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Abstract: This study explored the effects that anticipatory stress before athletic 
competition may have on human pain perception.  Soccer and basketball players were 
tested for pain thresholds, salivary cortisol concentrations, as well as general arousal 
before games, practices, as well as a non-exercise baseline session.  An analgesic 
response was demonstrated before practices and games as compared to baseline sessions, 
however no significant difference was found between the practice and game sessions 
themselves.  In soccer players, cortisol was found to be significantly higher before games 
as compared to either of the other two sessions.  It is proposed that analgesic responses to 
practices and games may still be due to a stress response.  Additionally, confounding 
factors are discussed such as ambient temperature during testing and the success of the 
team being tested.  Recommendations for future research are also made. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Overview 

Pain, while an unpleasant experience, plays a tremendous role in an organism’s 

survival.  The perception of noxious stimuli is the mechanism by which humans and 

other organisms are able to prevent tissue damage and other harm.  Such stimuli are 

transmitted via the peripheral and central nervous systems in a process known as 

nociception.  Pain is the body’s signal that something is wrong, and that responsive action 

should be taken.  

As a result of pain’s important role in survival, researchers have attempted to 

understand both the mechanisms of noxious signal transmission as well as behaviors 

associated with the perception of pain.  Hundreds of years ago, Descartes postulated that 

a pain signal was carried via a channel from the noxious stimulus to the brain (Gatchel, 

1999).  Beliefs regarding both noxious and innocuous stimuli transmission continued 

Descartes’ initial idea that a signal is carried from the stimulus itself to our brain.  

Throughout the 20th century, research focused on Von Frey’s specificity theory of 

pain, in which specific receptors were believed to be specialized for noxious stimuli 

(Gatchel, 1999).  A reductionist view of pain systems was prominent and pain was still 

understood, not too unlike Descartes’ postulation, as a tangible signal traveling via nerves 

from the skin to the brain. 

Only recently has the transition begun to incorporate a biopsychosocial model of 

pain (Gatchel, 1999).  The notion that the outside environment, including external 

stressors, can affect nociception has begun to be studied intensely within the past 30 

years.  This biopsychosocial model acknowledges that while the neurological pathways 

involved in nociception can be modified by the external environment, pain itself is still a 



perceptual experience constructed from this nociceptive signal.  Accordingly, treatment 

of pain has also begun to follow this same model (Gatchel, 1999).  However, the study of 

pain and the environmental influences on the sensation is not complete.  This study 

expected to explore how stress, as an environmental stimulus, can affect human pain 

sensation. 

Specifically, the current study examined the phenomenon of stress-induced 

analgesia in competitive athletes immediately before athletic competition.  The 

phenomenon of stress-induced analgesia has been studied extensively in both animals and 

humans.  This topic will be discussed in depth throughout the paper.  The current study 

also measured a cortisol response to confirm that participants were experiencing 

anticipatory stress before competition.  The relationships between stress hormone 

pathways and analgesia will also be discussed.  However, in order to understand fully the 

phenomena under study, information on the pain pathways themselves must be supplied.  

In order to do so, the paper will describe the neural pain pathways in both the peripheral 

and central nervous system.  Subsequently, the suspected mechanisms for the modulation 

of nociception will also be described.  Finally, the progression of research that led to the 

current study will be outlined preceding the description of the current study itself. 

 

Background 

While noxious stimuli can arise from within the body due to injury or illness, the 

current study focused on noxious stimuli applied to the skin.  Innervated by an array of 

sensory neurons, the skin surface provides a logical starting point for the discussion of 

pathways involved in nociception.  Stimuli to the skin is conveyed to the appropriate 



brain locations via the peripheral nervous system, which transmits information to the 

spinal cord.  In order to understand fully the process by which nociception information is 

conveyed, the systems by which it travels must be explained. 

Comprising the peripheral nociceptive system are three principle fiber types.  

Together, these fibers make up the nerves that travel throughout the body, providing 

sensation from the skin surface.  The three types of fiber are the Aβ-fiber, the Aδ-fiber, 

and the C-fiber.  Between the three of them, the Aβ-fiber is a larger diameter, myelinated 

neuron fiber.  The Aδ-fiber, while still myelinated, is much thinner in diameter.  Finally, 

the C-fibers are both thin as well as unmyelinated.  Due to the differences in diameter and 

thickness, the conduction speeds along these fibers vary greatly.  The myelination and 

large diameter of the Aβ-fiber allows it to conduct the most rapidly of the three.  The 

other two fiber types conduct much slower because of their thinner diameters.  Aδ-fibers 

conduct at a rate between 5-30m/s while the unmyelinated C-fibers transmit at less than 

1m/s (Basbaum & Jessell, 2000).   

Differentiating the three fibers is their respective roles in nociception.  Due to 

their high firing rate, Aβ-fibers are suitable for fine touch sensation in which minor 

changes in the texture of a stimulus can be detected as it moves over the skin.  For this 

reason, Aβ-fibers are primarily non-nociceptive and do not respond differentially to 

noxious stimuli (Fields, 1987).  Conversely, in studies which measure potentials along 

the axons of afferent sensory fibers, both Aδ- and C-fibers are shown to respond 

maximally to noxious stimuli (Fields, 1987).  Such fibers that respond to noxious stimuli 

are called “nociceptors.”  Noxious stimuli fall into three distinct categories.  Mechanical 

stimuli are those in which pressure is applied to the innervated tissue itself.  Additionally, 



thermal stimuli involve a change in temperature around the fiber.  Finally, chemical 

stimuli are chemicals (endogenous and exogenous) that are able to initiate an action 

potential in the peripheral nervous system fibers.  All three types of stimuli can be either 

noxious or innocuous.  Concerning thermal stimuli, which are used to assess pain in the 

current study, nociceptors begin to respond once the temperature around the fibers 

exceeds a certain threshold.  For nociceptors, this temperature is usually around 45°-47° 

C (Fields, 1987) or below 5°C (Basbaum & Jessell, 2000). 

While it is important to remember that pain is a conscious perceptual experience 

and nociception is the stimulation of nociceptive fibers, a positive relationship has been 

demonstrated between the firing of Aδ-fibers and a reported sensation of pain in human 

subjects (Fields, 1987).  Therefore, pain behaviors in response to noxious stimuli can be 

used to study the activity in these nociceptive fibers.  Signaling in each of the two types 

of nociceptors is suspected to elicit differing sensations of pain in humans.  Studies have 

approached this phenomenon by selectively blocking transmission in either Aδ-fibers or 

C-fibers when a noxious stimulus is applied.  Aδ-fiber transmission can be disrupted with 

sufficient compression to the fiber itself (Fields, 1987).  Meanwhile, C-fibers are 

particularly sensitive to the action of local anesthetics (Fields, 1987).  Being able to block 

individual fibers selectively allows researchers to examine the pain sensation associated 

with transmission along each fiber.  First, after using compression to block signaling in 

Aδ-fibers, researchers can apply a noxious thermal stimulus.  Reports of the subject’s 

sensation are then acquired.  Subject reports indicate the initial sharp pain associated with 

intense thermal stimulus is gone, but remaining is the duller, burning sensation that 

follows the initial burst of pain (Price et al., 1977).  Conversely, when C-fibers are 



selectively blocked by small amounts of local anesthetic, the dull burning pain is 

eliminated, but remaining is the initial spike in pain sensation (Campbell & LaMotte, 

1983).  These results correspond nicely with what has been established about the 

transmission rates of the two nociceptors.  Due to their myelination, Aδ-fibers have a 

faster rate of transmission than the unmyelinated C-fibers.  This difference in speed 

allows the Aδ-fibers to transmit the first sensations of pain, while the C-fibers’ slower 

rate contributes to the longer, duller sensation of pain that is stretched over time (Fields, 

1987).  It is important to remember that noxious stimuli are usually accompanied by non-

nociceptive sensations from Aβ-fibers as well.  A painfully hot element applied to the 

skin is also accompanied by an innocuous pressure sensation.  In studies that test 

responses to these stimuli, experimenters must remember that nociceptors are not 

activated explicitly.   

Often, noxious stimuli impinge upon the peripheral fibers of the nervous system 

repeatedly within a short amount of time.  Additionally, studies which examine pain 

behavior often apply multiple stimuli in order to obtain averages over time.  A process 

referred to as sensitization is the nervous system response to multiple noxious stimuli 

within a short amount of time.  Sensitization refers to nociceptors becoming more 

sensitive to a noxious stimulus after repeated exposure (Fields, 1987).  This is observed 

in both the myelinated and unmyelinated nociceptors.  For example, after repeated 

exposure to a noxious thermal stimulus, nociceptors fire more vigorously with additional 

exposures.  Furthermore, less extreme temperatures would be required to elicit a 

nociceptive response from these sensitized fibers (Fields, 1987).  Sensitization plays an 

important role in protecting against further tissue damage after an initial injury.  By 



lowering the threshold for nociceptors to activate, sensitization discourages further use of 

the injured part of the body.  The spread of increased nociceptive sensitivity to areas 

surrounding an injury site is called hyperalgesia (Fields, 1987).  In order to understand 

fully how this occurs, the endogenous chemicals that activate nociceptors need to be 

discussed. 

In addition to external stimuli, chemicals released by the body after injury can 

activate nociceptive pathways.  In the event of tissue damage, the broken cells from that 

tissue leak contents into the surrounding extracellular space.  Such cell contents include 

potassium, histamine, acetylcholine, serotonin, and Adenosine Triphosphate (ATP).  

Additionally, cells in tissue can release chemicals in response to damage (Fields, 1987). 

Nociceptors also may release chemicals themselves, upon activation (Fields, 1987).  

Together, these processes increase the extracellular concentration of chemicals that 

themselves can activate more nociceptors.  Often these same chemicals are involved in 

the swelling and redness responses to injury as the body attempts to repair the damage 

(Fields, 1987).  As these chemicals diffuse around the injured area, activating additional 

nociceptors, sensitization can occur.  Thus, nociceptors in tissue surrounding injuries can 

be activated by much less intense stimuli, causing the familiar tenderness around an 

injury (Fields, 1987). 

