Rosen & Shulkin, 1998, Fields and 

Basbaum 1994).  In addition to transmitting pain signals, this ascending pain pathway 

can also directly activate structures involved in emotion (Rhudy & Meagher 2001). This 

AMG-PAG-RVM circuit is also involved in descending pain modulation, through which 

emotion could influence pain processing at the level of the spinal cord (Fields and 

Basbaum 1999).  

Imaging and other studies have provided evidence for overlap between structures 

involved in pain and structures involved in emotion and cognition (Ranville, 2002). For 
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example, Damasio and colleagues have shown activation in many areas (brainstem 

nuclei, amygdala, and hypothalamus) involved in pain during subjective experience of 

fear, sadness, anger, and happiness (2000). Others have shown activation in the basal 

forebrain, extended amygdala, nucleus accumbens, and PAG in response to tonic heat 

pain (Becerra et al., 2001).  Thus considering the shared biology of pain and emotion, we 

have proposed that the relationship between PTSD and pain is bi-directional. 

Exposure to trauma may change the affective experience of pain through the 

development of depression, anxiety, and affect disregulation after the traumatic event – 

even if these do not reach clinically significant levels (see Meagher et al., 2002; Frewen 

& Lanius, 2006a).  For example, McEwen’s concept of allostatic load predicts both 

physiological and psychological consequences when the body has had to adapt to stress 

too often or has developed dysfunctional psychobiological regulation of stress (McEwen 

1998, McEwen & Wingfeld 2003; Korte et al 2005).  

If this model is extended to consider the impact of repeated stressors that are likely to 

occur, it is easy to see how the emotional and physiological consequences of stress might 

be exacerbated over time.  Support for this view comes from clinical studies linking 

trauma history to chronic pain (e.g., Asmundson et al., 2002; Beckman et al., 1997; 

Drossman et al., 1990; Lampe et al., 2000; Scarinci et al., 1994; Leserman et al., 1996; 

2006; Walker et al., 1993; 1999; Walling et al., 1994) and our results are consistent with 

these prior accounts of increased chronic pain in trauma history groups.  We propose that 

the tonic negative affective state induced by trauma disrupts central and descending pain 

regulatory mechanisms, which may lead to increased basal pain sensitivity  We propose 



 

 

67 

that pain may be enhanced due to a stress-related increase in pro-inflammatory 

cytokines, and this increase is likely exacerbated by alterations in the hormonal system 

designed to inhibit further release of cytokines. Thus, if this effect  is a lasting change 

and occurs in response to repeated stressors it is easy to see how stress might magnify 

pain, and vice versa.   

Empirical evidence exists to support the notion that alterations in the these systems 

would impact pain. Current  research indicates glial activation and a corresponding 

release of proinflammatory cytokines is involved in pain modulation and hyperalgesia 

(Frank, Maier & Watkins, 2005; Watkins &Maier 1998). Specifically, researchers have 

suggested that a stress-induced increase in cytokine levels would amplify pain messages 

sent from the spinal cord to the brain by decreasing the threshold for pain pathway 

activation by a noxious stimulus. (Frank, Maier & Watkins, 2005; Watkins &Maier 

1998).  

Research has also indicated that  PTSD and negative affective states such as 

depression have been linked to increased levels of cytokines (Irwin, 2002).  A recent 

meta-analysis of 293 studies on stress and immunity indicated that both acute stress 

challenges and naturalistic stress challenges overall led to increases in proinflammatory 

cytokines in humans (Segerstrom & Miller, 2004). Further synthesis and release of 

proinflammatory cytokines is normally inhibited by elevated glucocorticoids  (Bertini, 

et. al 1988, Butler et al., 1989, Parant et. al, 1991, Johnson et al. 2002). However, HPA 

axis dysregulation is an accepted psychobiological consequence of PTSD.  To the extent 

that stressful life events interfere with this chain of events by altering effectiveness of 
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this feedback system, further release of cytokines may not be inhibited, thus interfering 

with normal pain processing.   

