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Abstract

Pathophysiological causes of low back pain (LB®)amm generally unclear, so focus has
shifted to psychosocial features and central peocgssing. Effects of attentional and
affective manipulation on conditioned pain modwat{CPM) and tonic pain perception
were examined in thirty recurrent LBP patientswo sessions, one with and one without
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clinical pain, and compared to healthy participaRtsasic cuff pressure on one leg, scored on
a numerical rating scale (NRS), was used for tisitdi (TS) and contralateral tonic cuff

pain rated on an electronic visual analogue s@l&§) was the conditioning-stimulus (CS).
TS were assessed before and during: 1) controlnatimanipulation/CS, 2) three attentional
manipulations (Flanker with/without CS or CS-Onlgind 3) three affective manipulations
(positive, neutral, negative pictures) with CS. &ee inhibition of TS-NRS scores was
observed in CS-only (P=0.028), combined CS&atten{=0.026), and CS&Positive
(P=0.006) than Control paradigms, and greater i&f283itive (P=0.019) than CS&Negative
paradigms. eVAS scores of CS pain increased thiamutgill paradigms with CS (P<0.05),
except the CS&Positive paradigm, and greater fatibn was observed in the CS-Only
paradigm than all others (P<0.02) and lower faatilin was additionally observed in the
CS&Positive paradigm compared to. CS&Attention ai@kBlegative paradigms (P<0.01).
Flanker effects and interruptive effects of CS mmmttention were observed consistent with
prior findings, and affective manipulation produdesis shift in valence among people with
RLBP than controls (P<0.05). Attention and posi@ect with CS pain evoked CPM, and

all attentional/affective tasks, especially postaffect, reduced facilitation of CS pain.

Keywords: low back pain; Conditioned pain modulafitonic pain facilitation; affective

manipulation; attention task performance

INTRODUCTION
Low back pain (LBP) is the leading cause of glopers lived with disability[19]. However,
the pathophysiological cause of LBP is often ungleance increasing focus has been on

psychosocial factors and alterations in centratmgs system sensory processing as possible



contributors to pain persistence[16,50]. While stazttors have been investigated
independently in various formats, the interactiehneen attentional or affective
manipulations and pain processing is unclear. M@edhe competing influence of current
clinical pain on these interactions remains larggignown.

It is well established that shifting attentionahdinds and changing affective states can
alter pain perception in experimental contexts[39pically, attentional tasks requiring
sufficient cognitive engagement to distract anvittiial from pain will reduce perceived
stimulus intensity, whereas focus toward the stirmwlill increase the pain perceived[40].
With regard to affect, tasks eliciting positiveedt will result in reduced pain perception,
whereas negative affect may enhance pain perc¢pfprin the past two decades, research
has primarily focussed on attentional and affecéiffects on static pain perception of either
brief stimuli or pain threshold measures. Howewsore interesting is the effect that attention
and affect may have on dynamic pain inhibitory &audlitatory pain mechanisms.

Recent work has shown that simply directing atenfireferentially toward the test or
conditioning stimulus can result in differing maigigies of descending inhibitory control, as
assessed by conditioned pain modulation (CPM)[irhilarly, distracting participants by
directing attention toward a simple cognitive tasis shown to provide an additional
inhibitory effect to CPM paradigms alone[39]. Retjag affective manipulation, these
interactions remain largely unexplored, howevegréhare clear influences of negative or
positive affect induction on pain thresholds, pptme and cortical regions associated with
pain modulation[7,31,45]. Naturally, such interaatis likely bidirectional, and both
experimental and clinical pain states may impaeindibnal performance and success of
affect induction. In line, cross-sectional diffeces have been observed with regard to

attentional task performance[4] and affect[5] betwehronic pain populations and pain-free



individuals. It is however unclear how the preseoicelinical pain will influence the
interaction between attention/affect and pain meismas.

This experiment aimed to examine the impact ohéitteal and affective manipulation
on pain ratings of pressure stimuli among recurt®&R (RLBP) patients with and without a
current clinical episode, as well as in age andrsatched pain-free individuals. It was
hypothesised that conditions involving positiveeaffor distraction from pain would be
beneficial to inhibitory function during CPM, heneucing conditioning and post-
conditioning test stimulus ratings during thes&s$asvhereas negative affect would have a
detrimental impact and increase conditioning armst-gonditioning test stimulus pain ratings.
LBP patients were expected to show increased péimgs during all tasks, and it was
hypothesised that they would confer less benefipéired inhibition) from positive affect
and distraction compared to healthy individualssupplementary analysis, it was expected
that both experimental and clinical pain-would imn@détentional performance (reduce
accuracy and increase reaction time) and cliniaal prould reduce the efficacy of affective

