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Abstract

Touch gating, the attenuation of tactile sensitivity in the presence of pain, is a well-documented
phenomenon but its mechanism is unknown. The ability of pain to capture attention suggests that
touch gating may be an example of distraction; but the fact that pain raises tactile but not auditory
thresholds argues that touch gating is a form of somatosensory interaction. Therefore, the present
study was carried out to determine whether touch gating is the result of sensory or cognitive
interference. Touch gating was repeatedly produced by delivering a co-localized painful heat
stimulus (45°C) during forced-choice measurements of vibration threshold on the palm. Noxious
heat significantly increased thresholds compared to those measured at normal skin temperature,
and this interference did not decline over the course of an extended series of experiments during
which pain intensity significantly habituated. Touch gating was thus related to the constant
physical intensity, rather than the changing subjective intensity, of the noxious stimulus. For
comparison, a form of unambiguously cognitive interference, the Stroop effect, was also measured
repeatedly; it declined significantly across sessions, unlike touch gating interference. Finally,
touch gating was not correlated with measures of participants’ distractibility, fear of pain,
hypervigilance, or anxiety — variables previously found to influence pain on a cognitive level.
Taken together, the results suggest that touch gating is a robust, stimulus-locked form of sensory
interaction, rather than a transitory result of distraction or other cognitive processes.
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1. Introduction

The term fouch gating refers to the phenomenon in which noxious stimulation reduces tactile
sensitivity. The discoverers of touch gating suggested that this interference with tactile
processing is purely sensory, based on finding that pain reduces tactile thresholds only when
the stimuli are presented in close proximity to one another and that pain does not alter
auditory thresholds [2,5]. However, there is abundant evidence that pain can distract from
optimal performance in a variety of tasks [20], and tactile evoked activity in the primary
somatosensory cortex (S1) can be modulated by shifts in attention [30,44]. If the noxious
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stimulus used in a touch gating experiment taxed the attentional resources of the brain and
compromised the processing of tactile stimulation through distraction, the obtained touch
gating would be, at least in part, the result of non-sensory mechanisms.

The present study was carried out to determine whether touch gating involves cognitive
interference. This question was addressed in three ways.

First, we sought to determine whether pain’s ability to gate tactile signals changes as the
noxious inducing stimulus is repeatedly applied. Painful stimuli that are novel [20],
unpredictable [12], and perceived as intense [8,19] are best suited to cause distraction. Thus,
it is not surprising that distraction by pain is most pronounced at pain’s onset or that it
habituates with repeated presentations of a noxious stimulus [13,14,15,49]. Likewise,
perceived pain intensity of a noxious stimulus can habituate over seconds or minutes
[10,17,23,27,29,31,39,40], and it can also habituate with repeated painful stimulations
spanning days or weeks [4,26,34,42,46]. By repeatedly testing subjects, we were able to
make multiple assessments of touch gating using a noxious stimulus that became less novel,
more predictable, and less painful as the measurements progressed.

Even if distraction is not involved, touch gating might be expected to decline as a participant
habituates to the noxious stimulus, given what is known about the physiological bases of
touch gating and habituation. Specifically, evidence suggests that the locus of touch gating is
in the brain, because pain does not affect tactile primary afferent transmission in the dorsal
columns [11]. Long-term pain habituation, on the other hand, is thought to involve a
decrease in pain signals in the spinal cord as a result of descending inhibition [4]. Taken
together, these findings make it seem likely that touch gating would grow weaker as
habituation occurs.

Second, we included a canonical measure of cognitive interference with which touch gating
can be compared, the Stroop color-word task [45]. Previous research has shown that Stroop
interference declines as subjects practice the task [16,18,22,35,36,45]. If touch gating
similarly involves the use of cognitive control to overcome the interfering effect of pain on
touch, then like Stroop interference, it should decline as subjects learn to engage cognitive
mechanisms to overcome the interfering stimulus.

Third, we determined correlations between touch gating and psychological characteristics
that could potentially increase pain’s interference with vibrotactile detection through
cognitive processes, including fear of pain, hypervigilance, anxiety, and everyday
distractibility.

2. Methods
2.1. Participants

Thirty-one undergraduate students were enrolled in the study. Potential subjects were
recruited by means of a flyer posted on campus. Of the enrolled subjects, 24 (12 males and
12 females) completed the study. Three subjects withdrew before study completion because
of scheduling conflicts or a lack of interest in continuing. Four others were discontinued by
the experimenters, three for not following instructions and one because she rated the thermal
stimulus as “100” (corresponding to “the most intense pain imaginable™) during Session 1.
Data from the seven enrolled participants who did not complete the study were not included
in the analysis. Age of participants who completed the study ranged from 18 to 25 years
(M=20.5; SD=1.9). For each subject, the four sessions were conducted at the same time of
day when possible. The mean number of days from one session to the next was 8.8, and the
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median was 7 days. The study procedures were approved by the University’s IRB, and
written informed consent was obtained. Subjects were compensated for their participation.