Obviously, nociception is not entirely manifested in the peripheral nervous 

system.  In addition to afferent nociceptors, the spinal cord plays a crucial role in pain 

signaling pathways as well as modulating pain, the phenomenon explored by the current 

study.  From the periphery, afferent fibers send their signal to their respective cell bodies 

which are located just outside the spinal cord in the dorsal root ganglia.  From there, the 



cell bodies send axons into the dorsal horn of the spinal cord.  These axons segregate 

themselves by thickness and myelination as well.  Once again, a differentiation between 

Aβ-, Aδ-, and C-fibers can be observed.  However, despite their differences, all three 

fiber types terminate on neurons in the dorsal horn of the spinal cord (Basbaum & Jessell, 

2000). 

Within the dorsal horn, cell structure, density, and appearance have been used to 

subdivide the structure into different layers called “laminae” (Fields, 1987).  Both 

nociceptive and non-nociceptive fibers terminate in different laminae.  Within the dorsal 

horn, spanning across multiple laminae, one can observe interneurons which can play a 

crucial role in pain modulatory mechanisms, based in the spinal cord itself (Basbaum & 

Jessell, 2000).  While afferent fibers transmit stimulus information from the periphery 

and efferent fibers outgoing from the central nervous system transmit this information via 

the spinal cord, these interneurons serve to connect and modulate the interaction between 

these classes of fibers.  These interneurons can inhibit the activity of efferent fibers based 

on input from afferent fibers.  This specific pain modulation mechanism will be discussed 

in more detail later on.  However, most of this modulation occurs in the second laminar 

layer, the substantia gelatinosa, where C-fibers predominately terminate (Basbaum & 

Jessell, 2000).  The layers are organized such that the first layers are the most superficial 

in the spinal cord, while subsequent layers are deeper and closer to the central canal that 

runs through the middle of the cord.  Terminating in Lamina I are predominately Aδ-

fibers (Basbaum & Jessell, 2000).  Another important layer for nociception is lamina V, 

which receives input from both Aβ- and Aδ-fibers (Basbaum & Jessell, 2000).  Receiving 



input from both nociceptive and non-nociceptive fibers is important for the spinal cord’s 

pain modulation mechanisms. 

In addition to the chemicals that affect the peripheral nociceptive system, 

neurotransmitters and chemicals within the spinal cord are critical in nociceptive 

signaling.  The primary synaptic neurotransmitter for nociceptive fibers terminating in the 

spinal cord is the amino acid, glutamate (Basbaum & Jessell, 2000).  However, in 

addition to the locally acting glutamate, Substance P is a neuropeptide that is released 

primarily from C-fibers (Basbaum & Jessell, 2000).  Much like the chemicals involved in 

sensitization, Substance P has the ability to diffuse out of the synapse and activate 

surrounding spinal cord neurons.  Substance P also has been shown to enhance glutamate 

action.  The diffusive characteristic of Substance P helps explain the poorly localized 

character of some pains (Basbaum & Jessell, 2000). 

Once spinal cord neurons have been depolarized by the neurotransmitters 

involved, they can follow a number of different paths to different parts of the brain.  Each 

path and its respective cortical destination, plays a different role in the transformation of 

nociception into pain sensation.   

The most prominent of these nociceptive pathways is the spinothalamic tract 

(Basbaum & Jessell, 2000).  This pathway actually crosses over to the anterolateral white 

matter of the spinal cord, contralateral to the dorsal horn innervated by the afferent fibers.  

From there, these fibers travel the length of the spinal cord and finally terminate in the 

thalamus, where signals are relayed to appropriate cortical areas (Basbaum & Jessell, 

2000).  However, complete crossover in the spinal cord is not achieved.  Some 

nociceptive information is transmitted via the ipsilateral side of the cord (Fields, 1987).  



This has been demonstrated by case studies in which spinal cord injury that partially 

severs the cord occurs, keeping intact only one of the anterolateral pathways.  However, 

in these rare examples, noxious stimuli information from one side of the body is still 

transmitted via the ipsilateral side of the spinal cord (Fields, 1987).  The spinothalamic 

tract’s role in nociception has been experimentally confirmed.  Through acute electrical 

stimulation of the fibers in the tract, a sensation of pain can be elicited in human subjects 

(Basbaum & Jessell, 2000).  Additionally, one surgical procedure designed to reduce 

chronic pain is the anterolateral cordotomy, which comprises lesioning this tract in the 

cord.  The procedure results in an evident reduction in pain and temperature sensation 

below the lesion (Fields, 1987).  However, the surgery rarely provides complete loss of 

nociception.  The initial marked decrease in pain sensitivity can be transient.  

Additionally, sensitivity to very intense stimuli can be preserved (Fields, 1987).  Such 

phenomena point to other spinal pathways involved in nociception. 

Another one of these important pathways is the spinoreticular tract.  Also 

ascending along the spinal cord in the anterolateral quadrant, the fibers in this tract 

originate in deeper laminae VII and VIII (Basbaum & Jessell, 2000).  However, unlike 

the spinothalamic tract, these fibers project to both sides of the reticular formation, not 

principally the contralateral side (Fields, 1987).  The tract travels to the reticular 

formation of the medulla and pons, and finally terminates in the thalamus (Basbaum & 

Jessell, 2000).  The tract appears to be evolutionarily older than the spinothalamic tract, 

as it is found in all vertebrates, even those without a spinothalamic tract (Fields, 1987).  

The universality of this pathway across various taxonomic classes suggests that the 

pathway is not involved in more complex cognitive constructs of pain.  The activation of 



the reticular formation in the brain stem lends credence to this argument, as the brain 

stem is more associated with general arousal.  Thus, rather than a cognitive aspect of 

pain, activation of the reticular formation is responsible for eliciting the arousing 

characteristics of pain (Fields, 1987). 

An additional spinal cord pathway is responsible for the affective, or emotional, 

component of pain sensation.  The spinomesencephalic tract also travels anterolaterally, 

and travels via the mesencephalic reticulum, to the periaqueductal gray, and finally to the 

amygdala (Basbaum & Jessell, 2000).  This tract does not travel via the anterolateral 

quadrant, and thus may be responsible for the pain sensation that remains following 

anterolateral cordotomy (Basbaum & Jessell, 2000).  The amygdala is a major component 

of the limbic system, which is believed to be the neurological seat of emotion (Basbaum 

& Jessell, 2000).  The connection to this system is responsible for the affective 

component of noxious stimulus.  While some studies only examine the intensity of a pain 

perception, others target the emotional component by acquiring self-reports from subjects 

on the unpleasantness of the pain, as opposed to its intensity.  The unpleasantness ratings 

of pain help researchers explore the affective component of pain.  Furthermore, the 

spinomesencephalic tract’s connection to the periaqueductal gray is a pathway which 

plays a role in pain modulation mechanisms that originate in the brain.  Such pathways 

will be later discussed more in depth. 

The final pathway to be discussed which affects the construct of pain itself is the 

spinohypothalamic tract.  This arises from laminae at all depths, originating in layers I, V, 

and VIII (Basbaum & Jessell, 2000).  The pathway ascends to the autonomic control 

centers of the brain in the hypothalamus (Basbaum & Jessell, 2000).  This connection 



activates complex endocrine and cardiovascular responses to noxious stimuli (Basbaum 

& Jessell, 2000).  From a William Jamesian perspective, these autonomic responses are 

crucial to the affective component of pain.  However, William James aside, these changes 

in heart rate, blood pressure, and hormone levels are at least cues which contribute to the 

elicitation of pain sensation. 

Finally, at the supraspinal level, noxious signals elicit a conscious perception of 

pain by interacting with various structures of the cortex and sub-cortex.  Involved in the 

relays of most sensory information, the thalamus plays an important role in redirecting 

signals to appropriate parts of the brain.  The thalamus is one of many brain regions 

showing activation in hemodynamic imaging, when subjects endure noxious stimulus 

(Tölle, 1999).  Furthermore,  PET imaging has shown that activation of the thalamus is 

positively correlated to a subject’s pain sensitivity (Tölle, 1999).  Individuals that 

categorize a stimulus as painful at a lower temperature tend to show higher thalamic 

activity.  En route, nociceptive pathways tend to target two main sections of the thalamus, 

the lateral and medial nuclear groups (Basbaum & Jessell, 2000).  Each of these two 

sections contributes differently to the perception of pain while still serving as a relay to 

different locations in the brain. 

 Different cortical regions have also been identified as responding to noxious 

stimuli.  The anterior cingulate cortex (ACC) is one of these regions that have been 

shown to respond to noxious stimuli.  In one PET study, the ACC shows a bilateral 

response to pain on either side of the body (Tölle, 1999).  This region of the cortex has 

also been demonstrated to activate in relation to a subject’s need to choose a correct 

response during a cognitive task (Banich, 2004).  This function of the ACC may mesh 



well with human pain perception.  The activation of the ACC may focus the individual’s 

attention on the possible reaction that needs to occur (Tölle, 1999).  Further 

hemodynamic study of the ACC has shown increased activation when subjects perceive 

the painful stimulus to be uncontrollable (Salomons et al, 2004).  The researchers suggest 

that the ACC’s role in pain perception may be to integrate information about the 

stimulus’ context with the sensory information in order to promote a context appropriate 

response (Salomons et al, 2004).  Unlike the pattern with thalamic activation, subjects 

with a higher pain threshold have been shown to have higher activation of the ACC 

(Tölle, 1999).  The ACC also is involved in emotional neural pathways.  Connections 

between the ACC and the limbic system have been established (Banich, 2004).  In one 

PET study, the unpleasantness ratings of pain were altered through hypnotic 

suggestibility, without changing the actual intensity of the stimulus.  As ratings of 

unpleasantness increased, ACC activation also increased (Rainville et al., 1997).  Thus, in 

addition to other brain structures, the ACC has been shown to play a role in affective 

components of pain. 

In addition to the ACC showing increased blood flow during noxious stimulation, 

the posterior cingulate cortex (PCC) shows activation as well (Tölle, 1999).  This region 

of the brain has been implicated in interfacing cognition with emotion via its connections 

to the limbic system (Banich, 2004).  Thus, it is possible that the PCC plays a role in 

recognizing the affective components of pain.  The PCC also shares many connections 

with other cerebral regions and therefore is believed to play a role in the integration of 

stimuli (Tölle, 1999).  Determining which of these two roles the PCC handles in pain 

perception, if not both, will require further focused research. 