manipulations (less deviation in valence from ratr

METHODS

Participants

Participants were recruited from the university ander community via social media, flyers
on local notice boards, at recreational faciliteesg through physiotherapy and acupuncture
clinics for a prior study throughout 2018 [32]. PEowith current acute lower limb pain,
chronic pain conditions, and neurological, musdcktetal, cardiorespiratory, or mental
disorders were excluded. Participants then hadeet mne of the following conditions: 1)

currently experiencing an episode of recurrent lb@ek pain lasting greater than 24 hours,



with expectation of resolution in less than 1-moartidl more than one prior episode in the
preceding 12-months, or 2) no significant histoirjoaw back pain, and no current acute or
recurrent pain conditions. Sample size was basq@nous cuff algometry reliability data
and a priori calculations were performed using GtE03.1.9.2 (Kiel University, Germany),
for the main analysis of variance (ANOVA) with 2ogps and 2 repetitions at an alpha level
of 0.05 and 80% power, giving a minimum of 22 mapénts per group to show significant
within-between interactions of moderate effect §fz8.25). Prior to participation, all
participants were given written and verbal explamaof the study, and all provided written
informed consent. The protocol was approved bydbal ethical committee (N-20170034),
was pre-registered on ClinicalTrials.gov (NCT03483)7and was conducted in accordance

with the Declaration of Helsinki Il.

Experimental Protocol

The experiment consisted of two 2-hour sessions gath participant, conducted at the same
time of day, and separated by approximately 28-deytended by up to 14 days if pain had
not resolved). This was in an attempt to test pidints with RLBP during an episode of

back pain, and then once they were pain-free again.

In each session, all participants answered quespertaining to demographics, pain,
sleep and menstruation, then filled out the StateTaait Anxiety Inventory [55] (STAI,
Chronbach’s alpha: State = 0.89, Trait = 0.92), Rasltive and Negative Affective Schedule
[60] (PANAS, Chronbach’s alpha: Positive = 0.91giiitve = 0.82). LBP participants further
rated their average pain intensity and unpleasastdering this episode on a Visual
Analogue Scale (VAS; 0 cm = no pain at all/not eagknt at all, to 10 cm = worst pain
imaginable /most unpleasant sensation imaginatkésgribed their current pain using the

McGill 72-word table [36], and completed the ST&4dck Screening Questionnaire [18]



(SBQ, Cronbach’s alpha: 0.71). Participants thesreawent a physical examination and other
sensory assessments (e.g. pressure pain thresimaldesmporal summation of pain) for

which data can be seen elsewhere[32]. Participaats positioned in a comfortable reclined
sitting position, with a computer screen, keypad electronic VAS (eVAS) placed on a
height adjustable table over their hips (Fig. )ff@ressure pain thresholds were assessed
over the lower legs, to set the test and condigistimulus intensities. Three different
attentional modulation conditions were then appired randomized order, followed by three
different affective manipulations in randomizedendefore and following all conditions, a

series of test stimuli were applied alone to askessensitisation across the session.

Cuff Algometry

A computerized cuff-algometry system (NociTech, Dank) paired with two 10-cm wide air
pressure cuffs (VBM, Germany) and an electronic \A®BAS; anchored at 0 cm: no pain, to
10 cm: worst pain imaginable) was used to applgguee stimuli. The cuffs were placed over
the most prominent portion of the calf, with the tmorder sitting approximately 5-cm distal
to the tibial tuberosity. Cuff pain tolerance (cBThresholds were initially assessed on the
non-dominant, then dominant leg, via a ramped Ikiéation to a maximum of 100 kPa
(safety limit). Participants rated continuouslytbe eVAS as pressure-pain increased, with
cPTT defined as the point at which the pressura-pacame intolerable, indicated by the
participant pressing the ‘stop’ button. Previoyset@ions of this assessment were completed
for another study[32], hence participants were famsed with the procedure such that only

one trial was required.

------------ Insert Figure 1 approximately here--——-----



Test Simuli

Three 1-s cuff stimuli (inflated at 100 kPa/s), a&egped by 10-s, were applied to the dominant
leg at cPTT pressure intensity as the test stirBQks prior to and 80-s into each task (Fig. 1).
Two verbal numeric rating scales were used to agbespain intensity (NRS-I; 0: no pain at
all, to 100: worst pain imaginable) and pain ungégdness (NRS-U; 0: not unpleasant at all,
to 100: most unpleasant sensation imaginable) df st stimulus. The distinction between
intensity and unpleasantness was thoroughly exgdiawith use of the volume/response
sound analogy[46], and understanding confirmed.thhee stimuli ratings were then
averaged to give a ‘pre’ and ‘post’ pain intensitbd pain unpleasantness score, to be
compared for each task in order to demonstratelabitory or CPM-effect (i.e. NRS-pre
minus NRS-post). Test stimuli were also appliedpto (Control, two sets of test stimuli

with no task or conditioning in-between) and follag all paradigms to assess for changes in

basal pain sensitivity across the entire experialesgssion.

