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Abstract

Low back pain (LBP) has been inconsistently assediaith enhanced pro-nociceptive and impaired anti
nociceptive mechanisms. It remains unknown whedhlterations are causal, consequential or coincadent
to pain presence. This study investigated pro-mptice and anti-nociceptive mechanisms in recurt&m
(RLBP) patients across painful and pain-free peyjedmpared to age/gender-matched asymptomatic
controls. During a painful episode (Day0) and wham-free (Day28) thirty RLBP patients were assgsse
and compared to thirty controls over the same tiameé&. Pressure pain thresholds (PPTs) were recorded
bilaterally on the arm, back, and leg. Cuff-algometas used to assess pressure-pain detection {jckiaT
tolerance (cPTT) thresholds on the lower legs, el ag temporal summation of pain (TSP: 10 repeated
painful cuff test-stimuli on the dominant leg sabn a visual analogue scale, VAS) and conditiqread
modulation (CPM: cuff pain detection/tolerance #ira@d on dominant leg, prior versus during paicfuf
conditioning on the contralateral leg). RLBP pat$etisplayed reduced PPTs at the arm and back g Da
compared to Day28 (P<0.047) and to controls on ORy®.049). cPDT was reduced and ratings of
suprathreshold test-stimuli were increased in RpBients on Day0 compared to Day28 (P<0.02). TSP-
magnitude (increase in VAS scores) was enhancBiLBP participants on DayO compared to Day28
(P=0.027) and to controls on Day0 (P=0.039). CPMpmitade (increased threshold during conditioning)
was lower overall in RLBP participants than cordr@=0.021). Enhanced pro-nociceptive mechanisms
were observed in RLBP patients. When pain-free,son@s returned to similar levels as controls, eiximep

CPM which remained impaired.

Keywords: conditioned pain modulation; temporal suation of pain; pain mechanisms; recurrent low back

pain; pressure pain thresholds; longitudinal caserol study

INTRODUCTION
In painful conditions, the assessment of pain meisin@s has received increasing attention as a wpxotze
the role of pain-related neuroplasticity [4]. AxBumany cross-sectional studies have examineerdiftes

between pain patients and pain-free individualaggaly showing patients to have pain mechanisntis avi
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more pro-nociceptive profile [4,28,32,45]. Howeverlow back pain (LBP) specifically, findings are
highly variable [28]. From such cross-sectionatigts, there are common reports of local and/or spcead
hyperalgesia [9,11,20,48] and other enhanced pecgzeptive mechanisms (e.g. temporal summation of
pain) [8,9,17,61], but conflicting results for anticiceptive mechanisms (e.g. conditioned pain riadidun)
[11,31,39,60].

One possibility is that observed alterations in-pogiceptive and anti-nociceptive measures are
consequential to the presence of ongoing pain &abitity, and thus fluctuate with the pain expeade,
potentially explaining conflicting results. In linghere are varying degrees of evidence to sughatst
provoking nociceptive activity and thus experimép&in can impair or facilitate these phenomenagto
Bement, et al. unpublished data) [5] and succdgdhglating clinical pain by removing effects ofrgheral
sensitization [21,25] can enhance or restore pepptive and anti-nociceptive measures. The atera
explanation is that differences in pain mechanipmsede the onset of a pain condition and thusidoeil
used to predict persistent pain development. Ctangisvith this, there is preliminary evidence tggest
that early changes in pain sensitivity may be dased with persistence of spinal pain [37,51], #rat pre-
operative [47,64] or pre-injury [7,38] pain senst testing can partly explain variability in pesperative
or post-injury pain severity. However, despite thesisting indications on the nature of the refalop
between pain sensitivity and pain development, @oamdling factors (i.e. pain presence during assa#sme
extrinsic provocation of pain, or lack of contraingparators) make it difficult to draw firm conclass on
the possibility of pre-existing sensitisation.

For LBP, pain sensitivity measures of most releeame those assessing deeper musculoskeletal
structures implicated in the clinical pain, witrepsure modalities suggested to have high discrimena
ability [42]. Handheld and cuff pressure algomeitrg reliable tools used to assess sensitivity perficial
and deep pressure, respectively [6,24,62]. Furthudf algometry has been shown to be a reliable-use
independent method of assessing nociceptive fatdit and inhibition from deep-tissues [10,23,24,2&
temporal summation of pain (TSP) and conditionad pedulation (CPM) paradigms, respectively.

To explore whether alterations in pain sensitivitgy be a consequence of pain presence, this study

intended to assess a group of participants witlslsutal recurrent low back pain (RLBP) during angal

2



episode and when pain-free again one-month latethér, to assess the magnitude of alterationim pa
sensitivity, participants were compared to agegartier matched pain-free individuals. It was hypsited
that participants with RLBP would show hyperalgesighanced TSP and reduced CPM during the painful
period compared to the pain-free participants, withintenance of these alterations during the paia-f

period expected.