Although the current study did not examine the immunological variables discussed 

above, results do suggest that preexisting history of trauma is an important variable in 

influencing spontaneous pain, and that it overpowers the impact of written emotional 

disclosure.  In experiment 3, both spontaneous pain ratings to capsaicin and area of 

secondary hyperalgesia were tested in two groups (short term and long-term).  Results 

indicated that trauma history participants rated their pain intensity as significantly more 

intense than the no trauma group at the 5-min time point, and tended to show a decline in 

intensity over time. The trauma history group also rated their pain unpleasantness as 

significantly higher than the no trauma group at the 5, 10, 15 and 20 min time points.  

Results for secondary hyperalgesia indicated trauma history increased the area of 

secondary hyperalgesia in the short-term group. However, when the long-term group 

was tested one-month later, written emotional disclosure reversed this process, and the 

effect of trauma history was only apparent in participants who wrote about the neutral 

topic. This suggests that while written emotional disclosure may not have countered the 

impact of trauma history on spontaneous pain ratings, it can reverse the trauma-induced 

sensitization of allodynia, which is mediated by central sensitization. 

There have been relatively few experimental studies investigating the impact of 

trauma on pain, but most have observed analgesia after exposure to trauma cues (Geuze 

et al., 2007; Nishith et al., 2002; Van der kolk et al. 1999, Pitman et al., 1990).  Pitman 

studied the impact of exposure to a combat video on pain in veterans with and without 
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PTSD (1990).  In addition to increased negative affect and arousal, the veterans with 

PTSD showed a naloxone-reversible decrease in pain intensity ratings after viewing a 

combat video, whereas the veterans without PTSD showed a trend toward increased 

pain. Nishith and colleagues (2002) also reported that cold pain distress ratings were 

negatively correlated with the level of PTSD symptoms and hyperarousal in battered 

women.  It is likely that stress-induced hypoalgesia (analgesia) was not apparent in our 

trauma-history participants because of the delay between the end of writing and post-

writing pain testing (24 hours).  However, we intentionally added a delay in the present 

study in order to compare the short-term and long-term effects of written emotional 

disclosure under equivalent test conditions. To examine whether written emotional 

disclosure induces an acute stress-induced hypoalgesia, future studies would need to test 

the effects of writing immediately following capsaicin application.  

Other studies have also found improvements after writing in clinical populations; 

(Smyth et al., 1999, Kelley et al., 1997), and two studies have also found improvements 

after emotional disclosure in patients with fibromyalgia both 10 weeks (Wetherell et al 

2005) and 4 months (Broderick et al. 2005) after writing.  Although our participants had 

no preexisting health problems, it is possible that the effects observed in this study 

would have been further amplified in a chronic pain group.  For example, overtime 

chronic pain causes changes in descending pain regulation and CNS mechanisms, so 

interventions that alter affect regulation may have more of an impact against a 

background of chronic pain. However, written emotional disclosure’s ability to reverse 

the effects of trauma history on central sensitization is sufficient to warrant further 
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testing of writing and other emotion-processing techniques as interventions for chronic 

pain.   

The present findings suggest that exposure to trauma dysregulates endogenous pain 

modulatory systems, resulting in enhanced spontaneous pain and central sensitization.  

Furthermore, our findings suggest that written emotional disclosure may lead to long-

term changes in pain modulatory pathways that regulate central sensitization, without 

altering systems that regulate spontaneous pain.  It is possible that repeated exposure to 

traumatic stimuli during written emotional disclosure is resulting in a desensitization of 

the amygdala and other limbic structures that are known to regulate both pain and 

emotion. To test this hypothesis, future fMRI studies should examine whether the long-

term decreases in trauma related central sensitization are accompanied by corresponding 

changes in the pattern of activation of these structures. 



 

 

71 

REFERENCES 

Ali Z, Meyer RA, Campbell JN.  Secondary hyperalgesia to mechanical but not heat stimuli 

following a capsaicin injection in hairy skin.  Pain 1996; 68: 401-411. 

Armony J, Corbo V,  Clément M, Brunet A. Amygdala response in patients with acute 

PTSD to masked and unmasked emotional facial expressions. Am J Psychiatry 

2005;162:1961-1963.  

Asmundson G, Coons M, Taylor S, Katz J.  PTSD and the experience of pain: Research and 

clinical implications of shared vulnerability and mutual maintenance models.  Can J 

Psychiat 2002: 47, 930–937. 