Conditioning Stimuli

The conditioning pressure pain stimulus was appbettie non-dominant leg via a cuff
inflated to 70% of cPTT for approximately 105-s. B¥AS was used to record the intensity
of pain experienced due to this tonic conditiorstigwulus at four time points during each
application. Raw conditioning stimulus eVAS ratigsre averaged across each
sequence/paradigm for analysis. Further, to quafadilitation of pain perception due to the
conditioning stimulus, the second to fourth eVABngs were normalised, by subtraction, to

the first rating in each task for analysis.



Attentional Manipulations

A modified flanker task, programmed using E-Prifsychology Software Tools, USA) and
presented on a 17” computer screen, approxima@bndin front of the participant at eye-
level, was used as the attentional task. In tlsik, gaarticipants were asked to respond to the
direction of the middle arrow, in a group of five@ws, by responding with either a ‘1’ for
left or a ‘3’ for right with the dominant hand orkaypad. The four surrounding arrows could
either point in the same direction (congruent)ha ¢pposite direction (incongruent) to the
middle arrow. Arrows were presented in one of feositions (offset to the right or left,
above or below the centre of the screen) for 50@atfmved by a 800 ms fixation cross. The
order of all directions, conditions and positiorsswandomized without replacement for each
block. Participants were given 32 practice triago(per position for each possible condition)
with unlimited response time and feedback aftehestienulus. Following this, another 1
minute of practice without feedback at the pacelwkeing the experiment, to ensure
adequate task acquisition and achieve near maxieredrmance.

Three paradigms were then performed: CS-only (wbehgthe cuff conditioning
stimulus was applied with no attention task), Adtrly (where only the attention task was
performed with no conditioning stimulus), and CS&Afwhere the attention task and
conditioning stimulus were applied simultaneousByring paradigms with the attentional
task, 48 stimuli were presented in total, withaérpain now’ instruction given after every
block of 12 stimuli (72.5 s total task durationurihg the CS-onlyparadigm, a fixation cross
was presented on the screen in-between the sared tues to ‘rate pain now’. Immediately

following each attentional paradigm, the ‘postttssmuli were applied.



Affective Manipulations
The International Affective Picture System (IAPS)icatalogue of over 1000 photographs,
with normative valence (pleasantness), arousatiandnance rating data (as per the Self-
Assessment Manikin, SAM), designed for use in diffeaesearch[29]. Images were selected
from this catalogue, based on normative valencees{29] (for which the combined mean
(xSD) values are shown here), to form two set$idd distinct affective groups: positive
(Set A SAM: 7.6%0.4, Set B: 7.6£0.4), negative (8eR.2+0.6, Set B: 2.3+0.5), and neutral
(Set A: 5.2+0.7, Set B: 5.1+0.6). Further, attenyp¢se made to match images between
valence groups based on content (i.e. child, aniseaine, etc.) and arousal, though generally
negative images (5.8+0.8) had slightly higher ndivesarousal ratings than positive images
(5.1+0.9), and both positive and negative slighigher than neutral images (4.2+0.9). In an
effort to reduce variation in affective responsesges rated differently (>1/9) between
genders, or with large standard deviations (>219alence, were purposely not selected.
Two matched sets per affective group were creatach that in each session different images
of matched valence, arousal and content could ée, wathout compromising stimulus
novelty. As using series’ of contextually congruenages has previously been suggested to
induce larger shifts in affective state[8,61], 8dkis of 3 context-congruent images (total 24)
were used for each set in each valence categaySiggplementary Table 1, available at
http://links.lww.com/PAIN/B459). Prior reports swggl affective manipulation effects to last
anywhere from 6-16 seconds[8,14] up to 1-2 min@&$[3], with wash-out periods
recommended to be 2-5 minutes[10,26]. Interverasggs are also commonly used to
improve return to neutrality[10,20,22], hence a Bute washout period with intervening
task between paradigms was used here.

Three paradigms using these images were perfor@@fPositive (with positive

image set A or B and simultaneous cuff conditiohi@S&Neutral (with neutral image set A



or B and simultaneous cuff conditioning), and CS&Hlieve (with negative image set A or B
and simultaneous cuff conditioning).

Images were presented as a timed slideshow uskignie (Psychology Software
Tools, USA), in the same manner as for attentiomahipulations. Each image was presented
for 2000 ms followed by a 500 ms fixation crosg] after every 6 images an instruction to
‘rate pain now’ was shown on the screen (72.5 sgmation total). During the last image

(held for max. 25 s), the ‘post’ test stimuli wexgplied.