Away from the cingulate cortices, the insular cortex has also been implicated in 

pain perception (Basbaum & Jessell, 2000).  Tucked inside the Sylvian fissure, just below 

the somatosensory cortex, this region of the brain plays a large role in integrating 

multiple components of pain.  Direct electrical stimulation of the upper posterior insula 

elicits painful sensations in human epileptic patients (Ostrowsky et al., 2002).  Pain 

sensations from this study were felt in the limbs as well as across the face (Ostrowsky et 

al., 2002).  In addition, patients with lesions to this area also exhibit emotional deficits in 

pain perception (Berthier et al., 1987; cited in Greenspan et al., 1999).  These patients 

failed to acknowledge to the affective component of painful stimuli (Berthier et al., 1987; 

cited in Greenspan et al., 1999).  According to these lesion studies, the insular cortex 

likely plays a role in affective components of pain (Greenspan et al., 1999). Thus, the 

insular cortex appears to be involved in both basic pain sensation as well as having 

involvement in the affective component of pain.   

It is apparent that emotional valence plays an important role in proper perception 

of pain.  Many of the cognitive structures associated with pain perception, like the ACC 

and insular cortex, share connections to the limbic system.  In addition to these, the 

amygdala also demonstrates involvement in the affective component of pain (Bingel, et 

al., 2002).  With these connections in place, it is not difficult to imagine a role affect 

itself may play in altering our perceptions of pain.   

Given the role that affect plays in the perception of noxious stimuli, the current 

study examined the possible influence of anxiety on this perception.  Specifically, the 

anxiety of upcoming competition targeted in the current study may alter an athlete’s 

perception of noxious stimuli.  Exploring possible mechanisms of pain modulation in the 



brain begin by looking at the periaqueductal gray in the midbrain.  The periaqueductal 

gray receives input from the amygdala, implicating its involvement in emotionally 

catalyzed pain modulation mechanisms (Borszcz & Streltsov, 2000). 

The periaqueductal gray (PAG) is the final brain region to be discussed.  As 

mentioned, it receives input from the spinomesencephalic tract as well as the limbic 

system.  The PAG is also shown to activate in the presence of noxious stimuli using PET 

technology (Tölle, 1999).  The PAG plays a role in pain modulation mechanisms 

originating in the brain.  The PAG receives input via the ACC (Tölle, 1999) and 

amygdala (Borszcz & Streltsov, 2000),  revealing a possible mechanism for emotional 

modulation on pain perception. The current study examined the effects of stress resulting 

from competition on pain perception.  The emotional valence of competition anxiety may 

be one factor which could activate such a pathway between the limbic system and PAG.  

With the knowledge about noxious sensory pathways, as well as cortical structures which 

form the conception of pain, one can now begin to explore pain modulatory pathways in 

more detail. 

Pain modulation mechanisms can originate in the brain or they can occur within 

the spinal cord.  The first pain modulatory mechanism discussed occurs at the level of the 

dorsal horn in the spinal cord, rather than originating in the brain itself.  The mechanism 

uses the interneurons that span between laminar layers and are connected to both 

ascending fibers as well as incoming peripheral fibers.  The activation or inhibition of 

these interneurons by non-nociceptors and nociceptors “opens” or “closes” a “gate” for 

noxious signal transmission.  Thus, the mechanism is called the “Gate Control System” 

(Melzack & Wall, 1965). 



The mechanism begins with an actual noxious stimulus applied to the skin or 

other part of the body.  However, it is important to keep in mind that noxious stimulus is 

usually accompanied by innocuous stimulation, be it a mechanical pressure or a change in 

temperature.  Due to these different stimuli, both Aβ-fibers as well as the small diameter 

nociceptors are activated.  As has been discussed, these peripheral fibers ultimately 

connect to different layers in the dorsal horn of the spinal cord.  These peripheral fibers, 

in addition to connecting to ascending fibers in the dorsal horn, connect to inhibitory 

interneurons in the second lamina layer, the substantia gelatinosa (Melzack & Wall, 

1965).   

The relationship between these inhibitory interneurons and the pain transmission 

neurons which ascend to the brain is crucial.  These interneurons inhibit the firing of pain 

transmission neurons, thus reducing the noxious signal that is transmitted (Melzack & 

Wall, 1965).  These interneurons in the substantia gelatinosa are activated by their 

connections with non-nociceptive Aβ-fibers.  Thus, innocuous stimuli which activate the 

large diameter fibers will inhibit noxious signals from the dorsal horn.  Additionally, the 

connections of the small diameter nociceptors inhibit the activity of the inhibitory 

interneurons (Melzack & Wall, 1965).  Hence, when a noxious stimulus is applied, the 

innocuous component of the stimulation does not completely cancel out the noxious 

signal.  However, additional innocuous stimulation will reduce the noxious transmission.  

The Gate Control System is the reason humans and animals alike often shake an injured 

hand or rub an injured area of the skin.  This additional innocuous stimulation activates 

non-nociceptive Aβ-fibers, and thus activates interneurons which interfere with 

transmission of noxious information.  It is important to recognize that the mechanism is 



also region specific, such that innocuous stimulation must occur in the same area as the 

noxious stimulus in order to modulate the signal.  “One does not shake the left leg to 

relieve pain in the right arm” (Basbaum & Jessell, 2000). 

The original paper which proposed this system also postulated for an overarching 

modulation of this mechanism originating in the brain (Melzack & Wall, 1965).  Through 

descending mechanisms, the authors stated that the gate control system could be “set and 

reset a number of times” by the brain (Melzack & Wall, 1965).  In addition to this 

proposed influence of the brain on spinal cord pain modulation, other mechanisms of 

descending pain inhibition have also been explored. 

The periaqueductal gray (PAG), in addition to receiving spinal cord input, has 

also been demonstrated as major part of a pain modulation mechanism which originates 

in the brain.  Studies have confirmed that stimulation of the PAG can inhibit nociceptive 

neurons in the spinal cord in both animal models as well as human subjects.  The first of 

these studies discovered that electrical stimulation of the PAG induced analgesia in rats 

(Reynolds, 1969).  Knowing that unfocused electrical stimulation across the scalp could 

elicit analgesia (Reynolds, 1969), the study attempted to determine which regions of the 

brain may be responsible.  Reynolds found that the analgesic effects of PAG stimulation 

would last a few minutes after the current ceased, but he did not propose a neurological 

mechanism for its cause.   

Furthering Reynolds’ results, Mayer et al. found that similar stimulation also 

elicited analgesia (Mayer et al., 1971).  Additionally, Mayer found that stimulating 

different sites elicited analgesic responses in particular quadrants of the body (Mayer et 

al., 1971).  However, unlike Reynolds, Mayer suggested that some neural substrate that 



elicits analgesia was the product of this stimulation (Mayer et al., 1971).  Mayer 

postulated that exogenous opiates, like morphine, must release the same neural substrates 

as the stimulation itself (Mayer et al., 1971). While this postulate is not accurate, his 

work played a role in the later discovery of endogenous opioids.  In conclusion, Mayer’s 

replication and elaboration on Reynolds’ work only solidified the PAG’s role in pain 

modulation mechanisms. 

Following up on this phenomenon some years later, researchers performed a 

similar procedure on human subjects.  Using patients suffering from chronic pain, 

electrodes were planted in the PAG and linked to a self-medicating remote (Hosobuchi, 

1977).  Following mild electrical stimulation, patients reported some level of pain relief 

following a 5 to 10 minute delay (Hosobuchi, 1977).  Patients in the study also developed 

a diminished response to the stimulation over time (Hosobuchi, 1977).  Unlike the 

Reynolds study, the human study proposed that stimulation of the PAG released 

endogenous opioids directly into the cerebral spinal fluid.  These endogenous chemicals 

of the nervous system had not been discovered at the time of Reynolds’ or Mayer’s 

studies.  However, Mayer’s implication that opiate receptors were involved in this pain 

modulation mechanism was ahead of its time. 

In order to understand the opioid hypothesis, one must understand the mechanism 

of action of endogenous opioids.  The effects of chemicals, like morphine and codeine, 

have been known to have analgesic effects before endogenous counterparts were 

discovered (Basbaum & Jessell, 2000).  Upon discovering that these chemicals operated 

by binding to specific opiate receptors which inhibited nociceptor firing, it became 

apparent that endogenous counterparts to these drugs must exist (Basbaum & Jessell, 



2000).  The receptors would not have evolved if no ligands for these receptors existed in 

the nervous system.  Over time, these endogenous chemicals were discovered, and 

classes were established.  All three classes, β-endorphins, enkephalins, and dynorphins, 

produce analgesic effects by binding to opiate receptors and inhibiting nociceptors 

(Basbaum & Jessell, 2000).  Additionally, these chemicals are found in the 

periaqueductal gray region of the brainstem (Basbaum & Jessell, 2000).  This further 

supports the hypothesis that the binding of endogenous opioids released from the PAG is 

responsible for the analgesic effects of stimulation. 

The endogenous opioids mechanism would explain the delay between stimulation 

and effect, as observed in the Hosobuchi study.  As the opioids traveled the CSF to the 

spinal cord and bound with the proper receptors, some time would elapse before the 

effect could take place.  In order to test this mechanism, an opioid antagonist, naloxone, 

was administered to the patients in the human study.  After giving the antagonist, the 

effects of the PAG stimulation were eliminated in all but one subject (Hosobuchi, 1977).  

The effects of naloxone in reversing the effect of PAG stimulation have also been shown 

in rats (Akil, 1976).  Further support of the opioid release theory was supported when the 

same PAG stimulation increased β-endorphin levels in human ventricular fluid 

(Hosobuchi, 1979).  After electrical stimulation of the PAG, β-endorphin levels increased 

between two to seven fold (Hosobuchi, 1979), thus quantifying the amount of 

endogenous opioids that the PAG is capable of releasing into the nervous system.   

However, PAG stimulation has also shown analgesic effects that are not 

eliminated by the administration of naloxone.  This suggests a non-opioid mechanism for 

pain modulation which still originates in the midbrain.  Stimulation of the dorsal side of 



the midbrain, still results in analgesia in rats even in the presence of naloxone (Cannon, 

1982).  While less is known about what possible mechanism may be responsible for this 

modulation, it seems apparent that opioids are not responsible for all descending 

modulation of pain. 

The analgesic effect of stimulating various areas of the mid-brain has been 

established.  However, these pain modulation mechanisms must still exist without 

artificial electrical stimulation.  Therefore an endogenous stimulation mechanism of the 

mid-brain regions in order to modulate incoming noxious stimuli must exist.   