Baron R, Wasner G, Borgstedt R, Hastedt E, Schulte H, Binder A, Kopper F, Rowbotham 

M, Levine J, Fields H.  Effect of sympathetic activity on capsaicin-evoked pain, 

hyperalgesia, and vasodilatation.  Neurology 1999; 52: 923-932. 

Baumann T, Simone D, Shain C, Lamotte R. Neurogenic hyperalgesia: The search for the 

primary cutaneous afferent fibers that contribute to capsaicin-induced pain and 

hyperalgesia.  J Neurophysiol 1991; 66(1). 

Becerra L, Breiter H, Wise R, Gonzalez R, Borsook D.  Reward circuitry activation by 

noxious thermal stimuli.  Neuron 2001; 32:927-946. 

Beck A, Ward C, Mendelson M, Mock J, Erbaugh.  J. An inventory for measuring 

depression. Arch Gen Psychiatry 1961; 4:561-71. 

Beckham J, Crawford A, Feldman M, Kirby A, Hertzberg M. Chronic posttraumatic stress 

disorder and chronic pain in Vietnam combat veterans. J Psychosom Res1997; 43, 

379–389. 



 

 

72 

Bobey M, Davidson P. Psychological factors affecting pain tolerance.  J Psychosom Res 

1970; 14(4):371-376. 

Briere J, Runtz M. The trauma symptom checklist (TSC-33) early data on a new scale.  J 

Interpers Violence 1989; 4, 151-163. 

Campbell J, Khan A, Meyer R, Raja S.  Response to heat of C-fiber nociceptors in monkey 

are altered by injury in the receptive field but not by adjacent injury.  Pain 1988; 32: 

327-332. 

Cornwall A, Donderi D.  The effect of experimentally induced anxiety on the experience of 

pressure pain.  Pain 1988; 35:105–113. 

Creech S, Grimes J, Meagher M. Written Emotional Disclosure of Trauma Alters Pain 

Sensitivity, in review, Psychosom Med. 

Crown E, King T, Meagher M, Grau J. Shock-induced hyperalgesia: III. Role of the bed 

nucleus of the stria terminalis and amygdaloid nuclei. Behav Neurosci. 2000; 

Jun;114(3):561-73. 

Culp W, Ochoa J, Cline M, Dotson R.  Heat and mechanical hyperalgesia induced by 

capsaicin.  Brain 1989; 112: 1317-1331. 

Damasio A, Grabowsky T, Bechera A., Damasio H, Ponto L, Parvizi J, Hichwa R. 

Subcortical and cortical brain activity during the feeling of self-generated emotions.  

Nat Neuroscience 2000; 3, 1049-1056. 

de Wied M, Verbaten M. Affective pictures processing, attention, and pain tolerance.  Pain 

2001; 90:163-172. 



 

 

73 

Drossman D, Leserman J, Nachman G. Sexual and physical abuse in women with functional 

or organic gastrointestinal disorders.  Ann Intern Med 1990; 113(11): 828-33. 

Drummond, P. The effect of sympathetic activity on thermal hyperalgesia in capsaicin-

treated skin during body cooling and warming. Eur J Pain 2001, 5,(1):59-67.  

Esterling B, Antoni M, Fletcher M, Margulies S, Schneiderman N.  Emotional disclosure 

through writing or speaking modulates latent epstein - barr virus antibody titers.  J 

Consult Clin Psych 1994, 62(1)130-140. 

Fields HL, Basbaum AI (1999). Central nervous systems of pain modulation. In P.D. Wall & 

R. Melzack (Eds.), Textbook of Pain (pp. 309-329). Edinburgh: Churchill 

Livingston. 

Foa E, Rothbaum B. (1998) Treating the Trauma of Rape: Cognitive-Behavioral Therapy for 

PTSD.  New York:Guilford. 

Frewen P, Lanius R. Psychobiology of PTSD, A decade of progress.  Ann. N.Y. Acad Sci 

2006a; 1071: 110–124. 

Frewen P, Lanius R. Toward a psychobiology of posttraumatic self-dysregulation: 

Reexperiencing, hyperarousal, dissociation, and emotional numbing.  Ann N Y Acad 

Sci 2006b:1071:110-24.  

Frisina P, Borod J, Lepore S.  A meta-analysis of the effects of written emotional disclosure 

on the health outcomes of clinical populations.  J Nerv Ment Dis 2004; 192(9):629-

634. 