Manipulation Checks

Several parameters were obtained to confirm tleaattentional and affective paradigms
produced the desired effect. These included: 1urfsery and reaction time from each
application of the attentional task for congruemi ancongruent trials; 2) Perceived
attentional direction (i.e. to the task, exterretsory distractions, task-related thoughts, and
mind-wandering thoughts) and effort throughout eatténtional paradigm rated on 7-point
Likert scales (1: never/no effort; 7. always/maximaffort); 3) Subjective comparison of
attentional task difficulty between paradigms vatid without pain; 4) Memory of cuff pain
while performing the attentional task (yes/no)ASective state achieved by manipulation
(i.e. one-word free response to the open questWihat one word would you use to describe
how you felt while you watched the last seriesns@ges?”); and 6) Valence and arousal
ratings on SAM (1-9 picture scale with 1=most nagdtalm, 5=neutral, 9=most
positive/aroused) following each affective manipiola. Complete analysis of this data is

included in the supplementary material (availablietgp://links.lww.com/PAIN/B459).
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Satistical Analyses

Data were analysed using SPSS (v24.0; IBM, ArmdhKk) and are reported as mean (+
standard deviation, SD) or median (25th-75th glesjtin-text and tables, and as mean (+
standard error of the mean, SEM) in figures. Nortyalas assessed within-groups by
Shapiro-Wilks and parametric or non-parametric ysialwas used as appropriate.
Demographic information was compared between graspgy independent-samples t-tests
or Mann-Whitney U tests dependent on normality.diae questionnaire scores were
analysed between-sessions with Wilcoxon signed-testk and between-groups with Mann-
Whitney U tests. All pain-related data (cPTT, &gnuli NRS ratings, CPM-effects, and
conditioning stimulus VAS ratings) were analysed analysis of variance (ANOVA) with
Group (RLBP or control) as a between-subjects factod,2ession (1/painful or 2/pain-free),
Leg (Dominant or non-dominant, for cPT Baradigm (3 attentional paradigms: CS-only,
Attn-only, CS&Attn; and/or 3 affective paradigmsS&Positive, CS&Neutral or
CS&Negative)Time (Prior, end or &, 39 4" rating) as within-subjects factors when
appropriate.

Performance measures and manipulation checks weilarty compared with ANOVAs
with Group (RLBP or control) as a between-subjects factod, 2ession (1/painful or 2/pain-
free) andParadigm (Control paradigm; 3 attentional paradigms: CS-pAlyn-only,
CS&Attn; and/or 3 affective paradigms: CS&Positi@G&Neutral or CS&Negative) as
within-subject factors as appropriate (supplementaaterial, available at
http://links.lww.com/PAIN/B459). Differences in thmoportion of dichotomous question
responses were analysed with Fisher’'s exact tesénVidecessary, violations of sphericity
were Greenhouse-Geisser corrected. Omnibus tésted¢o the main hypotheses of the
study (i.e. those related to test stimulus modua#ind conditioning pain facilitation) and

those pertaining to subjective attentional or d@fiecrating were each corrected for false
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discovery rate using the Benjamini-Hochberg proced&]. Omnibus tests remaining

significant after correction were reported witheeffsize as partiaf and were followed by
post-hoc pairwise comparisons with Sidak correctRwost-hoc corrected significance was
accepted at P<0.05 and statistics for these cosgariare presented as mean difference

(MD) with 95% confidence intervals [lower, uppendaeffect size as Cohen’s d.

RESULTS

Demographics and Questionnaires

Twenty-nine individuals with RLBP and thirty agexdagender-matched pain-free individuals
(27.3£5.4 years; 16 males per group) participatelsho sessions with a 31.4+6.2 day interval
(1 patient dropped out). Sleep time, menstrual @laasi STAI-Trait scores were not different
between sessions or groups (Table 1; P>0.15). SSkétke scores were higher in the painful
session than the pain-free session among RLBPnp&(z=-2.226, P=0.026), and tended to
be higher in RLBP patients’ painful session thantaas during session one (z=-1.909,
P=0.056). PANAS-Positive scores were also highénénpainful session than the pain-free
session in RLBP patients (z=-2.915, P=0.004), btidifferent to controls in either session
(P>0.29). Participants with RLBP reported mild todarate VAS pain intensity and
unpleasantness scores on average since episodearotisepainful session, with the majority

completely recovered or reporting only discomfarthe second pain-free session.

----------- Insert Table 1 approximately here ——--
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Basal Pressure Pain Sensitivity

Three-way ANOVA of cPTT revealed a main effectef (F, 5~=46.9, P<0.001, partial
n%=0.451, Fig. 2), with cPTT being higher on the deanit (56.3+19.7kPa) than the non-
dominant leg (51.1+17.6kPa, MD=5.14[3.64,6.64], P8Q, d=0.28), but no significant
difference betweeBessions (P=0.052) oGroups (P=0.63).