2.2. Apparatus

2.2.1. Vibrotactile and thermal stimuli—Vibrations and thermal stimulation were
applied using a custom-built Vibrotactile Laboratory System (VLS) (Dancer Design, 123
Boundary Road, St. Helens, Merseyside, WA10 2L U, England). This apparatus used a
minishaker to produce vibrations of a circular, flat, aluminum contactor (diameter = 8mm)
that was raised to make contact with the subject’s skin through a circular hole (diameter =
10mm) in a tabletop on which the subject’s hand rested. The region immediately
surrounding the hole consisted of an annular aluminum plate (outer diameter = 64mm).
Water from a remote heating/refrigeration unit was pumped through thermally-insulated
plastic tubing into the contactor and surrounding plate, in which hollowed-out canals
permitted the flow of temperature-controlled water close to the surface on which the
subject’s hand rested. This method of temperature control was similar to that used by
Apkarian et al. [2]. Vibrations were delivered to the thenar eminence of the right hand, and
this and the surrounding region of skin were controlled to normal skin temperature (32°C) or
a painfully hot temperature (45°C) depending on run type. Both the vibrations and the
thermal stimulation were controlled by custom-designed LabView programs. A display
monitor that was visible only to the experimenters was used to observe the progress of each
run.

2.2.2. Color vision test—Because Stroop interference was measured in this study, it was
necessary to ensure that all subjects had normal color vision. During the first session, color
vision was tested using a set of pseudoisochromatic plates [1]. The test was administered to
participants under lighting provided by a Macbeth easel lamp with a daylight filter. Based on
the standard scoring method for this test [1], participants were required to miss no more than
four of the plates to be eligible for continuing in the study. All participants passed the test.

2.2.3. Stroop stimuli—The stimuli designed to produce a Stroop effect were composed of
five color words (Blue, Brown, Red, Green, and Yellow), which were presented in one of
the four non-matching colors (ex. the word “Red” presented in blue) during interference
runs. Each stimulus set consisted of 60 color words, 12 of each color, that were
simultaneously displayed on a computer monitor in a 4-column, X-by-Y array. In the 12
occurrences of each word in the array, it appeared in each of the other four colors an equal
number of times (i.e., 3 times). The order in which the words were arranged was
pseudorandomly determined, subject to the constraint that a given color or a given word did
not appear three or more times in succession.

For a baseline condition against which interference could be calculated, control stimulus sets
were created that contained series of X’s instead of words. The same constraints were placed
on the development and randomization of these stimulus sets, including 12 presentations of
each of the five colors and no more than two stimuli of the same color in succession. To
control for the fact that the different length of the words may have affected the difficulty of
the task in the interference condition, different numbers of X’s were used in the stimuli of
the control sets, corresponding to the length of the words used to produce interference.
Therefore, of the 60 stimuli in a control set, XXX, XXXX, and XXXXXX appeared 12
times each (for the words Red, Blue, and Yellow, respectively) and XXXXX appeared 24
times (for Green and Brown).

Stroop interference (interference set time — control set time) was measured four times in
each of the four sessions (16 times in all). Therefore 16 different interference sets and 16
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different control sets were used. The order in which they were presented to a given
participant was randomly determined, subject to the constraint that each set was used one
time per subject. For each measure, whether a control set preceded an interference set, or
vice versa, was random.

2.2.4. Questionnaires—At the beginning of Sessions 2 and 4, subjects completed the
Fear of Pain Questionnaire-111 (FOPQ) [38], the Pennebaker Inventory of Limbic
Languidness (PILL) [41], and the State portion of the State Trait Anxiety Inventory (SAI)
[43]. The Cognitive Failures Questionnaire (CFQ) [6], a well-validated measure of everyday
distractibility, was also administered; it contains questions such as “Do you fail to listen to
people’s names when you are meeting them?” We also obtained numerical ratings of any
pain and unpleasantness experienced upon subjects’ arrival at the laboratory and during the
previous two weeks.

2.3. Procedure

2.3.1. Consent, color vision test, and Stroop task training—At the beginning of
Session 1 the general procedures were explained and informed consent was obtained. The
overhead lights were turned off, and a Macheth easel lamp with a daylight filter was
illuminated for the administration of the color vision test.