Fuchs P, Campbell J, Meyer R.  Secondary hyperalgesia persists in capsaicin desensitized 

skin.  Pain 2000; 84: 141-149. 



 

 

74 

Gedney  J, Glover T, Fillingim R. Sensory and affective pain discrimination after inhalation 

of essential oils. Psychosomatic Medicine 2004; 66:599-606. 

Gillis M, Lumley M, Mosley-Williams A, Leisen J, Roehrs T.  The health effects of at-home 

written emotional disclosure in fibromyalgia: A randomized trial.  Ann Behav Med 

2006; 32(2): 135-146. 

Godinho F, Magnin M, Frot M, Perchet C, Garcia-Larrea L. Emotional modulation of pain: 

Is it the sensation or what we recall?  J Neurosci 2006; 26:11454 –11461. 

Greenberg M, Wortman M, Stone T.  Emotional expression and physical health: Revising 

traumatic memories or fostering self-regulation?  Journal of Personality and Social 

Psychology 1996, 71(3), 588-602. 

Haslam D.  The effect of threatened shock upon pain threshold.  Psychonom Sci 1966; 

6:309–310. 

Jancso N,  Jancso-Gabor A, Szolcsanyi J. Direct evidence for neurogenic inflammation and 

its prevention by denervation and by pretreatment with capsaicin.  Br. J. Pharmacol.  

Chemother 1967; 31:138-151. 

Janoff-Bulman, R. (1992) Shattered assumptions: Toward a new psychology of trauma. New 

York: Free Press.  

Janssen S, Arntz A. Anxiety and pain:  Attentional and endorphinergic influences.  Pain 

1996; 66:145-150. 

Kelley J, Lumley M. Leisen, J. Health effects of emotional disclosure in rheumatoid arthritis 

patients.  Health Psychol 1997;16(4), 331-340. 



 

 

75 

Klede M,  Handwerker H,  Schmelz M. Central origin of secondary mechanical 

hyperalgesia. J Neurophysiol   2003 ; 90: 353-359. 

Klein K, Boals A. Expressive writing can increase working memory capacity.  J Exp 

Psychol Gen 2001; 130(3):520-33. 

Kloss J. Lisman S.  An exposure-based examination of the effects of written emotional 

disclosure.  Brit J Health Psych 2002; 7, 31-46. 

Korte S, Koolhaasb J, Wingfield J, McEwen B.  The Darwinian concept of stress: Benefits 

of allostasis and costs of allostatic load and the trade-offs in health and disease.  

Neurosci Biobehav Rev 2005; 29, 3–38 

Lampe A, Solder E, Ennemoser A, Schubert C, Rumpold G, Sollner W. Chronic pelvic pain 

and previous sexual abuse.  Obstet Gynecol. 2000; 96(6):929-33. 

Lang PJ (1980).  Behavioral treatment and bio-behavioral assessment.  In J.B. Sidowski, 

J.H. Johnson and T.A. Williams, (Eds.), Technology in Mental Health Care Delivery 

Systems (pp. 119-137).  Norwood, NJ: Ablex. 

Lepore, S.J. & Smyth, J.M. (Eds.).  The Writing Cure.  How Expressive Writing Promotes 

Health and Emotional Well-Being.  Washington, DC: American Psychological 

Association: 2002. 

Leserman J,  Zolnoun D, Meltzer-Brody S, Lamvu G, Steege J. Identification of diagnostic 

subtypes of chronic pelvic pain and how subtypes differ in health status and trauma 

history.  Am J Obstet Gynecol 2006; 195(2):554-560. 

Leserman J, Li Z, Drossman D.  How multiple types of stressors impact on health.  

Psychosom Med 2006; 60: 2: 175-181. 



 

 

76 

Littrell, J.  Is the reexperience of painful emotion therapeutic?  Clin Psych Rev 1998, 18(1), 

71-102. 

Magerl W, Wilk S, Treede R. Secondary hyperalgesia and perceptual wind-up following 

intradermal injection of capsaicin in humans.  Pain 1998; 74: 257-268. 

Malow R, West J, Sutker P.  A sensory decision theory analysis of anxiety and pain 

responses in chronic drug abusers.  J Abnorm Psychol 1987; 96(3):184-9. 