METHODS
Participants
Participants with recurrent low back pain (RLBPY drealthy age- and gender-matched controls, flment
English, were recruited from the university settangl wider community, via social media and
advertisements in recreational facilities, fithesatres, clinics, and on local notice boards. Alttigipants
underwent a verbal information meeting prior tdusen, and those with current acute lower limmpai
chronic pain, neurological, musculoskeletal, caiebpiratory, or mental disorders were excluded.
Additionally, participants with RLBP underwent atbugh patient history to ensure that they met the
recommended criteria [55] with pain between thedpwostal margin and gluteal folds for more than 24
hours at the time of recruitment and with more tbae LBP episode in the preceding 12-months. Dulkeo
premise of the study, RLBP participants also needdwdhve current LBP during the first experimental
session and be expected to recover to pain-fréendtweeks, based on individual experience witbrpr
LBP episodes. Healthy pain-free participants mostave had a history of significant LBP (i.e. LBP
lasting more than 24 hours, not due to unaccustarertise), could not be experiencing pain of amgyir
during either experimental session, and had tomafRLBP participant in both age (+/-1 year) anddge.
Using G*Power 3.1.9.2 (Kiel University, Germanypaeri sample size calculations were performed
based on prior cuff algometry reliability data. Flee main analysis of variance with 2 groups atidn2-
points at an alpha level of 0.05 and 80% powerjramum of 22 participants per group would be reedir
to show significant within-between interactiongdderate effect size (f > 0.25). Due to the riskliafp-

outs and non-resolution of pain over the study tiamee, the aim was to recruit and include 30 pgdicts

per group.



Prior to participation, all participants were giweritten and verbal information, and all provided
written informed consent. The protocol was apprawgthe local ethical committee (Den Videnskabgetis
Komité for Region Nordjylland, N-20170034), was egjistered on ClinicalTrials.gov (NCT03463759)

and was conducted in accordance with the Declaratidielsinki.

Experimental Protocol

Two 2-hour sessions were conducted with each gaant, at the same time of day, with an approxindate
week interval (Fig. 1). If the LBP episode had restolved by 4-weeks, the second session was radelded
for 1-week later, to a maximum interval of 6-we@Bain-free participants’ inter-session intervalgeve
matched where possible). At the beginning of easlsisn demographic information was recorded, and
participants completed a series of questionnaingsain history, sleep, mood, menstruation, physical
activity and pain-related distress. ParticipanthWLBP completed additional questionnaires to
characterise their LBP intensity, quality and dttion, pain-related disability, and presence @finopathic
features. A short clinical examination was thendrarted, including a brief patient history for thagiéh
RLBP, and physical examination to ensure painfut4fi'ee spinal movement as appropriate to group
assignment. In each session; pressure-pain thoss{fiPTs) were then recorded three-times bilayeoakr
the extensor carpi radialis (ECR), upper trape@iliB), first (L1) and fifth (L5) segments of lumbarector
spinae, and gastrocnemius (GAS) muscles. Finally,atgometry was used over the lower legs to recor

cuff pressure-pain detection (PDT) and tolerancestiolds (PTTs), and assess both TSP and CPM.

Demographics, History and Questionnaires

Demographic information collected included age,dggnbody-mass index (BMI), and hand and leg
dominance. Participants then estimated their dlieegtion for the preceding night, and female pgoéiots
answered questions regarding menstrual regulandycarrent day of cycle. All participants then cdeted
the International Physical Activity QuestionnaileAQ), which estimates weekly energy expenditurgeda

on self-reported daily hours of activity [26]; tRain Catastrophizing Scale (PCS), which charaeteris
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distressing thoughts related to painful experiefs8§ and rated their current mood on the FacedeSd. -
20, 1 = most positive) [33].

In the first session participants with RLBP answlegaestions about their usual frequency and
duration of painful episodes and pain-free peritids,number of years since their first ever LBRsege,
and clinical features of the pain. LBP intensitg ampleasantness was then rated on Visual Analogue
Scales (VAS; 0 = no pain/unpleasantness, 10 = vpaisfmost unpleasantness sensation imaginable), fo
current pain (sitting) and maximum pain (since paset). Pain area was then drawn on an electbauly
chart (Navigate Pain, Aalborg University) for twibferent conditions: First when the participant gireed
sitting comfortably, then when imagining bendinginmg/lifting; and the size of pain areas (in piXelgere
extracted. Additional questionnaires were also deted including: The Roland-Morris Disability
Questionnaire (RMDQ), which scores daily functiorpacted by the back pain (maximum score = 24,
highest disability) [49]; and the Pain-DETECT Queshaire (PDQ), which characterises the presence of
neuropathic pain-like symptoms [15]. Participantsaevalso asked to keep a pain diary (morning and
evening VAS LBP intensity rating) for the 4-weekdlwe study period, and estimate total episodetteat

the second session.

Physical Examination

Lumbar flexion and extension range-of-motion (ROMYe measured as the change in distance between the
T12 and sacrum, from upright stance to end of rang@g a manually anchored tape-measure. The
presence of pain on movement and the most aggngvatbvement direction was recorded. A passive
straight leg raise (P-SLR) was performed on eaghddirst onset of stretch/pain, with dorsiflexiadded as

a provocative manoeuvre, and provocation of usaek Ipain recorded as a positive test.

Pressure-Pain Thresholds
Pressure-pain thresholds (PPTs) were assessedausibyer-tipped handheld pressure algometer (Semed
Sweden) with 1 cfcontact area. Pressure was increased at a raéekdfa/s until the participant indicated

that the pressure became painful by pressing arfyut which point the pressure was recorded. RRTs
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assessed bilaterally over the: ECR (3 cm dist#lédateral epicondyle along a line toward theahdi
condyle), UT (midway between the C7 spinous proeesisthe acromion), L1 and L5 (3.5 cm lateral ® th
L1 and L5 spinous processes, over the erector spmescle/fascial bulk), and GAS (midway between the
popliteal line and calcaneal tuberosity) musclessessments were randomized to start on the rigbftor
side first, three repetitions were performed ahesate and averaged across repetitions and sides&bysis,

with >2 minutes interval between reassessmente$dme site.