In order to understand how pain modulation mechanisms might be initiated, one 

must consider when these pain modulation pathways would need to be activated.  

Occasions may arise in which the ability to feel pain may not beneficial to an organism’s 

survival.  During times in which survival may have been threatened by a predator or other 

impending danger, pain may actually hinder an organism’s ability to either evade that 

danger or stand and fight.  Activation of a “Fight or Flight” system in organisms includes 

a reduced sensitivity to pain perception, in addition to preparedness for physical activity.  

During stress, this reduced sensitivity may originate by some endogenous stimulation of 

the mid-brain regions involved in analgesia. 

The “Fight or Flight” response is mediated by the brain’s perception and response 

to stressors.  In particular, the hypothalamus initiates a cascade of hormone changes that 

can ultimately lead to a decrease in pain sensitivity.  Upon perception of what the brain 

believes to be a stressful stimulus, the hypothalamus releases corticotrophin-releasing 

hormone (CRH) into the small blood supply that is shared with the adjacent pituitary 

gland (Sapolsky, 1992).  This hormone stimulates the pituitary to release 



adrenocorticotropic hormone into the bloodstream which, upon reaching the adrenal 

glands, stimulates the release of cortisol into the body (Sapolsky, 1992).  Because this 

process involves the hypothalamus, the pituitary, and the adrenal gland in that order it has 

become known as the HPA axis.  This whole process takes just a few minutes from 

stressor to ultimate cortisol release.  It is important to remember that cortisol itself does 

not have analgesic effects.  However, synchronously with activation of this stress-

response pathway, β-endorphins are also released by the pituitary gland (Sapolsky, 1992).  

This endogenous opioid does play a role in analgesia and likely plays a role in the 

resulting analgesia observed upon activation of this system. 

The phenomenon of Stress Induced Analgesia was initially thought to be purely 

psychological before the HPA axis, as well as endogenous opioids, were discovered in 

the 1970s (Sapolsky, 1992).  After realizing that endogenous receptors must mean the 

existence of endogenous opioids, researchers scrambled to determine when these 

chemicals were released.  However, even after discovering that stressors could cause 

analgesia by these endogenous opioids, questions remained.  It was unclear how opioids 

in the blood could get past the blood-brain barrier and bind to their receptors in order to 

take effect (Sapolsky, 1992).  Additionally, as discussed, the analgesic effects which were 

not blocked by opiate receptor agonists were discovered (Sapolsky, 1992).  These issues 

fueled the research regarding pain modulatory mechanisms due to stress. 

Analgesia resulting from stress has been observed in both animal and human 

models.  In animal models, stressors range from electrical shock, swimming or 

immobilization (Yamada, 1995).  All of these stimuli have been shown to produce opioid 

mediated analgesia (Yamada, 1995).  However, non-opioid mechanisms have also been 



found.  By comparing the intensity and duration of the experimental stressors on animals, 

researchers have postulated that these temporal factors can determine whether an opioid-

mediated or non-opioid-mediated analgesia is elicited.  Based on said evidence, it appears 

that short-term continuous stress elicits analgesia not mediated by opioids, while spread-

out intermittent stress caused analgesia that was mediated by endogenous opioids 

(Terman, 1984).  In relation to the endogenous opioid and non-opioid theories, these 

findings suggest that different types of stress result in activation of different mid-brain 

regions. 

Human models of stress-induced analgesia have also been examined by 

researchers.  These human models are able to provide insight into the conscious 

perception of pain that cannot be provided by observing animal behavioral responses to 

noxious stimuli.  While a temperature threshold for pain-related behavior can be 

determined in animal studies. human studies are able to provide reports of the affective 

and subjective perceptions of pain such as the relative intensity or the unpleasantness of 

the sensation. Pain threshold addresses the crossover of a stimulus from innocuous to 

noxious.  For example, as a heating element becomes warmer, the temperature becomes 

warm enough to activate nociceptors.  The activity of these nociceptors, as discussed, 

leads to a conscious perception of pain by the individual.  The detection of this crossover 

from “warm” to “painful” is addressed by the measurement of pain threshold.  

Conversely, studies that measure pain tolerance, measure a subject’s ability to withstand 

a noxious stimulus, after this crossover has occurred.  Measurements of both pain 

threshold and tolerance are performed in human pain, in addition to measures of 

unpleasantness and intensity. 



Using these measurement methods, one study found that the stress related to a 

person’s first skydiving experience elicits an analgesic response that can be blocked by 

naloxone administration as compared to placebo (Janssen, 2001).  The analgesic effects 

were observed on tests of pain threshold.  While this study measured tolerance as well, a 

ceiling effect appeared to exist as all subjects reached the cutoff time before the pain 

became intolerable (Janssen, 2001).  Additionally, the subjects had β-endorphin levels 

(measured in blood plasma) nearly three times the normal level immediately after landing 

from their jump (Janssen, 2001).  The study also examined cognitive correlates to β-

endorphin levels.  Plasma β-endorphin levels were positively correlated with the subjects’ 

sense of anxiety as well as a lack of control (Janssen, 2001).  Thus, these psychological 

states activate the HPA axis increasing the β-endorphin levels in the plasma.  These 

findings suggest that opioid mediated analgesia can be observed in response to stress in 

human subjects. 

Stress-induced analgesia has also been found to be elicited by exercise.  However, 

it is important to remember that exercise may not be perceived as a stressor for all 

individuals.  The experimental conditions of a study may elicit a stress response in some 

and not other based on the fitness of the subjects.  Additionally, some pain tests do not 

show analgesic effects as successfully as others.  For example, studies that measure pain 

threshold using noxious thermal stimuli find analgesia less consistently than electrical 

stimulation or pressure stimuli (Koltyn, 2000).  However, with that in mind, it has been 

shown that intense exercise can elicit analgesia (Koltyn, 2000).  In one study, bicycle 

ergometry has been shown to significantly raise electrical pain thresholds when workload 

is at 200 watts or greater (Pertovaara et al., 1984).  Another study found that electrical 



pain thresholds also increased with strenuous exercise (Droste et al., 1991).  Additionally, 

this study found that the analgesic effects could not be blocked by naloxone, indicating 

that some non-opioid mechanism may be responsible (Droste et al., 1991).  The intensity 

required for analgesia is usually greater than 70% the individual’s maximal aerobic 

capacity (Koltyn, 2000).  Interestingly, studies conflict on the mediating mechanism for 

this analgesia.  In contradiction to the Droste study, some studies have found that exercise 

induced analgesia can be blocked by naloxone (Koltyn, 2000). 

It is possible that the effects of exercise may be a result of the stress of exercise.  

For subjects, based on their fitness level or enjoyment of physical activity, exercise itself 

may activate analgesic mechanisms because subjects find it stressful.  Additionally, some 

researchers have suggested that analgesia in exercise studies may be the result of stress 

about the pain testing itself (Padawer & Levine, 1992).  In the Padawer et al. study, it was 

found that while exercise had no effect on analgesia, pre-exposing subjects to the pain-

test beforehand decreased pain sensation (Padawer & Levine, 1992).  The researchers 

conclude that these analgesic effects were from pre-exposure to the pain testing.  In sum, 

the phenomenon of exercise induced analgesia still presents a possible confound that 

should be carefully avoided in studies like the current one, dealing with athletes and 

athletic competition.  In order to do so, randomizing the order of testing sessions for 

participants in a study can counterbalance for any repeated testing effects. 

By using cortisol measures as a marker for stress, a study can determine if athletic 

competition is indeed a stressor that may result in an analgesic effect on athletes.  

Activation of the HPA system could initiate an analgesic response to the anticipation of 

athletic competition.  A handful of studies have examined the activation of the HPA axis 



in response to this stress by examining cortisol levels in the body.  Results have been 

promising.  Cortisol levels have been shown to be significantly higher than baseline 

levels before competition.  These effects have been found in female athletes (Bateup, 

2002) as well as male athletes (Salvador, 2002).  The effects have also been found in 

athletes in individual sports (Salvador, 2002) as well as team sports (Bateup, 2002).   

However, a confound of these mentioned studies is the possibility that the 

anticipation of competition is not causing the stress, but rather the anticipation of physical 

exertion.  To test this confound and try to pin the anticipatory stress to competition itself, 

a pilot study was run by the researchers of the current study to examine salivary cortisol 

levels in female soccer players before both practices and games as well as on a baseline 

day.  Salivary cortisol samples were taken from the soccer players at intervals 

approximately 1 hour before the game or practice in addition to right after.  The baseline 

measure was two samples obtained on a non-practice weekend day at 3:00PM and 

6:00PM, the same time of day as just before games or practices as well as the time which 

they usually ended (Unpublished Observations).  This time frame of 1 hour is more 

distant from the game or practice than the one used in the current study.  The study 

expected that cortisol would be higher before a game rather than practice, in response to 

the competition itself and not anticipation of the exercise.  Additionally, cortisol was 

sampled immediately following the game.  The study hypothesized that cortisol would be 

higher before the game, as a result of anticipatory stress.  While no significant difference 

between pre- and post-game existed, the cortisol levels following the game were higher 

than those obtained before.  The study found no significant results in cortisol levels 

before games as compared to practice and baseline.  However, the study carried a 



relatively small sample size.  The cortisol levels on the game day were greater than those 

of the practice or the baseline measure (G>P>B), however none of these differences was 

significant.  The results of this study are presented in Figure 1 of Appendix 1.  The study 

concluded that a more in-depth study with a larger subject pool could be done to 

exaggerate the differences in physiological responses to “pre-game jitters” than non-

competitive days.  The current study did just that, elaborating on this pilot study. 

In addition to cortisol measures, the current study built upon two earlier studies 

which carefully measured analgesic effects of athletic competition.  As these studies’ 

methods and results are central in the hypothesis and methodologies of the current study, 

they will be described in depth. 

The earlier of the two studies targeted the phenomenon of competition-induced 

analgesia by testing pain tolerance on athletes immediately following a track race, 

fencing match, or basketball game.  In doing so, these studies hoped to determine that 

competition is a sufficient enough stressor to elicit the analgesic response that has been 

observed in other stressful situations.  The study postulated that following competition, 

athletes would have increased analgesia as compared to non-competitive situations.  