Malow R.  The effects of induced anxiety on pain perception: A signal detection analysis.  

Pain 1981; 11:397-405. 

McEwen B, Wingfield J.  The concept of allostasis in biology and biomedicine.  Horm 

Behav  2003; 43(1):2-15. 

McEwen B.  Sex, stress, and the hippocampus: Allostasis, allostatic load and the aging 

process.  Neurobiol Aging.  2002; 23(5):921-39. 

Meagher M, Arnau R, Rhudy J. Pain and emotion: Effects of affective picture modulation.  

Psychosom Med 2001; 63:79-90.  

Meagher M, Ferguson A, McLemore S, King T, Sieve A, Crown E, Grau J.  The generality 

of stress-induced hyperalgesia.  J Exp Psychol: Animal Behavior Processes 2001; 27, 

219-238.  

Meagher M, Illich P, Salinas J. Physostigmine's impact on brief shock-induced hypoalgesia 

parallels its effect on memory.  Neurobiol Learn Mem 1998; 70:374-387. 

Meagher M. Links between chronic pain and traumatic family violence: Biopsychosocial 

pathways and clinical implications.  In K. Kendall-Tackett (Ed); 2004.  Health 



 

 

77 

Consequences of Abuse in the Family: A Clinical Guide for Evidence-Based 

Practice.  Washington, DC: American Psychological Association. 

Mirjam J, Schoutrop A, Hanewald G, Davidovich U, Salomon H. Structured writing and 

processing major stressful events: A controlled trial.  Psychother Psychosom 2002; 

71:151-15. 

Mowrer O. Learning and Behavior.  New York ; Wiley: 1960. 

Nishith P. Stress-induced analgesia: Prediction of posttraumatic stress symptoms in battered 

versus nonbattered women.  Biolog Psych 2002; 51(11) 867-874. 

Orr S, Metzger L, Pitman, Yehuda R.  Psychophysiology of post-traumatic stress disorder.  

Psychiatr Clin North Am 2002; 25(2):271-93. 

Park C, Blumberg C. Disclosing trauma through writing: Testing the meaning-making 

hypothesis.  Cognitive Ther and Res 2002; 26, (5). 

Pennebaker  J, Chung C (2007).  Expressive writing, emotional upheavals, and health. In H. 

Friedman and R. Silver (Eds.), Handbook of Health Psychology (pp 263-284). New 

York: Oxford University Press. 

Pennebaker J, Beall S.  Confronting a traumatic event: Toward an understanding of 

inhibition and disease.  Journal of Abnormal Psychology 1986, 95(3), 274-281. 

Pennebaker J, Kiecolt-Glaser J, Glaser R. Disclosure of traumas and immune function: 

Health implications for psychotherapy.  J Consult Clin Psych 1988, 56 (2) 239-45. 

Pennebaker J, Mayne T, Francis M. Linguistic predictors of adaptive bereavement.  J Pers 

Soc Psychol 1997; 72, 863–871. 



 

 

78 

Pennebaker J, Susman J. Disclosure of psychosomatic processes.  Soc Sci Med 1988; 26: 

327-332. 

Pennebaker J, Watson D.  Health complaints, stress, and distress: Exploring the central role 

of negative affectivity. Psychological Review 1989; 96( 2), 234-254 . 

Pitman R,  Van Der Kolk B,  Orr S, Greenberg M. Naloxone-reversible analgesic response 

to combat related stimuli in post-traumatic stress disorder.  Arch Gen Psychiat 1990; 

47:541-544. 

Poundja J, Fikretoglu D, Brunet A. The co-occurrence of posttraumatic stress disorder 

symptoms and pain: Is depression a mediator? J Trauma Stress 2006; 19, 747–751. 

Radloff L. The CES-D Scale: A self-report depression scale for research in the general 

population.  Appl Psych Meas 1977; 1, 385-401. 

Raja S, Campbell J, Meyer R.  Evidence for different mechanisms of primary and secondary 

hyperalgesia following heat injury to the glabrous skin.  Brain 1984; 107: 1179-

1188. 

Ranville P. Brain mechanisms of pain affect and pain modulation.  Current Opinion in 

Neurobiology 2002; 12, 195-204. 