Cuff-Pressure Pain Sensitivity

Cuff-pressure pain sensitivity was assessed usaugrguter-controlled cuff algometry system (Noditec
Aalborg University, Denmark), paired with two 10-ewde tourniquet cuffs (VBM Medizintechnik GmbH,
Sulz am Neckar, Germany) and an electronic-VAS (8YAhe eVAS was anchored with “no pain” as 0-
cm and “worst pain imaginable” as 10-cm. The cufése placed over the widest portion of each lowgr |
approximately 5-cm below the tibial tuberosity. $@re was increased slowly at a rate of 1 kPads to
maximum of 100 kPa (device safety limit) on ead kEnd participants were instructed to begin movingg
eVAS dial upward when the pressure became paitafideep rating as the pressure-pain increased tthen
press the ‘stop’ button when they could no longé&rate further increases in pressure-pain. Cuff pa
detection threshold (cPDT) was defined as the presshen the eVAS passed 1-cm, cuff pain tolerance
threshold (cPTT) was defined as the pressure imategliprior to pressing the stop button, and thAgV
rating immediately prior to pressing the stop boitteas extracted (eVAS@cPTT). cPDT, cPTT and
eVAS@PTT were assessed on each leg prior to ottieagsessments and averaged across sides for

analysis.

Supra-threshold Cuff Simulation
Three single cuff-pressure stimuli set at cPTTrisiy recorded in the same session were performeten
dominant leg. Each time the cuff was inflated @ kBa/s to reach cPTT pressure, remained at thasyre

for 1-s, and then deflated as fast as possiblé, avitO-s break between stimuli. For each stimuhes,



participant was instructed to rate the intensitpah on the eVAS, then return the dial to zerdhdane.

The maximum eVAS score for each stimulus was etd¢chand averaged for analysis.

Temporal Summation of Pain

A series of ten 1-s cPTT stimuli were applied, witk in-between (0.5 Hz). Participants were insgti¢o
rate the pain intensity of the first stimulus quyc&n the eVAS, then adjust as necessary for sulesgq
stimuli, if the pain was increasing or decreasmighout returning to zero. eVAS ratings were exteacfor
each stimulus. Normalized epochs were created biyagting the first stimulus eVAS rating and then

averaging eVAS ratings of th&%4" stimuli (1), 5"-7" stimuli (1), and &-10" stimuli (111) for analysis.

Conditioned Pain Modulation

CPM was assessed using cuff algometry, with rangstelstimuli (as above to assess cPDT and cPTT)
applied to the dominant leg, and a conditioningstus of tonic cuff pressure applied to the non-oh@mnt
leg. Four test stimuli were applied with 30 s iagsbetween, with a fifth test stimulus applied appmately
5-minutes after conditioning. Simultaneously witle third stimulus, tonic cuff pressure at 70% cRag
assessed immediately prior) was applied and maedaintil the end of the third stimulus. Initiaipa
intensity of the tonic conditioning stimulus wasessed using a verbal Numerical Rating Scale (MRS,
no pain, 10 = worst pain imaginable). cPDT and cR@lles were extracted for each test stimulus. The
change in cPDT and cPTT from the first ramp tos@eond, (%' minus £ sequential unconditioned), third
(3 minus £, during conditioning), fourth minus £', immediately post conditioning) and fifth®{®ninus

1%, 5 min post conditioning) ramps were calculatedaioalysis (named CPM-effect).

Satistics

All data were analysed using SPSS (v24.0; IBM, Amkyd\Y). Data is reported as mean (x standard
deviation, SD) or median (#575" quartiles) in-text and tables, and as mean (stdretgor of the mean,
SEM) in figures. Normality was assessed within-goby the Shapiro-Wilks test and parametric or non-

parametric analysis was used as appropriate. Biffars in questionnaire responses, clinical featumds
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methodological factors were compared using indepeinsbmples t-tests or Mann-Whitney U-tests
(between-group: RLBP or control), paired t-test¥\bicoxon signed ranks tests (between-session: Day0
Day28), or two-way ANOVAs (Group: RLBP or contralnd Session: Day0 or Day28) as appropriate.

For pain sensitivity outcomes (PPT, cPDT, cPTT @AS@cPTT, eVAS scores to supra-threshold
pressure stimuli, TSP and CPM), a two-way mixed AMJwith additional repeated factors when multiple
sites, thresholds or stimuli were assessed witlsiasaion) was performed, with the between-subfacter
Group (RLBP or Control), and within-subjects fact@sssion (Day0 or Day28) andite (ECR, UT, L1, L5,
GAS; or dominant/non-dominan@imulus (TSP: three normalised eVAS-epochs, CPM: one untondd
and three conditioned stimuli normalized by sulitoacto the first stimulus) and/dinreshold (cPDT or
cPTT). For CPM, an additional analysis of non-ndirea data (i.e. five raw cPDTs and cPTTs) was
undertaken within-groups, with planned contrastdceted following these analyses between the first
threshold and each subsequent threshold, to cottfierpresence of inhibition (supplementary matgrial
available at http://links.lww.com/PAIN/A862). Intriass correlation coefficients (ICC(3, k)) wereaals
performed on repeated tests (PPT, cPDT, cPTT, eVéSSId, and eVAS scores to supra-threshold pressure
stimuli) within-session for each group, and repeéaésts (PPT, cPDT, cPTT, eVAS@cPTT, eVAS scores to
supra-threshold pressure stimuli, TSP and CPM) éetwmsessions for the control group, based on a two-
way mixed model with consistency definition, and ercluded in the supplementary material (available
http://links.lww.com/PAIN/A862) . Exploratory Pearss or Spearman’s correlational analysis was
undertaken to identify potential explanatory relaghips between demographic (age, gender, BMI),
guestionnaire (mood, sleep, IPAQ, PCS, RMDQ, P&i-BCT), or clinical (flexion, extension, pain
intensity, unpleasantness, area, RLBP duratiomeotiepisode duration) data, and psychophysicahtes
(PPT, cPDT, cPTT, eVAS on suprathreshold stimuPTand CPM of cPDT and cPTT) within each
session. Post-hoc pairwise comparisons or planoetlasts were conducted as indicated with Bonferron