Analgesia was measured using a cold-pressor test.  In this test, an arm is immersed in ice 

water at 0-2°C.  In this study, intensity and unpleasantness ratings were obtained every 

15 seconds for 1.5 minutes (Sternberg et al., 1998).  Subjects were permitted to remove 

their arm from the water if it become intolerable.  In addition to the cold-pressor test, heat 

pain was assessed by measuring withdrawal latency from a radiant heat source on both 

forearms and fingertips.   Following competition athletes were tested using these pain 

assessment procedures (Sternberg et al., 1998). The study examined anxiety levels 



between competition and baseline measurements using a Stress Symptoms Rating scale.  

This measure showed that stress, anxiety, and anger were all significantly elevated on 

competition days (Sternberg et al., 1998). 

Results from this study differed between pain measurements.  It was found that 

athletic competition was able to induce analgesia with regards to the reported intensity of 

the cold-pressor test (Sternberg et al., 1998).  The affective component of the cold-

pressor pain was also reported to be lower following competition as compared to control 

sessions 2 days before and 2 days after the competition (Sternberg et al., 1998).  In 

addition, the arm withdrawal latencies from the heat source increased for track athletes 

and basketball players (Sternberg et al., 1998).  Interestingly, results showed that 

withdrawal latencies for the fingers showed the opposite effect.  Following competition, 

the finger withdrawal latencies decreased, demonstrating what appears to be a 

hypersensitivity (Sternberg et al., 1998).  No gender differences were found in 

competition-related pain sensitivity changes (Sternberg et al., 1998). 

The results of this study provided the first empirical data showing the analgesic 

effects of personally meaningful competition (Sternberg et al., 1998).  These results 

suggest that the stress associated with competition could play a significant role in the 

observed analgesia.  The study also addresses the finger hyperalgesia by suggesting that 

competition actually raised awareness of areas with increased innervation, such as in the 

fingers (Sternberg et al, 1998).  These results, while promising, still are unable to 

dissociate exercise induced and stress induced analgesia.  By testing athletes immediately 

after their race, game, or match, the study does not separate the exercise from the 



competition completely.  While some suggestions have been made, further study was 

necessary to completely dissociate these two components of athletic competition. 

 A follow up study attempted to address on questions raised in the previous study.  

By separating exercise and competition, the study aimed to determine which components 

of athletic competition more efficiently elicited analgesia, exercise or anxiety (Sternberg 

et al., 2001).  In this study, track athletes were again tested immediately following their 

race using the painful stimuli.  In addition to following up on the previous study, this 

study expected to replicate the previous findings using identical pain assessment 

methods.  In addition to the pain measures, the study again examined stress levels 

between competition and baseline measurements.  The study also aimed to answer the 

skin-temperature issue with regards to heat withdrawal latencies by measuring skin-

temperature at the time withdrawal latencies were determined.  Additional non-athlete 

subjects were also included in this study.   

In this study, three conditions were used.  The athletic subjects were assigned to 

one of the three conditions.  The first of these conditions was the same type of athletic 

competition in the earlier study, the second was a sedentary video game competition, and 

the third was a non-competitive treadmill run.  The non-athletes were divided between 

the latter two conditions.  By incorporating these three conditions, the study aimed to 

differentiate whether analgesia following athletic competition can be elicited by exercise 

or the competitive mindset associated with interpersonal competition.   

The study found that different conditions elicited analgesia differently, depending 

on sex.  No difference in competition-induced analgesia had been found between sexes in 

the previous study.  The effects of athletic competition on analgesia were replicated, with 



pain ratings decreasing immediately after a track race in both sexes(Sternberg et al., 

2001).  In addition to this result, the SSR ratings were also increased on the competition 

day.  A sex x day interaction revealed that men reported increased anger on competition 

days, unlike women (Sternberg et al., 2001).  Overall, this study showed that women 

reported greater intensity and unpleasantness to the cold-pressor test than men (Sternberg 

et al., 2001).  Additionally, interaction effects between sex, condition, and day were also 

found.  In the study, women had reduced pain sensitivity to noxious cold following the 

treadmill condition, while male subjects displayed the same analgesia, but after the 

sedentary competition (Sternberg et al., 2001).  Both analgesic effects were comparable 

to the effects elicited by athletic competition (Sternberg et al., 2001). 

These findings reveal a possible sex difference with regards to how athletic 

competition may induce analgesia.  Based on these results, it would appear that athletic 

competition induces analgesia in women because of the exercise effects, while in men the 

analgesia may result from the stress of competition.  However, despite promising results 

concerning an effect of sex on which components induce analgesia, questions still 

remain.  The researchers cite that the video game condition may not have been as 

engaging to women as men (Sternberg et al., 2001).  The study suggests that more 

engaging or rewarding competition may elicit the same analgesia in women as the video 

game did in men (Sternberg et al., 2001).  Additionally, researchers suggest that 

increasing the exercise intensity may elicit analgesic effects in the men, as well as the 

women (Sternberg et al., 2001).  However, the differences in elicited analgesia on 

different sexes implies that future studies should test both men and women with regards 



to athletic competition, as the activity may induce analgesia in subjects by different 

means. 

 

Current Study 

Past studies have shown that there can be a relation between competition and 

analgesia.    However, questions regarding the effects on different sexes have been raised.  

The phenomenon that cortisol is shown to be higher before athletic competition has also 

been demonstrated.  Whether this stress response is due to anticipation of exercise or 

competition remains to be seen.  However, in addition to this information, it has been 

shown that the endocrine cascade that results in the release of cortisol is also associated 

with the release of endogenous opioids.  Previous studies have shown that analgesia can 

be induced by non-exercise competition (Sternberg et al., 2001).  However, whether 

anticipation of competition is sufficiently stressful to elicit analgesia remains to be 

shown.  Knowing that competition can cause analgesia in the absence of exercise, the 

following study tests the hypothesis that anticipatory stress of competition causes 

analgesia in male and female athletes.  By testing pain thresholds before both competitive 

and non-competitive exercise environments as well as a baseline day in which little 

physical activity occurs, we hope to establish the influence of competition alone on 

analgesia.  It is also expected that, unlike video games in the previously mentioned study, 

athletic competition should be equally engaging to both males and females and thus elicit 

an analgesic stress response.  Additionally, elevated cortisol levels may reveal activation 

of the HPA axis due to this stress.  Therefore, salivary cortisol levels were also obtained 

from each participant in each of the three sessions.  Evidence for activation of the HPA 



axis from cortisol data would suggest a possible mechanism behind any analgesia effects, 

as its activation is known to occur simultaneously with the release of endogenous opioids 

(Sapolsky, 1992).  The study hypothesized that anticipation of competition elicits enough 

stress that cortisol levels will be higher prior to competition than to non-competitive 

athletics or a baseline measure in both sexes. 

 

Methods 

Participants 

The participants in the first phase of study were Division III varsity soccer players 

from a small college in the eastern United States.  The participants included 11 members 

of the women’s team and 9 members of the men’s team.  The participants for the second 

phase of the study were 9 female basketball players from the same small Division III 

school as tested in the first phase.  All participants completed four total sessions for the 

study and were paid $30 for their participation.  Subjects completed an orientation 

session to familiarize themselves with the procedure on the testing days, in an effort to 

expedite data collecting sessions as well as reduce subject anxiety.  Additionally, before 

this orientation session, informed consent was obtained from each subject.  Three data 

collection sessions were used.  Subjects in the first phase were tested immediately before 

a game as well as immediately before a practice.  In the second phase, on game and 

practice days, subjects were tested before the organized team warm-up approximately 30 

minutes beforehand.  A baseline session was also conducted in which subjects were 

tested with no practice or game in the immediate future.  The order of these sessions was 

counterbalanced within each gender group.  Efforts were made to include subjects that 



would have significant playing time during the games, as to maximize the anticipatory 

stress on this day.  The procedure used with each subject was approved by the Haverford 

College Institutional Review Board before any testing took place. 

Measures 

Subjects’ skin temperatures from the volar surface of the arm were measured 

initially using a non-contact infrared thermometer.  The heating element used to measure 

noxious pain threshold (Medoc Sensory Analyzer) was set to that temperature as a 

baseline.  The heating element was placed on three locations on the volar surface of each 

forearm and the tips of the 2nd, 3rd, and 4th fingers on each hand.  During each placement, 

the element would heat up at a rate of 1°C/sec until the subject informed the experimenter 

that the warm sensation was just becoming painful.  The probe returned to the subject’s 

skin temperature before each placement.  Following this component of the session 

subjects would fill out a “body awareness” questionnaire which measured alertness and 

anxiety with a subjective report of physiological components of arousal (O’ Connor, 

1996).  This questionnaire was a 22 item, forced-choice test, in which subjects rate their 

physiological state on a 4-point scale from 1-Not At All to 4-Extremely.  Afterwards the 

subject would fill out a questionnaire in which they selected the amount of effort they 

believed they were about to exert.  The questionnaire required subjects to rate their 

expected intensity on a scale from 1-Not at All to 13-Extremely Intense.  On game days, 

an additional question was added to the form in which the subject rated the importance of 

that game in particular on a 10-point scale.  The questionnaires used in the study can be 

found in Appendix 2. Through these paper questionnaires, the study can attempt to 

measure the subjects' subjective anxiety and possibly find relationships with pain 



threshold.  While filling out the questionnaires, the subjects had their blood pressure and 

heart rate determined by a wrist monitor.  Finally, to conclude the session, subjects 

provided a saliva sample by chewing a piece of sterile gauze.  The saliva from this gauze 

was collected for a later analysis of cortisol levels. 

This analysis was run using an Enzyme Immunoassay Kit (EIA) (DSLabs, 

Arlington, TX).  Following the assay, absorbance on a 96-well plate varied according to 

cortisol concentration.  Absorbance for each well and each sample were read with a 

450nm absorbance filter on the plate reader.  A standard curve, constructed from known 

concentrations and their absorbencies, was then used to determine salivary cortisol 

concentration from each individual well’s absorbance value. 

The subjects' pain threshold was defined as the difference between the measured 

skin temperature and the average temperature of the heating element when the subject 

first expressed pain.  Separate values were established for the arms and fingertips.  In 

doing so, the study attempted to control for variations in skin-temperature as some 

sessions were conducted outdoors while others were indoors. 