Ren, K. & Dubner, R. Descending modulation in persistent pain: An update.  Pain 2002;100, 

1-6. 

Resick, P.  Schnicke, M.  Cognitive processing therapy for rape victims: A treatment 

manual.  Thousand Oaks, California;Sage : 1993. 



 

 

79 

Rhudy J, Gerstein J, Gaulke K, Trevino A, Lindsey A, Reeves K, Evans S, Goldthwaite A, 

Meagher M. Divergent effects of fear and anxiety on human pain thresholds using 

radiant heat.  Society for Neuroscience Abstracts 1999; 25:144. 

Rhudy J, Meagher M. Fear and anxiety: Divergent effects on human pain thresholds.  Pain 

2000; 84:65-75. 

Rhudy J, Meagher M. Fear-induced hypoalgesia in humans: Effects on low intensity thermal 

stimulation and finger temperature.  J Pain 2004; 5:458-468. 

Rhudy J, Meagher M. Individual differences in the emotional reaction to shock determines 

whether hypoalgesia is observed.  Pain Med 2003; 4:244-256. 

Rhudy J, Meagher M. Negative affect: Effects on an evaluative measure of human pain.  

Pain 2003; 104:617–626. 

Rhudy J, Meagher M. Noise stress and human pain thresholds: Divergent effects in men and 

women.  J Pain 2001; 2:57-64. 

Rhudy J, Williams A, McCabe K, Nguyen M, and Rambo P.  Affective modulation of 

nociception at spinal and supraspinal levels.  Psychophys 2005; 42:579-587. 

Rosen J, Shulkin J.  From normal fear to pathological anxiety.  Psychol Rev 1998; 105: 325-

350. 

Rosen J, Shulkin J .  From normal fear to pathological anxiety. Psychol Rev 1998;105: 325-

350. 

Scarinci I, McDonald-Haile J, Bradley L, Richter J.  Altered pain perception and 

psychosocial features among women with gastrointestinal disorders and history of 

abuse: A preliminary mode. JAMA 1994; 2:108-118. 



 

 

80 

Schmahl  C, Elzinga  B, Ebner U , Simms T, Sanislow C, Vermetten E, McGlashand T, 

Bremner J. Psychophysiological reactivity to traumatic and abandonment scripts in 

borderline personality and posttraumatic stress disorders: A preliminary report.  

Psychiatry Res 2004; 126: 33–42. 

Schumacher R, Velden M. Anxiety, pain experience, and pain report: A signal detection 

study.  Percept Mot Skills 1984; 58:339–349. 

Shin L, Orr S, Carson M, Rauch S, Macklin M, Lasko N, Marzol Peters P, Metzger L, 

Dougherty D, Cannistraro P, Alpert N, Fischman A, Pitman R. Regional cerebral 

blood flow in amygdala and medial prefrontal cortex during traumatic imagery in 

male and female Vietnam veterans with PTSD.  Arch Gen Psychiatry 2004; 61:168-

176. 

Sieve A, King T, Ferguson A, Grau, J, Meagher M. Pain and negative affect: Evidence the 

inverse benzodiazepine agonist DMCM inhibits pain and learning in rats.  

Psychopharmacology 2001; 153:180-190. 

Simone D, Baumann T, LaMotte R.  Dose-dependent pain and mechanical hyperalgesia in 

humans after intradermal injection of capsaicin.  Pain 1989; 38: 99-107.   

Simone D, Sorkin L, Oh U, Chung J, Owens C, LaMotte R, Willis W. Neurogenic 

hyperalgesia: Central neural correlates in responses of spinothalamic tract neurons.  J 

Neurophysio;66, 228-246. 

Simone DA, Baumann TK, Collins JG, LaMotte RH.  Sensitization of cat dorsal horn 

neurons to innocuous mechanical stimulation after intradermal injection of capsaicin.  

Brain Res. 1989; 486(1):185. 



 

 

81 

Sloan D, Marx B, Epstein E.  Further examination of the exposure model underlying the 

efficacy of written emotional disclosure.  J Consult Clin Psych 2005; 733: 549-554. 

Sloan D, Marx B.  A closer examination of the structured written disclosure procedure.  J 

Consult Clin Psych 2004a; 72:2:165-175. 