correction. Significance was accepted at P<0.05.

RESULTS



Participant Characteristics

A total of 182 participants were screened to inel30 RLBP patients (27.3 5.4 years; 16 males)3nd
matched controls in the experiment, though 1 RLB#ept was excluded after the first session duédo
development of an unrelated medical condition (€dhland Supplementary Fig. 1, available at
http://links.lww.com/PAIN/A862). All RLBP patienteported pain in the lower back region during ihst f
session. By the second session after 28 days, @f@ity of patients were completely pain-free (22),

with the remainder either reporting only discomfart= 3, both pain intensity and unpleasantness
VAS<1/10) or no expectation of further recoveryhit2 weeks (n = 3). As the aim of the study was to
compare painful and pain-free states among RLBRmtatand to healthy controls, participants still
reporting pain in the second session were exclérdea further analysis (n = 26 included). None o th
control participants reported pain during eithesssan (n = 30 included). Mood scores were generally
positive and sleep durations were within recommgadsa [27], with no differences observed between
sessions or groups. Pain catastrophizing was higlRLBP patients on Day0O (when in pain) compared t
Day28 (k. 5/9.288, P<0.004qz:0.147; Post-hoc: P<0.001) but was not differemivben groups during
either session (P>0.26°<0.022). Participants generally had greater flexfn=11.377, P<0.002,
n%=0.174) and extension {E;=7.045, P<0.0113%=0.115) range in the second session, and RLBP
participants had less flexion range than contils£7.206, P<0.010;°=0.118). Leg dominance (used for

cuff measurements) was similar between groups (RPBRRight, 2 Left; Controls: 23 Right, 7 Left).

Recurrent Low Back Pain Features

Patients reported pain of mild intensity and motietenpleasantness on DayO (Table 2), primarilyén t
lower back and occasionally extending toward tloeabic region or lower limbs (Fig. 2). Pain aretaga(
pixels coloured) were notably larger when imagimmgving than when sitting comfortably at rest oryDa
(t2s=-5.09, P<0.001, d=0.48, Table 2, Fig. 2). Forriagority of patients, their pain was unlikely (rl#) or
uncertain (n = 9) to be neuropathic in origin, ba basis of PainDETECT scores. In this sample atepe
pain episodes of roughly 2 weeks had been preseatriumber of years, notably since adolescendg (<2

years) in over half the sample. Patients commaepprted their pain to be aggravated by prolongaticst
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positioning and lumbar flexion or extension, thegarted mild disability as a result, and near hatl

consulted a physiotherapist or chiropractor ingast for their pain.

Pressure Pain Sensitivity

Three-way ANOVA revealed a significa@roup* Session* Ste interaction (i.0,160.54.87, P<0.003,
n2=0.083, Fig. 3). On post-hoc testing, PPTs weradaio be higher on Day28 than Day0 at the ECR
(P=0.0475%=0.071), UT (P=0.00%?=0.128), L1 (P=0.003;°=0.149) and L5 (P<0.00%°=0.293) sites,
though not significantly at the GAS (P=0.054<0.068) site, in RLBP patients, but no differenaese
found between sessions for controls (all P>0y380.067). PPTs were also higher in Controls than RLB
patients at the ECR (P=0.02#=0.091), UT (P=0.04%°=0.070), L1 (P=0.014y°=0.106) and L5
(P=0.03351?=0.082) sites on Day0, but no between-group diffees were observed at Day28 (P>0.25,

n°<0.003).

Cuff Pain Sensitivity

Three-way ANOVA revealed @roup* Session* Threshold interaction (£ s~4.381, P<0.0417,°=0.075,
Table 3), revealing that cPDT was higher for theBREgroup on Day28 than Day0 (P=0.088;0.096). No
differences between-sessions were observed for @®BPTT for the control group (P>0.3$<0.017), nor
between-groups in either session (P>01380.015). Two-way ANOVA of eVAS@cPTT ratings revedle

no main effects or interactions of sessions or psq#>0.421°<0.013).

Suprathreshold Pressure Pain Ratings
Two-way ANOVA of suprathreshold cuff pressure stin@VAS ratings revealed @roup* Session

interaction (T s5~4.828, P<0.03%?=0.082, Table 3), with eVAS ratings being higheray0 than Day28

10



for RLBP patients (P=0.00%7=0.200), but no differences observed between-ses$iw controls (P>0.47,

n%<0.011) nor between-groups in either session (P>§%0.032).