Despite specific explanation and distinction of stomct differences, pain
unpleasantness ratings often needed promptingeTlagags also paralleled pain intensity
ratings of test stimuli throughout the session€Ational manipulations, R=0.80, P<0.001;
affective manipulations, R=0.83, P<0.001), hendg pain intensity ratings are presented
here, but analysis of pain unpleasantness candmeiiseéhe Supplementary Material
(available at http://links.lww.com/PAIN/B459). Tleravay ANOVA of test stimuli NRS pain
intensity ratings for the control stimuli appliedtlae very beginning and end of each session
revealed a main effect 8ession (F1 5=13.8, P<0.001, partia’=0.195, Fig. 2), with higher
ratings in Session 1 (54.1+£15.0) than Session Z#46.0, MD=7.46[3.44,11.48], P<0.001,
d=0.48), but no significant differences were evidaegtweerGroups (P>0.40) or ovefime

(P>0.17).

----------------- Insert Figure 2 approximately teef----------------

Attentional and Affective Effects on CPM-effect as the Change in Test Simuli Ratings Pre-to-
Post Manipulation

Three-way ANOVA of the change in pain intensity NRE8ngs for test stimuli pre-to-post
for the seven paradigms (1 control, 3 attentiomadl 3 affective) revealed a significant Main
Effect of Paradigm (Fs 347=5.85, P<0.001, partia|I2:0.093, Fig. 3) with n&ession or Group

effects (P>0.31).
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On post-hoc pairwise comparison, greater inhibiti@s observed in the CS&Attn
(MD=4.03[0.26, 7.79], P=0.026, d=0.49), CS-Only (M®75[0.22, 7.28], P=0.028, d=0.46),
and CS&Positive (MD=4.81[0.86, 8.76], P=0.006, d&€).paradigms than the Control
paradigm, and in the CS&Positive (MD=3.59[0.34,5%%,%=0.019, d=0.47) paradigm than

the CS&Negative paradigm.

Attentional and Affective Effects on Conditioning Stimulus Pain

Four-way ANOVA of normalized eVAS ratings through@ach paradigm revealed a
Paradigm* Time interaction (i 456=6.148, P<0.0001, partigf=0.097, Fig. 4), with no
Session or Group effects (P>0.86).

Post-hoc pairwise comparisons between paradignisnaitnepoints revealed that, at
all 3 timepoints, greater facilitation was obserirethe CS-Only than the CS&Attn (Rating
1: MD=0.29[0.04,0.53], P=0.011, d=0.41; Rating ZD%0.40[0.04,0.75], P=0.019, d=0.36;
Rating 3: MD=0.56[0.10,1.01], P=0.008, d=0.40), G®&itive (Rating 1:
MD=0.52[0.29,0.74], P<0.001, d=0.82; Rating 2: MD26]0.43,1.09], P<0.001, d=0.77;
Rating 3: MD=0.98[0.56,1.39], P<0.001, d=0.77), O\&&utral (Rating 1:
MD=0.40[0.19,0.61], P<0.001, d=.60; Rating 2: MDBH[0.25,0.85], P<0.001, d=0.53;
Rating 3: MD=0.77[0.43,1.10], P<0.001, d=0.60) &&&Negative (Rating 1:
MD=0.30[0.08,0.53], P=0.002, d=0.45; Rating 2: MD42]0.11,0.73], P=0.002, d=0.41;
Rating 3: MD=0.54[0.17,0.90], P=0.001, d=0.42) piagens. In addition, lower facilitation
was observed at all timepoints in the CS&Positiaeadigm than CS&Attn (Rating 1: MD=-

0.23[-0.42,-0.04], P=0.008, d=0.40; Rating 2: MD:26]-0.66,-0.06], P=0.008, d=0.37;
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Rating 3: MD=-0.42[-0.76,-0.08], P=0.008, d=0.34)&S&Negative (Rating 1: MD=-
0.21[-0.36,-0.07], P=0.001, d=0.40; Rating 2: MD34}-0.59,-0.08], P=0.003, d=0.38;
Rating 3: MD=-0.44[-0.75,-0.13], P=0.001, d=0.38)axigms.

While post-hoc comparisons between timepoints wig@radigms revealed facilitation
within the CS-Only (Rating 2>1: MD=0.30[0.13,0.48k0.001, d=.32; Rating 3>2:
MD=0.30[0.17,0.43], P<0.001, d=.24), CS&Attn (Rati>1: MD=0.19]0.02,0.36],
P=0.023, d=0.22; Rating 3>2: MD=0.14[0.003,0.2A40P44, d=0.11), CS&Neutral (Rating
2>1: MD=0.16[0.02,0.29], P=0.016, d=0.20; Ratind. 3¥D=0.24[0.04,0.43], P=0.012,
d=0.26) and CS&Negative (Rating 2>1: MD=0.19[0.054), P=0.004, d=0.24; Rating 3>2:
MD=0.18[0.08,0.28], P<0.001, d=0.18) paradigms,rmitin the CS&Positive paradigm (all

P>0.25).