Sloan D, Marx B. Taking pen to hand: Evaluating theories underlying the written disclosure 

paradigm.  Clin Psychol-Sci Pr 2004b; 11:2:121-137. 

Smyth J, Stone A, Hurewitz A, Kaell A. Effects of writing about stressful experiences on 

symptom reduction in patients with asthma or rheumatoid arthritis.  JAMA 1999, 

281(14), 1304-1309. 

Smyth J, True N, Souto J. Effects of writing about traumatic experiences: The necessity for 

narrative structuring. J Soc Clin Psychol 2001, 20(2) 161-172. 

Smyth J. Written emotional expression: Effect sizes, outcome types, and moderating 

variables.  J Consult Clin Psych 1998, 66(1), 174-184. 

Snyder D, Gordon K, Baucom D. Treating affair couples: Extending the written disclosure 

paradigm to relationship trauma.  Clin Psychol-Sci Prac 2004, 11(2), 155-159. 

Sullivan M, Neish N.  The effects of disclosure on pain during dental hygiene treatment: The 

moderating role of catastrophizing.  Pain 1999; 79, 155-163. 

Taylor , S (1999) Health Psychology. New York:McGraw Hill. 

Torebjork H, Lundberg L, LaMotte R. Central changes in processing of mechanoreceptors 

input in capsaicin-induced secondary hyperalgesia in humans.  Journal of Physiol 

1992; 448: 765-780. 



 

 

82 

Villemure C, Slotnick B, Bushnell M. Effects of odors on pain perception: Deciphering the 

roles of emotion and attention.  Pain 2003; 106:101-108. 

von Graffenried B, Adler R, Abt K, Neusch E, Spiegel R.  The influence of anxiety and pain 

sensitivity on experimental pain in man.  Pain 1978; 4: 253–263. 

Walker E, Katon W, Roy-Byrne P, Jemelka R, Russo J. Histories of sexual victimization in 

patients with irritable bowel syndrome or inflammatory bowel disease Am J Psychiat 

1993; 150:1502-1506. 

Walker E, Unutzer J, Rutter C, Gelfand A, Saunders K, VonKorff M, Koss M, Katon W, 

Costs of health care use by women HMO members with a history of childhood abuse 

and neglect.  Arch Gen Psychiatry 1999; 56:609-613. 

Walling M, Reiter R, O’Hara M, Milburn A, Lilly G, Vincent S. Abuse history and chronic 

pain in women: I. Prevalence of sexual abuse and physical abuse.  Obstet Gynecol 

1994; 84, 193-199. 

Watkins R, Maier  S. The pain of being sick: Implications of immune-to-brain 

communication for understanding pain. Annual Rev Psych 2000; 51: 29-57.  

Weisenberg M, Aviram O, Wolf Y, Raphaeli N. Relevant and irrelevant anxiety in the 

reaction to pain.  Pain 1984; 20(4):371-83. 

Wieseler-Frank J,  Maier S, Watkins L. Immune-to-brain communication dynamically 

modulates pain: Physiological and pathological consequences.  Brain Behav Immun 

2005; 19 (2), 104-111. 

Willer J, Boureau F, Albe-Fessard D. Supraspinal influences on nociceptive flexion reflex 

and pain sensation in man.  Brain Res 1979; 21:179(1):61-8. 



 

 

83 

Willer J, Dehen H, Cambier J. Stress-induced analgesia in humans: Endogenous opioids and 

naloxone-reversible depression of pain reflexes.  Science 1981; 212: 689-691. 

Wunsch A, Philippot P, Plaghki L. Affective associative learning modifies the sensory 

perception of nociceptive stimuli without participant’s awareness.  Pain 2003; 

102:27–38. 

Yehuda R. Post-traumatic stress disorder. N Engl J Med 2002;346:108-114. 

Zelman D, Howland E, Nichols S, Cleeland C.  The effects of induced mood on laboratory 

pain.  Pain 1991; 46:105-111.  

Ziegler E, Mager W, Meyer R, Treede R. Secondary hyperalgesia to punctate mechanical 

stimuli. Brain 1999; 122 (12), 2245-2257. 

Zubieta J, Smith Y, Bueller J, Xu Y, Kilbourn M, Jewett D, Meyer C, Koeppe R, Stohler C. 