Next, the subject was instructed in the Stroop task procedures using a series of PowerPoint
slides presented on a computer monitor. At the end of this training, the subject practiced the
Stroop task briefly, using a short set of interference stimuli. Any mistakes were corrected by
the experimenters.

2.3.2. Vibrotactile threshold training—The subject was seated at the VLS table and
trained in the procedure for measuring vibrotactile threshold in the absence of any noxious
thermal stimulation. Headphones producing pink noise were worn by subjects during all
measurements of vibration threshold. The subject was instructed to place the palm of the
right hand flat on the tabletop with the middle of the thenar positioned over the hole
containing the vibrotactile contactor. The contactor was then raised until it lightly touched
the subject’s skin; this was made evident by a slight uptick on a force readout on the
experimenter’s computer monitor. Following light contact with the skin, the contactor was
raised an additional 1mm to provide stable contact between the hand and the minishaker.

Vibration threshold was measured at a frequency of 33Hz using two-interval forced-choice
(2-1FC) tracking. Each trial in the 2-IFC threshold determination contained two intervals (A
and B), each 1s in duration, separated by a gap of 1s. One of the two intervals contained a
vibration and the other did not, the subject’s job being to correctly indicate which of the two
intervals contained the vibration on each trial. A computer monitor positioned 1m directly in
front of the subject kept the subject on track during runs. The monitor flashed the words
“Get Ready” 1s before each trial began. Then, the letter “A” flashed on the screen during
interval A, and “B” during interval B. After the intervals, the monitor prompted the subject’s
response (“Respond Now™), and he or she indicated during which interval the vibration had
occurred using a joystick on a response box held in the subject’s left hand. After the subject
gave a response, he or she was given feedback on the monitor indicating whether it was right
or wrong.

Following this feedback, the computer program adjusted the amplitude of the vibration
stimulus for the next trial, which began after 2s. Amplitude was increased if the subject
responded incorrectly or decreased if a subject made three, not necessarily consecutive,
correct responses; otherwise, it remained the same. Each run consisted of 40 trials. Vibration
amplitude was adjusted in steps of 3dB during the first 20 trials and 1.5dB during the last 20
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trials to gain more precision during the latter half of the run. Threshold was defined as the
mean log amplitude (dB) of the last eight trials in a run. For most subjects, vibration
amplitude started at 18 dB (re: 1jum) on the first trial of a run; two subjects had unusually
low thresholds, necessitating the use of a lower initial amplitude (14 dB) in their runs. Four
measurements of vibration threshold were made during Session 1, while VLS temperature
was held near normal skin temperature (32°C), to ensure that subjects were well-trained in
the task.

2.3.3. Stroop task—Following each measurement of vibration threshold, subjects were
seated in front of a different computer, where the Stroop task was administered on a monitor
positioned approximately 0.5 m in front of the subject. Following a countdown of “ready,
set, go,” a Stroop stimulus set appeared on the screen. The subject was instructed to report
aloud the color of each stimulus in the set, progressing down each column, beginning with
the leftmost column, as quickly as possible without making mistakes. Time to complete the
set and the number of uncorrected mistakes, if any, were recorded. A stimulus set of the
opposite type (i.e. interference or control) was administered after a delay of approximately
15s. After completing each measurement of Stroop interference, the subject left the
experimental room for a 10-min break before starting the next vibrotactile threshold
measurement.

2.3.4. Pain assessment—At the end of Session 1, following four measurements each of
vibration threshold and Stroop interference, the subject underwent a pain assessment. Here
the subject’s task was to periodically (every 30s) rate the intensity of a continuous thermal
stimulus (45°C), using a zero-to-100 scale where zero meant “no pain” and 100 meant “the
most intense pain imaginable”. The temperature of the contactor and surround was initially
adjusted to 40°C, and after the subject’s hand was in place stimulus temperature was
gradually raised (~1.5 min) to 45°C. The subject verbally rated pain intensity at the outset of
the run and again every 30s for an overall duration of 4min.

In summary, during Session 1 subjects took the color vision test and completed a short
Stroop training exercise. Four measurements of vibration threshold were made while the
VLS was at a neutral temperature. Each measurement of vibration threshold was followed
by a measurement of Stroop interference and a 10-min break. Following the fourth
measurement set, the pain assessment was carried out.

If a subject passed the color vision test, followed instructions in the vibrotactile threshold
and Stroop experiments, and found the noxious stimulus tolerable, he or she was invited to
come back for Sessions 2—-4.