----------------- Insert Figure 4 approximately leef-----------------

Effects of Pain on Attentional Performance and Affective Manipulation Efficacy
Complete analysis descriptions, along with stasstijraphic representations and tables of
this data are included in the supplementary matg@iailable at
http://links.lww.com/PAIN/B459). Accuracy and reiact time showed a significant flanker
effect (i.e. better performance during congrueahtimcongruent trials) across sessions and
paradigms. Accuracy was higher in the second sesisam first, suggesting a possible
learning effect, while reaction times were slowethe CS&Attn than the Attn-only
paradigm.

Several differences were noted in perceived atiratidirection between groups,
sessions and/or paradigms, most interestingly sigpvmore attention toward the screen in
the CS-Only condition among RLBP patients than st more attention directed to the
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task in the Attn-only than CS&Attn paradigm acrgssups supporting the interruptive effect
of tonic pain; more mind-wandering in the CS-Ondyadigm than those with an attention
task; less effort applied in the second sessiom tihe first, but more effort required when the
CS was added to the attention task. No differeme@s noted in task difficulty between
Attn-Only and CS&Attn paradigms, but RLBP patiemtdicated remembering feeling tonic
cuff pain while performing the attentional taskrif@ntrols.

Valence ratings and freely associated affectivede@enerally reflected the intended
affective state for each paradigm. As expectedjsaloratings were highest for negative
images, then positive images, with both being nasoeising than neutral images. Affective
manipulation was, however, somewhat less effeatieLBP patients, where they showed

less shift in positive and negative valence thaaithg participants.

DISCUSSION

This study aimed to investigate the effect of atteral and affective manipulation on central
pain processing mechanisms among RLBP patientsamihwithout pain compared to pain-
free matched controls. Contrary to the hypothési8P patients did not demonstrate
enhanced pain sensitivity with no differences ideat in pain tolerance thresholds nor pain
ratings of test or conditioning stimuli comparecttmtrols or between sessions. They further
did not differ significantly from controls in anypdigm, though may have driven the
overall difference in TS pain ratings noted betwsessions. Generally, inhibition of test
stimulus pain (CPM) was only present when the domnlng stimulus was presented alone,
in combination with the attention task or positaféect, but not with neutral or negative
affect, nor when the attentional task was usedowiticonditioning. Conditioning pain ratings

generally increased in all paradigms except pasaifect induction, with the highest
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facilitation seen when no other task was used. @ionthg pain impaired attentional
performance, though clinical pain did not, but RuBRients did show less susceptibility to

affective manipulation.

Basal pain sensitivity

No clear differences in cuff pain tolerance thrédbavere observed in RLBP patients,
consistent with other data from this cohort[33JoPwork has similarly demonstrated this in
RLBP populations[15], though reductions have bdeseosed with handheld and cuff
pressure algometry in more severely affected chrbBP patients[1,15,37]. It is unclear why
pain tolerance remains unaffected, when pain detettresholds are often reduced in LBP
patients[12]. However, these thresholds are comyn@plorted to represent different
constructs, with pain tolerance showing more caestselation to cognitive-evaluative
features like pain-related fear and expectatiorispersonality traits[23] and other general
health markers[2,52].

In relation to CPM, significant differences betweaxmtrols and patients with RLBP
were not observed. This is not consistent with GiPldings from the usual ramped cuff
paradigm published previously in this cohort[33jr with prior meta-analyses showing
generally reduced efficacy of CPM in LBP[12,34].Whyer, the effect size on meta-analysis
is small and depends on pain chronicity and seyaneaning high inter-individual
variability in perceived painfulness of test stimud generally low levels of pain and

dysfunction among the RLBP group could be respda$dr this.
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Attentional and affective effects on CPM

The addition of an attentional task to conditionpagn evoked significant inhibition.
However, unlike prior studies demonstrating thatrdiction can have an enhancing effect on
CPM[38], the magnitude of inhibition observed heéie not significantly exceed that
produced by the conditioning stimulus alone. Thotkgheffects of distraction on
experimental pain assessment in LBP populations baen mixed[21], in the present study,
the attentional task alone also did not alterg@stulus ratings in either group. As observed
previously, conditioning pain had interruptive etfeon attentional performance[40,41], and
when conditioning pain was present, the atten@sk tvas perceived to require more effort,
suggesting major cognitive resources were neededefitheless, it seems here that
attentional tasks performed during or instead oidittoning, even when cognitively
demanding [48,56] or where the task is novel[5&ymot necessarily be able to reduce pain
perception or have an additive effect on CPM.