Procedures 

Each session followed the same order of testing.  On experimental testing days, 

subjects were tested during the warm-up for either the practice or game.  During the 

baseline sessions, subjects began with a stationary bike ride at medium effort.  Subjects 

were told to replicate the amount of effort that goes into a game warm-up.  This 

component of the procedure controlled for heart rate and blood pressure differences that 

would have otherwise existed between a sedentary baseline session and those involving 

athletic activity.  Researchers have demonstrated that exercise-induced analgesia only 



occurs at intensities of 70% or greater than maximal aerobic capacity (Koltyn, 2000).  

The warm-up sessions in this study do not exceed that value, which controlled for a 

confound of analgesia due to exercise.   

 

Results 1 

A 3x2 mixed factorial ANOVA was the statistical test run to determine the effects 

of day (game, practice, or baseline) and sex (male, female) and their interaction on the 

various measured variables.  Fisher’s LSD post hoc test was run after analyses which 

demonstrated a significant difference.  A Pearson's Correlation was run on some data to 

determine possible relationships between pain thresholds and the reported importance of 

the game.  Missing data were excluded from the analysis. 

 

Physiological Measures 

A main effect of day on systolic blood pressure was found (F[2,34]=4.554, 

p=0.018).  Post hoc tests revealed that systolic blood pressure was significantly higher on 

the game day (M=156.3, SEM=3.98) than it was during the practice (M=139.7, 

SEM=5.6; p=0.02) or baseline (M=135.9, SEM=5.2; p=0.008) sessions, which did not 

differ significantly from each other.  No significant difference of systolic blood pressure 

was found between male and female subjects.  Additionally, a main effect of day on 

diastolic blood pressure was found (F[2,34]=3.579; p=0.039).  Post hoc tests revealed 

that diastolic blood pressure was significantly different between all three conditions 

(Game>Practice>Baseline).   In addition, a significant day x sex interaction was found 

(F[2,34]=3.487; p=.042).  Both male and female subjects had a significant higher 



diastolic blood pressure before the game as compared to the practice or baseline.  

However, the males, unlike the female subjects, had a significantly higher diastolic blood 

pressure before practice as compared to the baseline session (p=0.002).  A significant 

main effect of day was found on heart rate (F[2,34]=17.647, p<0.0001).  Post hoc tests 

revealed that heart rate was significantly higher on game day (M=87.4, SEM=3.45) than 

practice (M=76.4, SEM=2.9; p=0.001) as well as the baseline condition (M=68.33, 

SEM=2.46; p<0.001).  Practice heart rate was significantly higher than that of the 

baseline (p=0.03). No interaction effect was found; for all subjects heart rate was 

significantly higher among all three days (G>B>P).  Means for physiological data can be 

found in Table 1. All physiological effects data can be found in Figure 2. 

 

Skin Temperature 

There was a significant effect of day on the skin temperature (F[2,38]=27.645, 

p<0.001).  Post hoc analysis revealed that the outdoor measurements at practice 

(M=26.28, SEM=0.898) and game (M=26.03, SEM=0.831) were both significantly lower 

than the baseline measurements (M=31.43, SEM=0.220) which were acquired indoors.  

These data are available in Figure 3. 

 

Questionnaire Responses 

Analysis determined a significant main effect of day on the subjects' body 

awareness scores, and thus self-reported arousal (F[2,36]=9.910; p<0.0001).  Post hoc 

tests revealed that subjects' reported scores on the game day (M=38.45, SEM=1.13; 

p<0.001) and practice day (M=36.3, SEM=1.6; p=0.02) were each significantly higher 



than the baseline scores(M=33.3, SEM=0.998).  Additionally the game day scores were 

just short of significantly higher than the practice scores (p=0.058). These data are 

available in Figure 4.  No day x sex interaction was found.   

In addition to the effects observed on the body awareness questionnaire, the 

perceived intensity rating was also significantly different between practice and game 

sessions (F[1,14]=59.665, p<0.001) such that the perceived intensity of exertion in the 

game (M=11.93, SEM=0.371) was greater than that of practice (M=6.13, SEM=0.661).  

These data can be seen in Figure 5. 

 

Pain Thresholds  

A significant main effect of day was found on pain threshold on the volar surface 

of the arm (F[2,36]=20.608; p<0.001).  Post hoc tests revealed that thresholds before the 

game (M=16.16, SEM=1.2) and practice (M=15.9, SEM=0.99) were each higher than the 

baseline (p<0.001 for each), but no such difference existed between game and practice 

values.  Additionally, a main effect of day was found on fingertip threshold as well 

(F[2,36]=21.887; p<0.001).  The pattern of differences matched that of the arms.  Means 

for pain thresholds can be found in Table 2.  These arm threshold data are demonstrated 

in Figure 6 while the fingertip data are in Figure 7. 

The pain threshold for the arm during the game day was positively correlated with 

the reported importance of the particular game (r[12]=0.593; p=0.025).  No significant 

correlation was found between the finger thresholds and game importance.  The data are 

found in Figure 8. 

 



 

Cortisol Concentrations 

A main effect of day was found on salivary cortisol concentrations (F[2,20]=3.94, 

p=0.03).  No difference was found between male and female soccer players.  Post hoc 

analysis revealed that salivary concentrations before games (M=0.467, SEM=0.097) was 

significantly different from concentrations before practice (M=0.270, SEM=0.065; 

p=0.01) and baseline sessions (M=0.269, SEM=0.076; p=0.01).  There was no significant 

difference in salivary cortisol concentrations between practice and baseline sessions.  

These data are summarized in Table 3.  The data are also illustrated in Figure 9. 

 

Discussion 1 

The study aimed to establish that anticipation of competition would have an 

analgesic effect on competitive athletes.  However, according to measurements of pain 

threshold, no such effect was established.  The means show the expected trend, with the 

mean threshold in the game day higher than of the practice and baseline, however only 

the differences between athletic sessions and baseline sessions were significant.   

It is important to note that the practice and game related pain thresholds were both 

significantly greater than those measured during the baseline session.  These results may 

indicate an analgesic response to these two environments.  Anticipation of the physical 

exertion of practices and games may actually be eliciting stress that, in turn, elicits its 

own analgesic response.  The possibility that exercise itself may be a stressful experience 

was discussed with the previous research on exercise induced analgesia.  It is possible 

that the anticipatory stress of exercise during the practice session causes sufficient 



analgesia that any further analgesic effects of the stress leading up to competition are not 

detected. 

Athletes in this phase did report that their predicted intensity of exertion would be 

higher in games than during practices.  However, while the exertion of games may have 

been predicted to be higher than that of practice, it is still possible that anticipation of the 

physical exertion typically required at practice is still stressful enough to produce a 

stressful anticipatory response.  A closer look at measures of stress can help illustrate this 

point.  Stress measures such as body awareness questionnaires, physiological markers of 

sympathetic activation, and cortisol, showed mixed results in indicating that practice 

elicits more stress than the baseline session.  For one, cortisol concentrations did not 

differ between the practice and the baseline sessions.  However, body awareness scores 

were significantly higher on the practice day than the baseline day, which indicates that 

there was some heightened arousal during this time.  Finally, physiological indicators of 

stress such as heart rate and blood pressure show mixed results.  Systolic blood pressure 

did not differ significantly between practice sessions and baseline sessions, however a 

significant effect was found with the diastolic blood pressure results.  Further 

examination of possible interaction effects demonstrated that only in males did the 

diastolic blood pressure before practice differ from the baseline.  Furthermore, the heart 

rate measures were higher before the practice sessions than the baseline sessions in both 

sexes.  While these same measures may indicate that actual games elicit more stressful 

and arousing responses than practice, it should not be ignored that for many measures, the 

same can be said for practice as compared to the baseline sessions.  



It is possible that the significant differences in skin temperature may be 

confounding the results of the first phase of the study.  The question of whether this 

effect could be due to ambient temperature or to some other stressors involved in practice 

sessions can be better explained in a follow-up study in which ambient temperature varies 

much less between testing conditions.  As part of the procedure in the first phase of the 

study, subjects’ skin temperatures were measured to establish a baseline temperature for 

the heating element.  However, on days later in the season, air temperature outside 

seemed to have an effect on the skin temperature of the subjects.  As the temperature 

dropped later into the year, baseline skin temperatures measured on the arms of the 

subjects became lower.  Therefore, on colder days, the difference between skin 

temperature and the heat sufficient enough to cross the pain threshold was greater.  With 

the air temperature, and thus the skin temperature, varying over the course of the study, it 

was controlled for in the second phase.  While this may be difficult to do in outdoor 

sports, such as soccer, testing indoor athletes with the same procedures should keep 

ambient air temperature fairly constant.  Thus, as a follow up to the results obtained, the 

researchers of the current study replicated their methods from the first phase of the study 

with female basketball players during their winter season.  Reduction of this variable may 

help clarify questions raised during the first phase of the study. 

In the results of the first phase of the study, at only one point did sex have an 

effect on the measured results (Diastolic BP).  It appears that there is no difference 

between the sexes on anticipatory stress effects on analgesia.  For this reason, it should 

not present a problem that the researchers only tested female basketball players in phase 

two of the study. 



Additionally, competition stress does seem to be present in the soccer players.  

Physiological measures of sympathetic activation show elevated levels of both blood 

pressure and heart rate before competition.  Additionally, the self-reported arousal was 

also significantly higher prior to competition.  These significant results indicate that pre-

competition may cause sufficient anxiety to induce analgesia.  It does not appear that the 

lack of significant pain threshold effects is a result of insufficient arousal.  These results 

also point to an elevation of stress immediately before competitive athletics, rather than 

just a practice situation.  Producing significantly higher levels of arousal increases the 

likelihood of finding significant pain threshold results in future studies. 

Further corroborating the presence of stress preceding the competition is the 

results from the salivary cortisol assay.  The cortisol concentrations were significantly 

larger for the games only among the soccer players, while the other two sessions did not 

differ.  This indicates that the anticipation of athletic competition may be sufficient to 

activate the HPA axis.  While evidence of this activation was found, no resulting 

analgesic effects were directly observed. 

There was a significant correlation between the reported importance of the game 

and the pain threshold for the arm.  These results suggest that a follow-up study, not 

confounded by variations in air temperature, may reveal some significant effect.  This, in 

addition to the direction of the pain threshold means (G>P>B), indicates that phase two 

of the current study may be able to support the hypothesis better.  