2.3.5. Main Experiment—The main experiment (i.e. repeated measurements of touch
gating) took place during three sessions (Sessions 2—4) that were separated by intervals of
approximately one week. Questionnaires were administered at the beginning of Sessions 2
and 4. Similar to the experimental timeline for Session 1, each main experimental session
entailed four measurements of vibration threshold, and each vibration threshold
measurement was followed by a measurement of Stroop interference and a break.

2.3.5.1. Repeated gating group: For half of the subjects, constituting the repeated gating
(RG) group (N=12), measurements of vibrotactile thresholds in the presence of co-localized
noxious heat (concurrent heat runs; CHRs) were obtained, in alternation with threshold
measurements without heat (no-heat runs; NHRs). Touch gating magnitudes were
determined by subtracting thresholds measured at normal skin temperature (NHRS) from the
generally higher thresholds measured in the presence of noxious heat (CHRS).
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When measurements of vibrotactile threshold were made with concurrent noxious heat
stimulation (CHRs), the temperature of the VLS was controlled to 40°C before the start of a
run. During the first 1.5min, temperature increased gradually to 45°C, as in the pain
assessment protocol. Subjects reported pain intensity using the 0-100 scale at the outset and
again every thirty seconds for 1.5min. The 2-1FC program was initiated following the pain
rating obtained 1.5min into the run, using parameters identical to those used in Session 1
(33Hz, 40 trials, steps of 3 followed by 1.5dB, etc.). To periodically monitor perceived pain
during vibrotactile threshold determinations, the 2-1FC program was paused after every 101"
trial (about once per minute) and a pain rating was obtained. This procedure continued until
the completion of 40 trials, at which point a final pain rating was obtained before the run
ended (See Figure 1A). Baseline measurements of vibrotactile sensitivity were provided by
no-heat runs (NHRs), which were carried out in an identical fashion (including starting the
2-1FC after 1.5min and recording pain ratings), except the VLS temperature was controlled
to normal skin temperature (32°C) throughout (See Figure 1B).

RG subjects underwent four runs each session, with CHRs and NHRs alternating. Whether a
CHR came first or second was counterbalanced and remained the same for a given subject
across sessions. Each run was followed by a measurement of Stroop interference, including
administration of both an interference and a control set. Thus there were four measurements
of Stroop interference per session. Approximately 20min elapsed between successive
vibration threshold runs, allowing time for a determination of Stroop interference and a
break.

Touch gating was calculated by subtracting an NHR threshold (dB) from the CHR threshold
(dB) by which it was immediately followed (if the NHR was first) or preceded (if the CHR
was first). These calculations provided two such measurements of touch gating per session,
and six measurements total (See Figure 1D).

2.3.5.2. Limited gating group: In designing the study, we considered the possibility that
repeated noxious thermal stimulation might produce cumulative changes in tactile
sensitivity, unrelated to touch gating. Therefore, we ran a separate group of subjects who
received the same amount of noxious thermal stimulation as the RG group, but not
simultaneously with vibrotactile testing. In this “limited gating” (LG) group, most runs that
included heat consisted of a vibrotactile threshold measurement carried out at normal skin
temperature, followed by a period of noxious stimulation. Runs of this type were called
subsequent heat runs (SHRs; see Figure 1C). Following the vibrotactile threshold
measurement portion of an SHR, the subject removed his or her hand from the apparatus
(~1min) while the VLS was heated to 40°C. Then, he or she placed the hand back onto the
apparatus, and the temperature gradually rose to 45°C. During an SHR, the subject gave
periodic ratings not only during the period of vibrotactile threshold measurement, but during
the subsequent 6.5-min period of noxious heat stimulation as well.

The LG group underwent a measurement of touch gating (i.e. CHR vs. NHR) at the
beginning of session 2 and at the end of session 4, but between these two measurements they
never received concurrent heat and vibrotactile stimulation; instead, they underwent SHRs
and NHRs in alternation. Touch gating was therefore limited to an initial and a final
measurement, although the two groups of subjects received the same overall amount of
noxious thermal stimulation (see Figure 1E). Stroop interference was measured after each
run.

In all three types of runs (CHR, SHR, and NHR), subjects gave pain ratings at 1-min
intervals during the period of vibrotactile testing. These ratings were usually substantial
during CHRs, but negligible during SHRs and NHRs.
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3.1. Vibrotactile threshold training

The results from the four measurements of vibrotactile threshold obtained during Session 1
were analyzed to determine whether performance was stable before touch gating was
measured in the subsequent sessions. Mean thresholds were 8.2, 8.2, 8.1, and 7.5 dB re:
1pm during run numbers 1, 2, 3, and 4, respectively. A repeated-measures ANOVA showed
that the effect of run number was not significant [ A3, 69) = .65, p=.59]. Vibration
thresholds were therefore consistent during training.