Temporal Summation of Pain

Three-way ANOVA of normalised VAS-epochs revealedain effect ofepoch (F;.2,66.790.29, P<0.001,
n%=0.626, Fig. 4) and &roup* Session interaction (fk 5.=4.35, P=0.042,°=0.074). Post-hoc testing showed
that each epoch was higher than the previous (IK;|IR<0.001,7*>0.652), demonstrating facilitation was
observed during repeated stimulation. In additibis, facilitation was greater on DayO than Day28 fo
RLBP patients (P=0.027%?=0.087) and greater than Controls on Day0 (P=0.§29).077), but no
differences were seen between-sessions in Corffal%5411°<0.008) or between-groups on Day28

(P>0.671°<0.004).

Conditioned Pain Modulation

Four-way ANOVA of CPM-effects (change from RampoIRamps 2-5 in cPDT and cPTT, respectively)
revealed a main effect @roup (F15~5.62, P=0.0213°=0.094, Fig. 5), with Controls demonstrating higher
CPM-effects overall than RLBP patients (P:o.ofr,o.094). In addition, &imulus* Threshold interaction
(Fo.4133.514.17, P<0.0013%=0.208) showed that immediately post conditioniBtrfulus 4) there was
higher modulation of cPDT than cPTT (P=0.04%2;0.110), whereas at 5 min post conditioning (Stimsul
5) there was higher modulation of cPTT than cPDI0(P02,1°=0.241). Moreover, for cPDT, modulation
was higher during conditioningt3Ramp, P=0.039, d=0.59) and immediately post-caditg (4" Ramp,
P=0.002, d=0.83), and lower at 5 min po&t Bamp, P=0.011, d=0.60), than on the second rarepning
that there was generally immediate inhibition ob@Rdue to conditioning. Whereas for cPTT, CPM
magnitude was higher during conditioningd(laamp, P<0.001, d=1.46), immediately post-condiltigni4th

Ramp, P=0.002, d=0.75) and at 5 min poStR&mp, P=0.001, d=0.90) than on the second ranggesting
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significant and prolonged inhibition of cPTT ovér&o differences were seen between sessions (P>0.6

n°<0.006).

Conditioning pressure during CPM was higher on Bayg5.2+13.7 kPa) than Day0 (34.1+12.5 kPa;
F1574.96, P=0.0303°=0.084), but not significantly different betweemgps (P>0.4%°<0.010). The NRS
scores of conditioning pain were not different betw groups or sessions (4.3+1.6 cqs.£1.34, P>0.25,
1°<0.024).

All data were normally distributed for the contgsbup, but 4 outliers (>2SD from mean across
measures) were noted in the RLBP group for sontlkeo€PDT CPM effects. Removing them from the
analysis increased the magnitude of overall grafiprdnce in CPM effect, suggesting that they were

driving the effects observed, hence to be conser/atiese were retained in the analysis.

Exploratory Correlational Analyses

Consistent significant correlations were identifiEtween male gender and PPTs outside of the lumbar

region (R>0.348, P<0.01), cPDT (R>0.282, P<0.09)&TT (R>0.522, P<0.001) across both sessions.

Pain area, both at rest and when moving, was alated to cPTT (R>0.636, P<0.001) among patients on
DayO. All other correlations were insignificant amahe of the measured demographic, questionnaire or

clinical outcomes showed significant associatiomaoation in TSP or CPM.

DISCUSSION

This is the first study to assess nociceptive itatibn and inhibition in RLBP patients over paihéund non-
painful periods. As hypothesised, patients in gimonstrated reduced PPTs over both local and some
distant sites, increased perceived painfulnessmfasthreshold stimuli and enhanced TSP compared to

controls. Contrary to the hypothesis, however,dhaterations were not maintained when RLBP patient
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were pain-free, with PPTs, supra-threshold ratang$ TSP not different to controls on Day28. Overall

RLBP patients displayed weaker CPM-effects thartrotsracross both sessions.

Participant Characteristics and Clinical Features

In this study, a subclinical RLBP population wasgastigated. No participants were actively seekiagc
and all expected to recover within the study tiraefe. This contrasts the inclusion criteria of many
previous studies, where lower limits are oftenfeepain and disability scores [1,55], and patieares
expected to be sufficiently impacted by their paicontact a health practitioner. This subclingamnple
was of particular interest to gain insight inteeaditions and fluctuations in pain mechanistic messsprior
to individuals becoming “pain patients”, as obsdrebanges may be less influenced by comorbid
ramifications, and more useful in identifying earyervention targets. Despite their subclinicakss, the

history and symptom presentation of these partidgmirrored usual non-specific LBP complaints[13].

Hyperalgesia to Pressure
Participants with RLBP demonstrated hyperalgesth loxally at the lower back and at two distang¢sit
both compared to themselves when pain-free, andrntrols. Widespread hyperalgesia is purporteceta b
sign of facilitated central mechanisms[4] and hesnbdemonstrated previously in patients with aB@fe[
and chronic[46] LBP. However, the present findisgggest that this may be a state rather tharféatiire
consequential to or maintained by ongoing nociogpénd/or pain, at least in patients with recurtdsi®,
given it normalised by the second session. This lime with studies showing normalisation of wigesad
hyperalgesia after temporary[57] or permanent[2r2&joval of peripheral nociceptive input, and wath
previous study showing widespread hyperalgesibarptesence of experimental exercise-evoked LBP[38]
During the painful episode, participants with RLBIBo demonstrated lower cuff pain detection
thresholds than when pain-free. This provides &rrdupport to PPT findings, by showing similar ptes
hyperalgesia during pain compared to when pain-fséé a user-independent method to minimise bias
from lack of blinding. However, these thresholdd ot differ from controls during either sessionfiC

pain detection values in the present control grammear lower than those reported previously inglapgin-
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free samples using the same methodology[24] thoaglgesting the lack of group difference may betdue

lower than normal control thresholds.