 

 

 



Results 2 

Physiological Measures 

Among female basketball players, a main effect of day was found on heart rate as 

measured before the session (F[2,14]=12.298, p<0.001).  Post hoc tests revealed that 

heart rate before games (M=77.5, SEM=2.9; p<0.001) and practices (M=74.1, SEM=2.1; 

p=0.003) were both significantly higher than that measured during the baseline sessions 

(M=63.1, SEM=3.4).  Game and practice heart rates did not differ significantly from one 

another.  Unlike the results with soccer players, no significant effects of day were found 

on systolic blood pressure in the basketball players (F[2,14]=2.605, p=0.109).  However, 

a trend towards significance was observed such that both game (M=144.25, SEM=6.40; 

p=0.06) and practice (M=143.5, SEM=8.30; p=0.07) measurements were close to being 

significantly greater than baseline session measurements (M=128.25, SEM=7.65).  

Diastolic blood pressure did not differ significantly between testing sessions.  These 

physiological data are summarized in Table 4 and Figure 2. 

 

Skin Temperature 

Despite the fairly constant ambient temperature at all testing sessions, a 

significant effect of session on skin temperature was found (F[2,16]=26.86, p<0.001) 

such that the baseline session skin temperature (M=31.7, SEM=0.42) was significantly 

higher than skin temperatures in both the game (M=28.9, SEM=0.20) and practice 

(M=28.8, SEM=0.20) sessions. These data are illustrated in Figure 3. 

 

 



Questionnaire Responses 

Like the effect found among soccer players, the perceived intensity of exertion for 

a game (M=9.8, SEM=0.62) was significantly larger (F[1,8]=16.667, p=0.003) than that 

of a practice (M=6.4, SEM=0.69).  These data can be found in Figure 5. 

 

Pain Thresholds 

A main effect of day was found on pain threshold as measured on the volar 

surface of the forearm (F[2,16]=12.708, p<0.001).  Post hoc analysis revealed that the 

pain thresholds immediately before practices (M=16.1, SEM=0.73; p=0.012) and games 

(M=16.6, SEM=0.45; p<0.001) were significantly greater than the thresholds before 

baseline sessions (M=13.0, SEM=0.85).  However, there were no differences between the 

thresholds of games and practices. An identical effect of day on pain thresholds as 

measured on the fingertips was also found (F[2,16]=5.441, p=0.016).  Pre-game 

thresholds (M=18.5, SEM= 0.70; p=0.011) and pre-practice thresholds (M=18.4, 

SEM=0.70; p=0.012) were both significantly greater than those thresholds obtained 

during baseline sessions (M=16.2, SEM= 0.67).  Again, pre-game and pre-practice 

thresholds did not differ significantly. These data are summarized in Table 5.  The arm 

data are illustrated in Figure 6 and the fingertip data is in Figure 7. 

 

Cortisol Concentrations 

No significant main effects of day were found on salivary cortisol concentrations 

in the female basketball players.  The cortisol data can be found in Table 3 and illustrated 

in Figure 9. 



Discussion 2 

Contrary to expectations, our attempts to control for ambient temperature did not 

result in a significant difference in pain thresholds between games and practices.  Again, 

game and practice thresholds were significantly greater than baseline thresholds for both 

arms and fingertips, yet they did not differ significantly from one another.  Much like the 

first phase of the study, game thresholds were still greater than those of practice which 

were themselves greater than baseline thresholds.  However, also like the effects in 

soccer players, the game thresholds did not differ enough from practice thresholds to be 

significant. 

In the first phase of the study, it was suggested that ambient temperature may 

have had an effect on skin temperature such that the pain threshold data was 

uncontrollably altered.  We intended to address this confound by testing indoor athletes 

and thus attempting to control for large discrepancies in ambient temperature between 

testing sessions.  However, in attempting to control for ambient temperature, it appears 

that skin temperature still varied significantly between the three sessions.  The baseline 

session skin temperatures were warmer than those obtained in the other two sessions.  It 

should be noted that baseline sessions did occur in a different location than the practices 

and games occurred.  Differences in ambient temperature between these two locations 

may be responsible for the results mentioned here.   

While skin temperature may still be a confounding issue with the lack of 

predicted results, other issues could also be influencing the data.  It is important to note 

that the analgesia results of the second phase are quite similar to those of the first phase.  

As mentioned previously, there may be a stress response to the anticipation of both 



practices and games that is sufficient enough to induce analgesic responses.  The data for 

the basketball players again can help support the notion that anticipation of an impending 

practice increases the subjects’ stress responses.  Although we did not observe a 

difference in cortisol concentration between practice sessions and baseline sessions, like 

soccer players, basketball players show an elevated heart rate in anticipation of practice 

sessions.  The blood pressure and body awareness results that were observed among 

soccer players were not found among basketball players.  However, no significant 

differences were found between any of the sessions within the measures of blood 

pressure, body awareness, or cortisol concentration.  Among basketball players, it 

appears that there was little arousal or stress response differences among any of the three 

sessions. 

General Discussion 

In comparing the two phases of the current study, one observes that while similar 

analgesic effects were found with both groups of athletes, other data collected seemed to 

differ entirely.  Disparate physiological measures between the two groups suggest that 

some other factors may explain why an analgesic effect was found in both groups despite 

differences in other measures. 

The issue of practice being a competitive environment should be addressed.  

While practice does not pit one team against another, performance in practice as 

compared to teammates can still be important to individual players in terms of garnering 

playing time and coach approval.  One study in particular has shown that coaching styles 

which emphasize dispraise over encouragement or winning over athlete development can 

contribute to athlete “burnout” (Vealey et al., 1998).  In the study, “burnout” is defined as 



a multidimensional response to “ongoing stressors” that involves emotional and physical 

exhaustion, lack of perceived accomplishment, and a depersonalized attitude towards 

others (Vealey et al., 1998).  Given that definition, one notes that the factors which 

contribute to burnout are termed “ongoing stressors.”  Therefore, daily interactions with a 

coach embodying those characteristics associated with burnout may be stressful to 

athletes.  In the current study no assessment of coaches’ style and methods were made.  

While practice being a stressful environment because of the coach cannot be confirmed, it 

is a possibility that may account for the differences seen in stress and analgesic 

responses.  Thus, while the data show that there is heightened arousal and stress leading 

up to competition, practice is also shown to affect measures of stress and arousal as 

compared to baseline.  This may indicate that practice itself is a stressful enough 

environment to elicit stress induced analgesia. 

The lack of arousal in the female basketball players may be attributed to the 

team’s degree of success.  The team finished with a winning percentage of 0.240.  One 

study has shown that cortisol levels increase less in male wrestlers after losing a contest 

compared to if they had won (Elias, 1981).  Additionally, another study found that over 

the course of a season cortisol levels in athletes before competition decreases (Booth et 

al., 1989).  Given the frequency of losing of the basketball team in question, it might be 

possible that a depressive effect occurred in cortisol levels.  As players progressed into a 

season in which losses mounted, the effect of these losses may have been to depress 

cortisol response.  This lack of activation of the cortisol response may also indicate why 

other physiological markers failed to show sufficient arousal as cortisol is known to 

elevate those same sympathetic indicators.   



Psychologically, consistent losing can also decrease self-confidence as well as 

motivation.  Both of these factors can also be shown to influence anticipatory cortisol 

responses to competition. One study in particular examined the influence of competition 

outcome on an individual’s motivation to continue a competitive task.  The study found 

that losing decreased motivation to continue the task (Vansteenkiste & Deci, 2003).  This 

effect was decreased if those who lost a competition received positive feedback about 

their performance following the outcome.  Again, this indicates that coaching styles may 

play a role in the response of athletes to competition.  The amount of positive feedback 

provided to the teams involved in the study was not measured.  However, the high 

frequency of losses of the female basketball players over the course of the season may 

have had an overall effect of lowering motivation as suggested by the study discussed. 

Motivation has been connected to cortisol in empirical studies.  In a study of judo 

athletes, one study noted that motivation to win was positively related to anticipatory 

salivary cortisol concentrations (Salvador et al., 2003).  These results indicate that a 

lowering of motivation as a result of losing, as observed by Vansteenkiste & Deci, could 

explain the lack of significant cortisol elevations in basketball players. 

In addition to motivation, self-confidence and the expectation to win also changes 

as a result of repeated losing.  Logically, empirical studies have found that losing 

decreases self-confidence measures in competitive athletes.  One such study found that 

losing players in a regional tennis tournament had lower self-confidence (Covassin & 

Pero, 2004).  These same player were also found to score lower on measures of vigor 

before subsequent matches (Covassin & Pero, 2004).  These lowered vigor ratings could 

also help explain why few markers of sympathetic activation were elevated in the female 



basketball players.  Additionally, the judo study mentioned previously found that self-

confidence in winning was positively correlated to cortisol levels (Salvador et al., 2003).  

This relationship indicates that a lowered expectation of winning among female 

basketball players may explain the lack of cortisol results. 

It has been found that social connectedness among female teammates can also 

affect anticipatory cortisol concentrations. In a study that compared the cortisol responses 

to competition of male and female rowers, it was found that higher anticipatory cortisol 

concentrations were found among female teammates was positively related to an 

increased level of social bonding (Kivlighan et al., 2005).  No measure was made of 

social bonding among the teammates in the current study.  However, for female athletes, 

it appears that a difference in trust and bonding with teammates may contribute to a 

difference in anticipatory cortisol concentration.  This influence should be taken into 

account whenever cortisol measures are taken in competitive athletes and may help 

explain the differences between the two teams in the current study. 

The lack of evidence supporting a specific stress response and elevated arousal 

before any of the three sessions among the basketball players provides reasoning as to 

why no analgesic effects were found before the game as compared to a non-competitive 

athletic event.  Simply, it is possible that the game environment was not stressful enough 

for those players involved to elicit such a response.  However, the lack of any 

physiological responses, except for heart rate, does not mesh well with the explanations 

about analgesic effects at games and practices that were discussed following the results of 

the first phase.   