3.2. Touch gating

3.2.1. RG group—Six measurements of touch gating were made in RG subjects. Se¢
Figure 2. A 6 x 2 repeated-measures ANOVA was implemented to determine whether,
across multiple measurements (Measurement Number) of touch gating, vibrotactile
thresholds were elevated in the presence of concurrent pain (Run Type), and whether this
elevation changed. The main effect of Run Type was significant [A1,11) = 16.3, p=.002],
indicating impairment in vibrotactile sensitivity during CHRs. The main effect of
Measurement Numberwas not significant [A5,55) = .21, p=.96], meaning no change in
vibrotactile sensitivity was evident across the multiple measures. The interaction between
Measurement Numberand Run Type was also not significant [ A5,55) = .65, p=.66],
revealing no change in touch gating across the six measures of it.

3.2.2. LG group—Because participants in the LG group did not undergo CHRs between
the initial and final measurements of touch gating, the effect of pain on vibration threshold
could not be tracked on a measure-to-measure basis. However, paired-samples t-tests were
conducted, comparing NHR thresholds with the thresholds obtained in SHRs, to determine
whether threshold rose in SHRs in anticipation of pain. These tests revealed no significant
difference between NHR and SHR vibration thresholds (o> .05 for comparisons of runs 3
and 4; 5 and 6; 7 and 8; and 9 and 10). See Figure 3. If subjects did come to expect pain on
alternate (i.e. SHR) runs, this did not produce any impairment in vibrotactile sensitivity.
Paired-samples t-tests comparing CHRs and NHRs did, however, show significant touch
gating for these subjects in the initial [11) = 5.00, p<.001] and final [{11) = 4.91, p<.
001] measures.

Thus, the effect of touch gating was reliable over the course of the measures in RG and LG
subjects, and no artifact resembling touch gating occurred when NHRs and SHRs were
compared in LG subjects.

3.2.3. Initial and final gating differences between groups?—A 2 x 2 x 2 mixed-
model ANOVA was used to determine whether gating differed between groups during the
initial and final measures. Within-subject factors were Measurement Number (initial or
final) and Run Type (CHR or NHR), while the between-subjects factor was Group. The
main effects of Measurement Numberand Group were not significant [A1,22) = 1.39, p=.
25 and A1,22) = .03, p= .86, respectively], indicating no difference in sensitivity from the
initial to the final measure and no difference in sensitivity between groups. The main effect
of Run Typewas significant [H1,22) = 47.1, p < .001], revealing robust touch gating. None
of the interactions was significant (p>.10 for all); thus, touch gating, and the degree to
which it withstood repeated testing, was not different for the groups.

3.3. Pain ratings

Because the temperature of the VLS rose gradually from an innocuous warm temperature
(40°C) to 45°C during the first 1.5min of heat runs, pain ratings obtained during this time
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were omitted from analysis. A mixed-model ANOVA of ratings obtained once the VLS was
at the target temperature (ratings 5-8) was employed to measure changes in perceived pain:
Within-subject factors assessed changes in pain across sessions 2—4 (Session), between the
first and second pain runs of each session (~urn), and across the four ratings within each run
(Rating). To determine whether these changes in perceived pain were different between RG
and LG groups, Groupwas included as a between-subjects factor.

The significant effect of Rating [H3,66) = 39.9, p < .001] indicates that pain increased (i.e.
sensitized) within runs. See Figure 4. Across runs and sessions, however, the opposite (i.e.
habituation) occurred. The main effect of Run[H1,22) = 7.3, p=.01] shows that pain
significantly habituated between the first and second pain exposures within sessions, and a
main effect of Session[H2,44) = 10.9, p < .001] reveals significant pain habituation across
sessions. See Figure 5. The lack of a main effect of Groyp[A1,22) = 1.3, p=.26] indicates
no difference in pain sensitivity between RG and LG subjects. The only significant
interaction was between Session, Rating, and Group [H6,132) = 2.4, p=.03]; inspection of
the data indicated that for RG subjects, sensitization within runs tended to decrease across
sessions, while for LG subjects this sensitization increased.

3.4. Analysis of data pooled across groups

3.4.1. Stroop interference—Since four Stroop interference runs were carried out within
each session, there were 16 measurements of Stroop interference in all. See Figure 6. A 4 x
4 x 2 repeated measures ANOVA, with Session (1-4), Run (1-4), and Stimulus Type
(interference or control) was used to examine these data. The main effect of Stimulus Type
revealed robust interference [A1,23) = 144.0, p < .001]. The main effect of Sessionwas
significant [A3,69) = 34.9, p < .001] but the effect of Runwas not [H3,69) = 0.9, p=.46],
indicating decreasing times for both interference and control sets across, but not within,
sessions. The Session x Run interaction was significant [ H9,207) = 4.9, p<.001]; although
there was no main effect of Run, improvement within sessions was reduced in later sessions.
The Session x Stimulus Type interaction was significant [A3,69) = 7.4, p<.001], revealing
a reduction in Stroop interference across sessions. See Figure 7. No other interaction was
significant.