Temporal Summation of Pain

Temporal summation of pain was observed in eachpgand session across repeated stimuli, however the
magnitude of this temporal increase in VAS scoras higher in participants with RLBP during their
painful episode, than both themselves when pamdrel controls. In addition, it was clear thatRi43P
group generally rated supra-threshold stimuli tartmee painful in the first session than the second.
Facilitated temporal summation is commonly obsemgghtients with current acute [56,61] and chronic
[8,17,59] LBP, though previously effects in paiedrperiods have not been well explored. A singt# pi
study[37] following acute LBP patients over 4 manthd, however, show tendencies somewhat in litle wi
the present work, whereby those who developedstergiback pain showed trends toward higher
facilitation (wind-up ratio) at follow-up than thesvho had recovered. As well, it is well-known that
experimentally provoked muscle pain can facilitB8 locally over the affected muscle, comparedaio-p
free states[43,44].

Taken together, these findings are consistent thigroriginal concept of wind-up [63], suggesting
that, during a painful episode, ongoing periphaaaiceptive input drives enhanced spinal excitghithus
shifting the balance between inhibition and faatldn toward being more pro-nociceptive. Howevénego
factors may also contribute, such as heightenathwmige toward painful sensations (supported byhigber
PCS scores), such that all stimuli are generaliggeed to be more salient and threatening whetinical
pain. This would fit with previous work in acute PBshowing changes in pain-related fear and avoa&lan
generally corresponding to exacerbation or redanatigpain[53]. Nonetheless, TSP is a relative megsu

meaning heightened vigilance should have lessenfie here than on absolute or threshold measures.

Conditioned Pain Modulation
Larger overall CPM-effects were observed in costtbin RLBP patients. Such findings of only weak

overall effects are unsurprising in the contexthef present literature, where reports of CPM etfyca
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LBP patients are highly variable[50]. Neverthelglg,small magnitude of difference here may betdube
relatively localised, low-intensity, low-disabilifyain that patients were experiencing. No relahietween
CPM and pain at the time of testing was observee. idbowever, prior studies have shown patients with
more frequent, severe[22], and widespread[18] LdBRave greater CPM impairment. It is also important
note that this impairment in CPM-effect seemeddisist even in the absence of a painful episods. Th
could suggest that this mechanism may be impairdidese individuals even prior to the onset of pain
Alternatively, it could indicate a progressive dadaition in CPM with continued or repeated painful
experiences, which would be consistent with coti@ha between pain duration and CPM impairment
demonstrated in other painful conditions[3].

In the additional analysis (supplementary mateasilable at http:/links.lww.com/PAIN/A862), for
controls, there was a clear effect of conditioramgtest stimuli, with both cuff pain detection aonterance
thresholds increased during and following conditignOn the contrary, RLBP participants demonsttate
significant inhibition only for pain tolerance daog conditioning, but not at any point for pain axien
thresholds. This is in line with previous work icuée LBP[39] and migraine sufferers[40], where CPM-
effects have been present, but for shorter petlwals controls. As well, the contrast between irtbilyi
effects on tolerance, but not detection threshimldLBP patients is interesting. Pain detection rnaynore
reflective of sensory factors and nociception, whsrpain tolerance has long been acknowledged to be
more influenced by cognitive factors[16], and timey be more amenable to inhibition via other sypred

mechanisms.

Implications of Findings

Prior work has indicated that RLBP patients maywshtierations in postural control[34] and muscle
structure[12], even in periods of recovery. Howetee present findings indicate, somewhat on the
contrary, that once the pain episode subsides mesasfipro-nociceptive pressure-pain sensitivityneto
levels comparable with pain-free individuals. Timay be due to the mild RLBP condition in the présen
sample, such that over longer durations with hidglegyuencies or intensities of pain episodes, @agnts

may progress toward a more permanent state oftsatisin. Alternatively, the present work couldsei
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doubt over the significance of alterations in pomiceptive mechanisms observed in cross-sectiongd,w
as these differences may be consequential to #se=pce of ongoing nociception and pain. In linesé¢h
findings could provide some explanation for vagatamong prior studies, given that the presengeair
flares’ is not always considered in chronic LBPds#s, despite recognition as a fluctuating
condition[35,55].

Notably, CPM was one variable in which a normaisabetween sessions was not demonstrable, and
only overall differences from controls were obserulthough interpretation of this impairment isilted
by the weak effects observed and high measurebitityathis suggests impaired CPM may be an imgiotrt
contributor to LBP recurrence. Further, as CPMnewn to be impaired by poor sleep[54], aberrant
physical activity[14,41], and increased psychodmti@ss[19]; factors also associated to LBP renae or
persistence[30,52], it is conceivable that a cdlagten of symptoms on an already impaired painbitbry
system may be enough to ignite a pain episode wfithlovious provocation. Causal relationships are,

however, impossible to determine from the preseskwand thus this requires further investigation.