For soccer players, it was suggested that analgesic effects at practice and games 

could have occurred for two possible reasons.  The first, that outdoor temperature was 

lowering skin temperature and possibly exaggerating any differences, was supposed to be 

controlled for by testing indoor athletes.  However, moving indoors did not remove this 

effect.  The environments in which baseline testing occurred was different from that of 

the athletic events.  While the temperature difference between these two buildings was 

not as extreme, it is still possible that skin temperatures were nonetheless affected.  It 

may be possible that some other factor that differs between the relatively non-strenuous 

baseline sessions and the athletic sessions caused this change in skin temperature.  In 

future studies, all testing sessions should occur in identical and temperature controlled 

environments.   

Given the similarity of skin temperature data between the two groups despite 

differences in ambient temperature while testing, it should also be suggested that a 

stressful response to games and practices may have an effect on skin temperature.  As a 

stress response redirects blood to different areas of the body as they may be needed for a 

Fight or Flight response, the temperature of extremities may change.  Further study in 

which ambient temperature is completely controlled between all sessions may lend 

support or help disprove this possibility. 

The second reason proposed for the analgesic responses to athletic sessions was 

that both games and practices were equally stressful events that elicited a stress response 

and resulting analgesia from the athletes.  The second phase of the study could have 

supported this suggestion by repeating the pain threshold results as well as the 

physiological markers of stress.  However, while the pain threshold data was replicated, 



only one physiological marker of stress (heart rate) was found to differ significantly 

between any of the basketball players’ sessions.   

An explanation for the lack of significant physiological responses has been 

suggested, based on the research about the effects of losing on athletes.  However, if the 

basketball players actually had no stress response to the game or practice, then there is 

little explanation for the pain threshold results that were obtained.  Therefore, it remains 

possible that these pain thresholds were altered by the testing environment, but the 

reasoning and corresponding evidence for the cause of this response is not available in 

the data collected. 

When looking at the overall results of both phases of the study, a few conclusions 

can be made.  Most importantly, there does seem to be an effect of practices and game 

environments on the pain thresholds of college athletes.  While evidence for a stress 

response that elicited these changes was not duplicated in both phases, the result does still 

exist.  Further research has suggested that the win-loss record of a team, the self-

confidence of athletes, or their motivation to participate may be factors involved in 

eliciting these physiological responses.  If these factors cannot be controlled in future 

studies, they should be carefully measured so that more definitive explanations about 

their influence on the results can be provided.   

In neither phase did the athletic competition of a game elicit any analgesic 

response greater than that of a non-competitive yet physically strenuous practice session.  

One previously mentioned study did show that non-athletic video game competition 

could elicit analgesic responses in males.  Additionally, non-competitive exercise was 

also found to elicit analgesic responses in females.  However, efforts in the current study 



to isolate the stress relating to athletic competition from the athletic activity itself may 

have come up short.  It has been suggested that practice sessions may still have a 

competitive nature as players compete for playing time and coaches’ approval.  While 

using separate athletic activities may introduce new confounds, perhaps future studies 

might use ergometry in place of the athletes’ sport as the non-competitive exercise 

session in order to control for any stressful aspects of the practice sessions themselves.  

While it has been shown that competition is a sufficient enough stressor to elicit an 

analgesic response, the method for determining the stress value of athletic competition 

specifically may have not yet been fully perfected.  Modifications to the current study’s 

methods, as suggested earlier, may provide more definitive results in establishing the 

existence of analgesia induced by the anticipatory stress of athletic competition. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 

Appendix 1: Figures and Tables 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Salivary Cortisol Baseline Mean Practice Mean Game Mean 

Cortisol Concentration 
(Soccer) (ng/ml) 

0.269 +/- 0.076 0.270 +/- 0.065 0.467 +/- 0.097 

Cortisol Concentration 
(Basketball) (ng/ml) 

0.492 +/- 0.163 1.11 +/- 0.271 0.852 +/- 0.0156 

Table 3.  This table provides the calculated cortisol concentration means and their standard errors for 
all participants in both phases of the current study. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Baseline Mean Practice Mean Game Mean 
Systolic BP (mmHg) 128.25 +/- 7.65 143.5 +/- 8.30 144.25 +/- 6.40 

Diastolic BP (mmHg) 87.4 +/- 5.08 95.0 +/- 3.06 92.9 +/- 3.50 

Heart rate 
(BPM) 

63.1 +/- 3.4 74.1 +/- 2.1 77.5 +/- 2.9 

Table 4.  This table shows the means for physiological measures in the second phase and 
standard errors of those means. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pain Measurement Baseline Mean Practice Mean Game Mean 

Arm Difference (°C) 13.0 +/- 0.85 16.1 +/- 0.73. 16.6 +/- 0.45 

Finger Difference (°C) 16.2 +/- 0.67 18.4 +/- 0.70 18.5 +/- 0.70 

Table 5. This table shows the mean pain thresholds and the standard error for both arms and fingertips 
for basketball players in the second phase of the current study. 
 



 
 
 
 
 
 
 
 

 
Figure 1.   This figure shows the results of the unpublished observations 
regarding salivary cortisol concentrations in athletes immediately before 
and immediately following competition.  While none of the differences 
in pre-game salivary cortisol concentrations are significant, the figure 
does the show appropriate trends expected in the current study. 



 
 
 
 
 
 
 
 
 
 
 
 
 

Physiological Data: Soccer
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Figure 2. This figure shows the means for all physiological measures in the first phase of the current 
study.  Systolic blood pressure and heart rate are for both sexes as there were no day x sex interaction 
effects for these two measures.  Diastolic blood pressure did differ significantly between the two sexes 
and the data are thus provided separately. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 

Skin Temperature
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Figure 3. This figure shows the mean skin temperatures for all participants in the current study.  Note 
that in both soccer and basketball players, mean skin temperature for practice and game sessions were 
significantly lower than those of the baselines sessions. 



 
 
 
 
 
 
 
 
 
 
 

Body Awareness
Questionnaire
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Figure 4.  This figure shows the mean body awareness questionnaire scores for both phases of the 
current study.  



 
 
 
 
 
 
 
 
 
 
 

Perceived Intensity
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Figure 5.  This figure shows the perceived intensity of the effort about to be exerted in either athletic 
session, be it practice or game as predicted by the participants. 
 



 
 
 
 
 
 
 
 
 
 
 

Pain Threshold: Arm
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Figure 6.  This figure shows the arm pain thresholds for both phases of the study.  Note that in both 
phases, practice thresholds and game thresholds were each significantly greater than those measured in 
the baseline sessions. 



 
 
 
 
 
 
 
 
 
 

Pain Threshold: Finger
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Figure 7.  This figure shows the fingertip pain thresholds as measured in both phases of the study. Note 
that in both sports, pain thresholds were significantly higher in the practice and game sessions as 
compared to those measured during the baseline session. 
 



 
 
 
 
 
 
 
 

Pain Difference Correlation with Game Importance
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Figure 8. This figure shows the positive significant correlation between pain threshold of the arm and 
game importance among the soccer players in the first phase of the study. 
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Figure 9.  This figure shows the cortisol concentrations for all of the current study’s participants.  Note 
that only in soccer players does the game concentration of cortisol differ significantly from the practice 
and baseline sessions. 
 



 
 
 
 
 
 
 
 
 
 
 

 
 
 

Measurement Baseline Mean Practice Mean Game Mean 
Systolic BP (mmHg) 135.9 +/- 5.2 139.7 +/- 5.6 156.3 +/- 3.98 

Diastolic BP in males 
(mmHg) 

74.6 +/- 3.86 89.25 +/- 4.2 102.5 +/- 3.3 

Diastolic BP in females 
(mmHg) 

83.0 +/- 3.26 82.5 +/- 3.58 100.9 +/- 2.85 

Heart rate 
(BPM) 

68.33 +/- 2.46 76.4 +/- 2.9 87.4 +/- 3.45 

Table 1. This table provides the means and standard errors for the physiological measures collected for
male and female soccer players in the first phase of the study. 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pain Measurement Baseline Mean Practice Mean Game Mean 

Arm Difference (°C) 11.38 +/- 0.764 15.9 +/- 0.990 16.16 +/- 1.2 

Finger Difference (°C) 14.4 +/- 0.991 18.85 +/- 1.12 19.6 +/- 1.28 

Table 2. This table shows the mean pain thresholds and the standard error of those means for the 
soccer players in the first phase of the study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 

Appendix 2: Questionnaires and Measures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Body Awareness Questionnaire 
 

 
 
Subject #:        __________________  Time:  _____________________ 
Date: ________________   Day/Condition: ______________ 
 
Directions:  A number of statements appear below which people have used to describe their body 
awareness at different points in time.  Read each statement and then circle the appropriate number 
to the right of the statement to indicate how you FEEL RIGHT NOW AT THIS MOMENT.  
There are not right or wrong answers.  Do not spend too much time on any one statement, and try 
to give the answer that seems to best describe your feelings right now. 
 
1= Not at all  2= Sometimes  3= Moderately so 4= Very much so 
 
1. I feel tense      1 2 3 4 

2. I am aware of my breathing   1 2 3 4 

3. My fingertips feel numb or tingle   1 2 3 4 

4. I feel lightheaded and dizzy   1 2 3 4 

5. I feel calm      1 2 3 4  

6. My heart is pounding    1 2 3 4 

7. My mouth is dry     1 2 3 4 

8. I feel nervous     1 2 3 4 

9. I have a lump in my throat    1 2 3 4 

10. I feel confident     1 2 3 4 

11. My hands are shaking    1 2 3 4 

12. I am having difficulty breathing   1 2 3 4 

13. My head is throbbing    1 2 3 4 

14. I am afraid      1 2 3 4 

15. I feel weak and fatigued    1 2 3 4 

16. I feel mentally relaxed    1 2 3 4 

17. I feel shaky inside (butterflies)   1 2 3 4 

18.  My vision is blurred    1 2 3 4 

19.  I have chest discomfort or pain   1 2 3 4 

20. I feel cold      1 2 3 4  

21. I feel like yawning    1 2 3 4 

22.  I feel steady     1 2 3 4 



RATINGS OF PERCEIVED INTENSITY SCALE 
 
For the game or practice session you are about to participate in, indicate the degree of 
effort or intensity you expect to exert: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
(game day only): 
On a scale of 1-10, (with 10 being extremely important), how important is the game you 
are about to participate in? 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

0  Nothing at all 

1  Very, very weak 

2  Very weak 

3  Weak 

4  Moderate 

5  Somewhat strong 

6  Strong 

7   
8  Very Strong 

9   
10   
11  Very, very strong 

12   
13  Maximal 
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