3.4.2. Touch gating correlations with other variables—Psychosocial questionnaires
measuring fear of pain (FOPQ), distractibility (CFQ), hypervigilance (PILL), and state
anxiety (SAI), as well as a questionnaire measuring current and recent pain, were
administered to determine whether these psychological factors were related to touch gating
magnitude. Pearson correlations between these questionnaire measures and initial and final
measures of touch gating revealed that none was related to the amount of touch gating that
occurred (p> .10 for all). See Table 1.

A Pearson correlation between initial touch gating and the first measure of Stroop
interference (measure 1) revealed no relationship between these two types of interference [r
=-.27, p=.20] at the outset of testing them. Likewise, a comparison of the two tasks
following substantial practice on them showed that final touch gating was not correlated
with the last measurement (measure 16) of Stroop interference [r=-.04, p= .85].

Finally, touch gating was compared with perceived pain ratings, to determine whether
subjective pain intensity is related to touch gating magnitude. There was no relationship
between touch gating and perceived pain during the respective pain runs for the initial [r=
-.12, p=.59] or final [r= .07, p=.76] measures.
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4. Discussion

Three main lines of evidence point to touch gating being a sensory interaction between
nociceptive and tactile signals, rather than a result of distraction or other high-level
processes. First, touch gating was unchanged by repeated noxious stimulation, in spite of the
fact that perceived pain habituated significantly over the same series of runs. Second, the
amount of practice that subjects received in detecting vibrations in the presence of
concurrent painful stimulation did not affect the amount of touch gating they showed. This
resistance to change distinguishes touch gating from cognitive (e.g. Stroop) interference,
which subjects gradually learned to overcome. Finally, touch gating magnitude was not
related to any of the psychological variables measured by questionnaire in this study,
suggesting that touch gating is not mediated by anxiety, distraction, hypervigilance, or fear
of pain. These lines of evidence are discussed more fully in the following sections.

4.1. Distraction and pain habituation

If touch gating were the result of distraction by pain, then perceived pain should have been
related to touch gating magnitude and touch gating should have habituated with pain.
Intense chronic pain causes greater distraction than chronic pain of lower intensity [19].
Moreover, moment-to-moment changes in the painfulness of a constant thermal stimulus
predict the magnitude of pain’s distraction from a cognitive task on a trial-to-trial basis [8].
The fact that reported pain intensity was not correlated with touch gating magnitude in the
present study shows that touch gating was not a function of the subjective experience of
pain, and thus argues that it was not the result of distraction.

Furthermore, pain’s ability to distract habituates [13,14,15,49], presumably as the noxious
stimulus loses its novelty and threat value [20,50]; and pain causes less distraction when it is
predictable than when it is not [12]. Although our subjects did not explicitly report the
perceived novelty or predictability of the noxious stimulus, repeated presentations of the
same stimulus (in terms of temperature, rise time, stimulated area, and duration) spanning
multiple runs within and across sessions became very familiar to subjects by the time of the
final touch gating measurement. Subjects also learned that the thermal stimulus, while
painful, did not cause any lasting discomfort or injury and was therefore not threatening. All
of these cognitive changes likely reduced pain’s ability to capture attention and serve as a
distraction. The fact that touch gating magnitude nevertheless remained relatively constant
throughout the experimental sessions therefore suggests that distraction is not the instrument
with which pain gated touch in the present study.

Pain that is intense, novel, unpredictable, or threatening might increase vibrotactile threshold
through distraction, and thus add to measured touch gating, but under everyday conditions
(and those in the present study), touch gating is a form of sensory interaction that appears
relatively immune to distraction.

4.2. Cognitive interference

To perform optimally in the Stroop task, subjects must effectively inhibit an automatic
tendency to read interfering words [36] by engaging cognitive control mechanisms [9].
Similarly, to optimally detect vibrations in the presence of pain, subjects are required to
ignore a stimulus that, given the proper parameters, can automatically enter attention [20]. In
the present study, measurements of touch gating and Stroop interference both included a no-
interference condition and an interference condition, and in both cases the interference
condition was found to significantly hamper optimal performance. However, in terms of the
results of these measures of interference, the parallels went no further. Touch gating
magnitude was not correlated with Stroop interference, suggesting that the two types of
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interference are processed in different ways. In addition, this absence of a relationship
implies that the degree of pain’s detrimental effect on tactile processing is not a function of
one’s ability, or lack thereof, to effectively ignore stimuli through cognitive control.