Several prior studies have investigated effectalwratory-induced affective states on
pain perception[3,22,35,47,59], and often demotestralence specific modulation. The
present findings extend this work, showing simgasitive and negative effects of positive
and negative affect, respectively, on CPM respariagsrestingly, in the present work,
inhibition was not present during the negative rpalation, despite being present when the
conditioning stimulus was used alone, suggestimgtive affect actually impaired CPM.
Higher arousal was observed in the negative tharipe manipulation, which could
contribute to this impaired analgesic effect[1Apugh the neutral condition also showed no
significant inhibition despite having lower arousatings than both positive and negative
manipulations, making this explanation unlikely. émg chronic LBP populations, negative
affect has been associated with poorer resporeeaigesic medication and declining CPM

with ongoing treatment[13]. Negative affect mayrdiere both acutely disrupt pain
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inhibitory function and contribute to the developrhef hyperalgesia over time with ongoing

pain, though this requires further investigation.

Attentional and affective effects on facilitation of conditioning pain

An overall reduction in facilitation of conditiorgrpain ratings was observed with the
addition of the attention task or affective mangtidns. Facilitation of pain perception over
an ongoing noxious stimulus may be explained bydwip mechanisms in the spinal dorsal
horn[30], though it is not possible to differenéiapinal from supraspinal processing of pain.
As such, prior work has shown distraction to redo@®al pain perception, but not alter
summation of either pain perception or reflexes[Hlthe task and images were suitably
distracting, it thus seems most probable that redenic pain facilitation is a further
reflection of descending inhibitory pathway engagatvia cortical mechanisms[9].

Positive affect was particularly effective at attating facilitation of pain ratings, with
lower facilitation than all but the neutral paradigAs suggested previously, arousal may
contribute to this, as higher arousal in the negatanipulation may heighten threat
perception and interfere with inhibitory proces5&$[ As well, enhanced pain during
negative affective manipulation and reduced panndupositive affect manipulation would
fit with the defensive and appetitive streams abkliy the motivational priming
hypothesis[28]. In this sense, it is perhaps ssinpyithat positive manipulation still could not
reduce conditioning pain perception, but only attdr facilitatory effects.

One consideration is the potential interaction leetavconditioning pain perception and
CPM effects. Prior studies have shown the percaiviethsity of conditioning
stimulation[54], though not objective stimulus imsgy[11], to have a significant impact on
CPM magnitude. It is thus conceivable that diffeesnin facilitation of conditioning pain,

and thus differences between paradigms in percewgrditioning pain intensity during the
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reapplication of test stimuli, may have subseqyeantpacted CPM magnitude. So, by

controlling for this, positive affect and distramtimay have shown additive effects on CPM.

Effects of experimental and clinical pain on attention and affect

Experimental pain impaired reaction times during akientional task across groups and
sessions. This is consistent with prior experimdimtdings showing a general impairing
effect of pain on time-based attentional perforneameasures[41].

Patients in pain and healthy participants with expental pain have generally been
shown to perform worse on cognitive tasks than-rae individuals[41,43], especially when
the tasks are complex[25]. Previous work examimpegple with and without menstrual
pain[24] and headache[42], showed that clinicah paesence impaired task performance
without producing specific cognitive or attentiomi@ficits. Interestingly, the present work
did not find such a difference in performance, opasdicipants were accustomed to the task,
suggesting that RLBP presence had little impadask performance after acquisition. There
are suggestions that mechanisms underlying eftd@sute and chronic pain on attentional
performance may differ[43], with experimental paaving detrimental effects on different
types of attentional tasks to those impaired imolor pain patients. Most of this prior work
reports negative effects of clinical pain on dinddgtention or working memory tasks, hence
the lacking effects here may relate to task selacti

Affective manipulation was not always equally effee in the RLBP patients, with less
deviation from neutral shown in negative and pesiparadigms than controls
(supplementary material, available at http://lihks..com/PAIN/B459). This warrants
further investigation to understand if true impagmts in affective processing exist, as

observed in other pain populations[49].
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Limitations

The unpredictable nature of LBP episodes madec#ssary to recruit patients when in pain,
meaning randomisation of painful/pain-free sessiater was not feasible. This should,
however, be accounted for using matched contrats the same timeframe. RLBP patients
had slightly lower levels of education than corgnahich may limit interpretations of
attention task performance data. Due to the desiradltaneous assessment of pain and task
performance, it was necessary to use a simpleioaaane task. Affective manipulations
were based on previous work and were designed xanmse efficacy, while minimising
duration and carry-over effects. Despite thiss possible that paradigms were not optimal
and the decision to always conduct attentional #féective paradigms may have impacted
CPM magnitude. Affective and attentional manipulatare also typically thought to alter
pain unpleasantness and intensity preferentialli/fhos was not possible to see here
potentially due to poor concept distinction. Figathe IAPS, while attractive due to the
availability of normative ratings, includes manyathimages and has not been widely

culturally adapted.