Limitations

This study has several limitations requiring coasadion. Firstly, the order of sessions could ret b
randomized due to the unpredictable nature of reatitt BP combined with the decreasing reliability o
psychophysical measures over longer intervalsf3®@jever, a control group was used to mitigate the
influence of time and order on observed effectso8dly, the study was sufficiently powered to detec
moderate effect sizes, though may have been legsrpd to detect small differenc@he sample, albeit
purposely recruited this way, were young and watletioning despite pain, limiting generalisability
older and more severe populations. Finally, thesss was not blinded to group, however, standaadis
instructions were given for all tests, care wagtato ensure consistent methodology, and seveial ma

outcomes were measured with user-independent egaipm

Conclusion
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This study reports, for the first time, local anstant hyperalgesia to handheld and cuff-inducedsgure, as
well as facilitated pro-nociceptive mechanismgpanticipants with mild RLBP currently experienciag

painful episode, both compared to themselves whénfpee and compared to age and gender-matched
controls. CPM, as an anti-nociceptive mechanisns, gemerally lower in RLBP patients across sessions.
Taken together, these findings indicate that enddupco-nociceptive measures in RLBP patients may be
primarily consequential to the presence of pairenglas impaired CPM may persist even in the absance

pain.
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Table & Figure Headings

Figure 1: lllustration of study design showing procedure order, testing locations and parameters for
psychophysical assessments. IPAQ = International Physical Activity Questionnaire, PCS= Pain
Catastrophizing Scale, VAS = Visual Analogue Scale, RMDQ = Roland-Morris Disability Questionnaire,
S R = Straight Leg Raise, PPT = pressure pain threshold, ECR = extensor carpi radialis, UT = upper
trapezius, L1/5 = 1% and 5" lumbar segments over lumbar erector spinae, GAS = gastrocnemius, STR =
supra-threshold rating, TSP = temporal summation of pain, CPM = conditioned pain modulation, PDT =

pain detection threshold, and PTT = pain tolerance threshold.

Figure 2: Pain distributions for male and female participants with low back pain when sitting (Rest) and
when performing most provocative movement (Move) on Day0 and Day28 (includes those reporting

discomfort VAS<1/10). The number of participantsindicating pain areas are included (n).

Figure 3: Mean (+ SEM) pressure pain thresnolds for participants with RLBP (black) and control
participants (grey), during each session (DayO, full colour, and Day28, striped), over the extensor carpi
radialis (ECR), upper trapezius (UT), first (L1) and fifth (L5) segments of lumbar erector spinae, and
gastrocnemius (GAS) muscles. Sgnificant between-session differences within the RLBP group (*, P<0.047)

and between-group differences within the first session (#, P<0.049) indicated.

Figure 4: Mean (+ SEM) eVAS pain intensity ratings in normalised-epochs of stimulations 2-4 (1), 5-7 (I1),
and 8-10 (l11), for assessment of temporal pain summation in participants with RLBP (black) and control
participants (grey), in each session (DayO, full colour, and Day28, striped). Sgnificant between-session
difference within the RLBP group (*, P=0.027) and between-group difference within the first session (#,

P=0.039) indicated.
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Figure5: Mean (+ SEM) change in cuff pain detection (cPDT) and tolerance (cPTT) thresholds from 1% test
stimulus to the 2™ unconditioned test stimulus (UC) and for conditioned test stimuli (3" during, 4™
immediately post, and 5" 5 min post ramps) in the CPM paradigm for participants with RLBP (black) and
control participants (grey). Sgnificant overall between-group difference (#, P=0.021) indicated, stimulus-

threshold interaction effects not shown.
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Table 1: Participant characteristics

Participants with RLBP Pain-Free Participants Excluded
P-value
(n=26) (n=30) (n=3)
Painful Session | Pain-free Session Session 1 Session 2
(DayO0) (Day28) (Day0) (Day28)
Age (years) 26.4 5.0 27.35.5 >0.48 347 £2.5
Gender (Male : Female) 14:13 16:14 - 2:1
Body Mass Index (kg/mz)# 24.0 +4.8 23.2+2.8 >0.87 27.8 5.6
Time between sessions (days)# 31.9+8.0 30.5+4.1 >0.55 34.7 7.6
Mood Now (/20)" 4(3.75) 3.5 (3.75) 3 (2.75) 4(4) All >0.15 -
Mood Past Week (/20)" 3.5 (4.75) 3.5 (4.75) 4(4) 3(5) All >0.30 -
Sleep (Hours)* 7.5%1.2 7.3%1.6 7.30.9 6.9 0.8 All >0.07 -
Activity (MET-mins/week)* 5996.1 +5493.6 4097.6 £5095.3 4147.6 £3620.0 3901.5 +3428.6 All >0.14 -
Daily sitting (mins) 360.2 +207.3 405.4 £224.5 459.0 £182.6 451.7 £159.9 All >0.24 -
<0.001
PCS (/52) 15.5 +9.0* 11.8 +8.0 12.2 £8.6 13.519.6 -
RLBP Only

SLR — Passive (% Positive, R/L) 31% / 27% 0% / 0% 0% / 0% 0% / 0% - -
Flexion (cm) 12.3 +0.7*" 14.2 +0.6" 14.7 +0.6* 15.8 £0.5 P<0.010 =
Extension (cm) 6.7 £0.4* 7.5 0.5 7.2 £0.4* 7.810.4 P<0.011 -

Percentage of participants, mean = SD or median (IQR) values are indicated. Note: PCS = Pain Catastrophizing Scale,
SLR = straight leg raise, R/L = right / left, *denotes non-parametric analysis. Significant between-session difference (¥,

P<0.006) and significant between-group difference (%, P<0.010).