Furthermore, there were striking differences in the way these two types of interference
withstood repeated testing: Stroop interference declined significantly, as expected from
earlier studies [16,18,22,35,36,45], but touch gating remained robust. The reduction in
Stroop interference with practice shows that subjects successfully learned cognitive
strategies to cope with the interfering stimuli. In contrast, repeated practice detecting
vibrations with concurrent pain was not successful in reducing pain’s interference with
touch, indicating that the two types of interference are fundamentally different.

4.3. Psychological characteristics

Additional support for the conclusion that touch gating is a sensory phenomenon comes
from the lack of any observed correlations between touch gating and psychological variables
that might be expected to influence a cognitive process. High somatic awareness (i.e.
hypervigilance) has been shown to enhance pain’s interference with cognitive tasks [21], but
pain’s effect on tactile sensitivity did not vary as a function of this psychological variable,
nor was touch gating related to an individual’s fear of pain or current anxiety. Likewise,
scores on the CFQ, a measure of everyday distractibility, were unrelated to touch gating
magnitude, although previous studies have reported correlations between CFQ scores and
performance on a variety of cognitive tasks [7,24,25,28,32,33,37,47]. Touch gating therefore
appears to be a relatively automatic process that is impervious to “top-down” influences.

4.4. The physiology of pain habituation and touch gating

The finding that pain habituation did not reduce the magnitude of the nociceptive system’s
inhibitory influence on touch is in agreement with neurophysiological and neuroimaging
studies of pain habituation and touch gating. Bingel et al. [4] found that repeated daily pain
stimulations caused decreases in perceived pain and pain-evoked activity in many regions of
the pain system (e.g. insula, thalamus, secondary somatosensory cortex), but not in S1. In
terms of pain habituation on a shorter timescale, repeated presentation of a thermal stimulus
that was moved to fresh skin between trials (thus avoiding peripheral adaptation) caused
pain ratings to significantly habituate, but pain-evoked activity in S1 was not reduced by the
same magnitude [27]. These results suggest that central pain habituation may occur in
cortical regions devoted to higher-level processing of pain, while leaving pain’s influence on
S1 relatively intact.

Several studies have implicated S1 as a possible locus of touch gating [3,48,51]. Under this
hypothesis, nociceptive signals would have to reach S1 with unchanging intensity during
habituation, in order to gate touch with unchanging magnitude (as the present study found).
Alternatively, touch gating might occur at a lower level than S1, consistent with the fact that
nociceptive signaling can alter the processing of tactile signals in the dorsal column nuclei
[11].

Whether the critical mechanism resides in brainstem or cortex, there is an emerging
consensus that touch gating occurs in the brain. In contrast, long-term pain habituation is
accompanied by activation in areas associated with descending pain inhibition [4], and is
therefore thought to suppress pain signals, at least in part, at the level of the spinal cord.
Taken together, these results suggest that pain signals habituate at an earlier level than touch
gating. The present results are, however, incompatible with this view, in that a decrease in
the pain signal (long-term pain habituation) did not weaken an effect (touch gating) that this
pain signal produces.
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One way to resolve this seeming contradiction is to hypothesize that pain habituation
dampens signals that are responsible for perceived pain while leaving parallel signals that
are responsible for closing the touch gate relatively intact. This interesting possibility
warrants future investigation.