Mu-opioid receptor-mediated antinociceptive responses differ in men and women. J 

Neurosci 2002;15; 22(12):5100-5107. 

Zubieta O, Ketter T, Bueller J, Xu Y, Kilbourn M, Young E, Koeppe R, Regulation of 

human affective responses by anterior cingulate and limbic µ-Opioid 

neurotransmission.  J Arch Gen Psychiatry.  2003; 60:1145-1153.



 

 

84 

APPENDIX 

Figure Captions 

 Figure 1. Diagram of the capsaicin application site and grid drawn on forearm. 
 
 Figure 2.Timeline of procedures and method of experiment 1. 
 
 Figure 3a. SAM valence ratings taken before writing, at 10 min and at 20 min for 
neutral and trauma writers. Participant valence ratings were significantly different at the 
ten-minute time point between neutral and trauma writers. 
 
 Figure 3b. SAM arousal ratings taken before writing, at 10 min and at 20 min for 
neutral and trauma writers. Participant arousal ratings were significantly different at the 
ten-minute time point between neutral and trauma writers. 
 
 Figure 4.  Change in BPM from baseline after 20 minutes of writing. Neutral writers 
displayed a decrease in heart rate while trauma writers had an increase in heart rate. 
  
 Figure 5. The main effect of writing topic on M-Vas ratings of pain intensity and 
unpleasantness. Participants who wrote about the trauma topic rated their pain as 
significantly less intense and less unpleasant than neutral writers.  
 
 Figure 6. The interaction effect of writing topic and pain unpleasantness VAS ratings 
over time during the capsaicin test. Trauma writers rated their pain as significantly less 
unpleasant at the 28 min and 30 min time points.  

 
 Figure 7. Timeline of procedures and method of experiment 2. 

 
 Figure 8a. VAS pain intensity  ratings taken every 5 min. during the capsaicin test  
for both no-trauma and trauma history participants. 
 
 Figure 8b. Change scores for VAS pain intensity ratings between the 5 min and 25 
min time points. The trauma history group had an overall decrease in  pain intensity 
while the no-trauma history group had an increase. 
  
 Figure 9a. VAS unpleasantness ratings taken every 5 min. during the capsaicin test  
for both no-trauma and trauma history participants. 
 
 Figure 9b. Change scores for VAS pain unpleasantness ratings between the 5 min 
and 25 min time points. The trauma history group had an overall decrease in  pain 
unpleasantness while the no-trauma history group had an increase. 
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 Figure 10. The area of secondary hyperalgesia by trauma history group. Area was 
significantly smaller in the no trauma history group. 
  
 Figure11. Timeline of procedures and method of experiment 3. 
 
 Figure12a. Participant ratings of valence and arousal on the SAM after writing. 
Participants who wrote about the trauma topic rated their arousal and valence levels as 
significantly higher than participants who wrote about the neutral topic. 
 
 Figure12b. Participant mood ratings on the PANAS after writing. Ratings were 
significantly more negative for the trauma writing group. 
 
 Figure13a. BPM taken at baseline for both the no trauma and the trauma-history 
groups. 
 
 Figure13b. SCL taken at baseline for both the no trauma and the trauma-history 
groups. 
 
 Figure14. Change in BPM between baseline and after writing. BPM increased 
significantly for trauma writers. 
 
 Figure15a.. Baseline radiant heat withdrawal latencies in seconds taken on day 1. 
Latencies were significantly shorter for the trauma history group.  
 
 Figure15b.. Baseline radiant heat withdrawal latencies in seconds taken on day 1 
compared to withdrawal latencies on day 4. 
 
 Figure16a. VAS pain intensity  ratings taken every 5 min. during the capsaicin test  
for both no-trauma and trauma history participants. 
 
 Figure16b. VAS pain unpleasantness  ratings taken every 5 min. during the capsaicin 
test  for both no-trauma and trauma history participants. 
 
 Figure17. . Area of secondary hyperalgesia on day 4 of the short-term study. The 
area was significantly greater in the trauma history group. 
 
 Figure18. The area secondary hyperalgesia on day 4 of the short-term study by 
trauma history and writing topic, and  the area secondary hyperalgesia on day 5 of the 
long-term study by trauma history and writing topic. 
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