Conclusion

Distraction and positive affective states allowed@PM effects while negative affect
impaired CPM across groups and sessions. Distraatid affective manipulation reduced
facilitation of pain perception during conditioningith positive affect completely

attenuating this facilitation. Experimental paimamstrated the well-established interruptive
effect on attentional performance, while clinicalrppresence did not, likely due to task
selection. RLBP patients did, however, show lessatien in valence due to affective
manipulation. Future work is encouraged to delie@aechanisms underlying these effects on

CPM and the differential effects of experimentad &finical pain on attentional performance,
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as well as to explore interactions between condlitigp pain intensity and CPM magnitude

and replicate impaired affective processing in Riffents.
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Figure Captions:

Figure 1. lllustration of experimental setup and procedéreBaseline cuff algometry to
assess cuff pain detection and tolerance thresi®idsttentional (attn) modulation series,
blue box paradigms were performed in random ottulag arrows indicate assessment of

mind-wandering scal€: Affective modulation series, yellow box paradigmwere
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performed in random order, yellow arrows indicagsessment of valence, arousal and
affective word associatiol: Example of Flanker task timeline with one congtuetiowed

by two incongruent trials separated by fixationsses (all trials were delivered at random, 48
trials total per paradigmle: Example of affective manipulation timeline withrele

contextually congruent images (International AffeetPicture System, though stock photos

shown here, 24 images total per paradigm).

Figure 2. Mean (+SEM) baseline cuff pain tolerance thresh@d®ach leg (non-
dominant/dominant) of each group (RLBP = red, Calntrblack) in each session
(Painful/Session 1 = solid, Pain-free/Session &iped, Left), and mean (+SEM) test
stimulus (TS) numerical rating scale (NRS) paiemsity for control set at the start (Prior)
and end of each session for each group. Signifidéfierence between legs or sessions

indicated (*, P<0.001)

Figure 3: Mean (+SEM) change in pain intensity numericalngscale (NRS) scores for test
stimuli during each attentional paradigm (Contr@&Attn/Attn-only/CS-only) in each
session (Painful/Session 1 or Pain-free/Sessidor Bach group (RLBP/Control), with grand
means indicated by dashed bars. CS = conditiotimyikis, Attn = Attention task.
Significant difference from Control paradigm (*, ®€3) and from CS&Positive paradigf (

P<0.02) are indicated.

Figure 4: Mean (+/- SEM) normalized eVAS ratings (8f, 8¢ and 4" timepoints) across
each paradigm divided by group (RLBP/Control) aesssgon (Painful/session 1 or Pain-

free/session 2, right), with grand means indicégdashed bars. CS = conditioning
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stimulus, Attn = Attentional task. Significant difence from %' (*, P<0.05) and 8 (¥,
P<0.005) timepoints and significant differencesneen paradigms at all timepoings (

P<0.008) are indicated.
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Table 1: Participant characteristics and questionnaire responses

Participants with RLBP

Pain-Free Participants

Painful Session Pain-free Session , .
(Session 1) (Session 2) Session 1 Session 2
Height (cm) 175.6+£11.2 170.9 9.9
Weight (kg) 75.2£16.3 68.1+12.3
Education (% S/UG/PG) 47/50/3 23/46/30
STAI-State 35 (10)* 31 (9.5) 29.5 (10.75) 29.5 (12.25)
STAI-Trait 36 (12) 37 (13) 35(11.5) 35.5(11.25)
PANAS-Positive 31 (7.5)* 28 (12) 31 (9.25) 30.5 (9)
PANAS-Negative 13 (6) 12 (4) 11.5 (5) 12 (4)
Mean Pain Intensity current
+ - N -
episode (VAS, cm) 4.42.1
Mean Paln_Uaneasantness 54422 ) ) )
current episode (VAS, cm)
McGill Descriptors Total 21.7411.0 2.7+8.0
Sensory 14.3+6.4 2.016.0 ) )
Affective 1.9+2.8 0.311.1
Evaluative 1.6£1.3 0.1+0.4
STarTBack Screening 2(2.25) 2 (2.25) - -

S/UG/PG = secondary/undergraduate/postgraduate qualification attained. STAI = State and
Trait Anxiety Inventory. PANAS = Positive and Negative Affective Schedule. VAS = Visual
Analogue Scale. Significant between-session difference in RLBP patients indicated (*,

P<0.03)
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