4.5. Conclusions

The present study employed a combination of approaches to increase understanding of touch
gating, a phenomenon in which tactile sensitivity is impaired by the simultaneous
presentation of a noxious stimulus. A key question was whether touch gating is more
appropriately regarded as a form of sensory, or of cognitive, interference. Three lines of
evidence were marshaled to answer this question. (1) Touch gating remained strong despite
a significant decline, due to habituation, in the painfulness of the noxious stimulus that
induced it. (2) Repeated activation of the touch gate did not weaken it; this stands in contrast
to the reduction in cognitive (Stroop) interference that was observed in the same subjects.
(3) Finally, touch gating magnitude was not related to distractibility or other psychological
variables known to affect pain’s ability to interfere with performance on various tasks.
While extreme conditions (e.g. inducing fear in subjects) might add a top-down element
(such as distraction) to measurements of touch gating, the evidence of the present study
indicates that at its core, touch gating is a robust and relatively inflexible form of interaction
between somatosensory submodalities, isolated from cognitive influences and dependent on
afferent signals rather than on the subjective experiences that result from them.
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Run types and main experiment timeline. The three run types: A) concurrent heat run
(CHR), B) no heat run (NHR), and C) subsequent heat run (SHR), are pictured. The 2-1FC
row indicates when a subject’s hand was positioned on the VLS. No vibrations were
presented for the first 1.5min of each run (straight lines), after which vibration threshold was
measured using the 2-1FC protocol (wavy lines). The temperature graphs indicate the
temperature of the contactor and surround during each run type. Heat was presented
concurrently with vibrotactile measurements only during CHRs. SHRs included a pain
stimulus of the same intensity (45°C) and duration (6.5min) as that of CHRs, but it was
presented after measurement of vibration threshold. D) Order of run types for a subject in
the repeated gating (RG) group. E) Order of run types for a limited gating (LG) group
subject. An initial measure of touch gating (7G /nitial) was calculated for both groups of
subjects using runs 1 and 2. Treatment of the groups differed until a final measurement of
touch gating (7G Final) was made (runs 11 and 12). Between initial and final measurements,
RG subjects continued to undergo CHRs alternating with NHRs, while LG subjects
underwent SHRs between NHRs. Run order was counterbalanced within each group so that
half of the subjects started with a CHR (as shown in the figure) and the other half started
with an NHR followed by a CHR (not shown). Following each run, a measurement of
Stroop interference was made, including the control and interference conditions (not shown).
Twenty minutes elapsed between runs within a session.
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Figure 2.

Effect of pain on vibrotactile thresholds in repeated-gating group. The six measurements of
touch gating are shown as a function of the respective runs that comprised each
measurement number. Half of the subjects underwent CHRs during even runs and NHRs
during odd runs, and for the remaining subjects this order was reversed. Error bars represent
+/- 1 SEM.
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Figure 3.

Effect of pain on vibrotactile thresholds in limited-gating group. Initial (runs 1 and 2) and
final (runs 11 and 12) measures of touch gating were assessed in the same manner as in the
repeated-gating group. During runs 3-10, heat was never presented during measurements of
vibration threshold; instead NHRs alternated with SHRs. Concurrent heat significantly
increased vibration thresholds in both the initial and final measures. There was no
significant difference between NHR and SHR thresholds. Error bars represent +/— 1 SEM. *
indicates p <.001, paired-samples t-test.
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Perceived pain intensity during six runs containing noxious heat (CHRs and SHRs).
Perceived pain increased significantly within runs while the VLS temperature remained at
45°C. Error bars representing +/— 1 SEM are provided for the first and final pain run;
variance in the other runs was similar.
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Pain habituation. Each bar represents the average of ratings given while the VLS
temperature was 45°C during pain runs (CHRs and SHRs). Since half of the subjects
underwent pain runs in even runs and the other half in odd runs, the figure groups the pain
ratings from each half of a session together (e.g. run 1 or 2). Significant habituation occurred
within and across sessions. Error bars represent + 1 SEM.
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Figure®6.

Stroop interference. Measures 1-4, 5-8, 9-12, and 13-16 took place during Sessions 1, 2, 3,
and 4, respectively. Completion time for interference sets was significantly greater than
completion time for control sets for all measures. Error bars represent +/— 1 SEM.
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Stroop interference declined across sessions. Points represent mean Stroop interference
(mean of interference sets — mean of control sets) for each session. Error bars represent +/—

1 SEM.
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Questionnaire scores and comparisons to initial and final measures of touch gating

Table 1

Session2 | TG Initial | Sesson4 | TG Final

M (SD) r (p) M (SD) r (p)
PILL 18.3(8.9) .25 (.23) 17.3(9.2) | —.20(.35)
SAIl 35.0 (12.9) .23 (.28) 31.7(7.9) | —-.25(.24)
FOPQ 76.8(20.7) | .18(.40) | 79.4(20.6) | -.06 (.79)
CFQ 454 (11.4) | 17(43) | 438(9.1) | .01(.96)
Recent Pain | 9.3(9.0) | -.32(13) | 11.8(14.4) | .05(.81)
Current Pain 3.2(4.9) -.15 (.47) 2.8(5.4) =17 (.43)

Note. M = mean; SD = standard deviation; r = Pearson coefficient for relationship between touch gating (TG) and questionnaires recorded during
respective session; p= pvalue for r; PILL = Pennebaker Inventory of Limbic Languidness; SAI = State Anxiety Inventory; FOPQ = Fear of Pain
Questionnaire — I11; CFQ = Cognitive Failures Questionnaire; Recent Pain = average pain intensity during past two weeks (0-100 scale); Current

Pain = intensity of pain reported at beginning of session (0-100 scale).
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