Table 2: Clinical characteristics of patients with recurrent low back pain

Painful Session Pain-free Session
(n=26) (n=26)
VAS Pain Intensity (cm)
Current (during session) 2.7+1.5 0.1+0.2
Maximum (across present/most recent episode) 5.8+2.2 5.3+23
VAS Pain Unpleasantness (cm)
Current (during session) 4.0+1.8 0.1+0.2
Maximum (across present/most recent episode) 6.6 £2.0 5.4+23
Pain Area (pixels)
Posterior view at rest 6034.2 £5613.3 -
Posterior view when moving 10650.8 £7986.4* -
Pain Duration Characteristics -
Age at initial LBP onset (years) 19.7 £5.4 -
Frequency of episodes (%, <5/5-10/>10/year) 42 /27/31 -
Approx. pain episode length (days) Usual: 13.8 £19.8 Current: 12.3 £15.9
Approx. pain-free period duration (days) Usual: 79.7 £78.5 -
Aggravating / Easing Factors (most common)
Aggravated by prolonged sitting (%(N)) 73 (19) -
Aggravated by prolonged standing (%(N)) 50 (13) -
Flexion most provocative mvmt (%(N)) 23 (6) -
Extension most provocative mvmt (%(N)) 58 (15) -
Eased by rest (%(N)) 100 (26) -
Eased by exercise (%(N)) 46 (12) -
Past Care-seeking / Trialled Treatments for Lower Back
General Practitioner (%(N)) 23 (6) -
Imaging (%(N)) 19 (5) -
Surgery (%(N)) 0(0) -
Physiotherapy / Chiropractor (%(N)) 46 (12) -
Massage (%(N)) 12 (3) -
Medication (%(N)) 23 (6) -
Roland-Morris Disability Questionnaire (/24) 3.5(3.5) 0 (0-0)
Pain-DETECT (/31) 10.5 (9) 0(0-0)
Uncertain neuropathic component (>12) 9 -
Likely neuropathic component (219) 2 -




Table 3: Mean (+5D) cuff pain detection and tolerance thresholds, and tolerance and suprathreshold ratings

Participants with RLBP Pain-Free Participants
Painful Session | Pain-free Session Session 1 Session 2
(DayO0) (Day28) (DayO0) (Day28)
cPDT (kPa) 21.3%10.5 25.5%12.1* 22.0+8.8 22.7%12.3
cPTT (kPa) 47.0£19.5 47.5+19.9 48.4+14.7 50.1+17.0
eVAS@cPTT (cm) 8.2+2.0 7.9+2.5 8.7+1.8 8.7t1.6
Supra-threshold Ratings (eVAS, cm) 5.5+1.5 4.1+1.7* 4.812.1 4.61+2.2

cPDT = cuff pain detection threshold, cPTT = cuff pain tolerance threshold, eVAS@cPTT = eVAS rating at cPTT, eVAS =
electronic Visual Analogue Scale, RLBP = recurrent low back pain. Significant difference between-sessions within RLBP

group (*, P<0.02) indicated.



Screening:
Appropriate for inclusion

¥

Day-0:

Information, consent, demographics
Questionnaires: Pain history, sleep, menstruation,
mood, IPAQ, PCS

Pain/Disability Questionnaires (patients only):
VAS, body chart, RMDQ, Pain-DETECT

Physical Exam: Symptoms, movement, SLR

PPT: (A) 3 x 30kPa/s at ECR, UT, L1, L5, GAS

Cuff PDT/PTT: (B) 1kPa/s to max. 100kPa

Cuff STR/TSP: (C) 3 x 1:10, (D) 10 x 1:1 (@PTT)
Cuff CPM: (E) 5 ramps, 3" conditioned (@70% PTT)

Day-28:

Collect pain diary, reconfirm consent
Questionnaires: Pain history, sleep, menstruation,
mood, IPAQ, PCS

Pain/Disability Questionnaires (patients only): VAS,
body chart, RMDQ, Pain-DETECT

Physical Exam: Symptoms, movement, SLR

PPT: (A) 3 x 30kPa/s at ECR, UT, L1, L5, GAS

Cuff PDT/PTT: (B) 1kPa/s to max. 100kPa

Cuff STR/TSP: (C) 3 x 1:10, (D) 10 x 1:1 (@PTT)

Cuff CPM: (E) 5 ramps, 3™ conditioned (@70% PTT)

e o AL AL Al A
oA A A A

v

v

v

rd /

AN AN, ./

4

7 '

Copyright © 2019 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.




Female \ "\ P . Female

L\\

n=11 n=14 n=12 n=12 n=2 n=2% n=2 n=2

Copyright © 2019 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.



B RLBP Day0
RLBP Day28

@ Controls Day0
@ Controls Day28

700

(edy) pjoysa4yl uied ainssaud

GAS

L5

L1

uT

ECR



[

*+

—

* NN\

[ ‘

8\

@ Control Day0
@ Control Day28

W RLBP Day0
RLBP Day28

Epoch Number

20

1 S "
i — o

0.0

(w2) yooda-SyAD pazijewon



—_
—
—
v|_HC
)
—
—_
-
—s
—
— <
— o
—[al e

Control

RLBP

Control

RLBP

cPTT

cPDT

(edy) T-dwey woJj pjoysayl ul adueyd



