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ABSTRACT

Patellofemoral pain (PFP) is a common recurringekeendition in young females, characterized by
pressure hyperalgesia and reduced pain inhibitomnyrol. This study investigated anti-nociceptive
and pro-nociceptive pain profiles in young femaléth long-standing (>5 years) PFP (current-
PFP), to those who recovered from adolescent RFe@\ered-PFP), and pain-free controls. This
pre-registered, assessor blinded, cross-sectitudy,ancluded 87 females younger than 25 years:
36 current-PFP, 22 recovered-PFP, and 29 painebeols. The primary outcome was
conditioning pain modulation (CPM) assessed byirtbheease of cuff pain tolerance thresholds
assessed during painful cuff conditioning on thetateral leg. Secondary outcomes included
pressure pain thresholds at the knee, shin andrforeand temporal summation of pain (TSP),
assessed by pain intensity recordings on a visusbgue scale (VAS) during repeated cuff
pressure pain stimulations on the leg. Comparéde@ecovered-PFP, the current-PFP had
impaired CPM (mean-difference: 11.6%; P=0.004) @adiced pressure pain thresholds at the
knee, shin and forearm (mean-difference: 85-225 RRA.05). There were no differences between
current-PFP and controls in CPM. Current-PFP andvwered-PFP demonstrated facilitated TSP,
compared to controls, (mean-difference: 0.7-0.8 \oh8nge; P<0.05). Compared with controls the
recovered-PFP had reduced pressure pain threshidlials knee, which were higher than the
current-PFP (mean-difference: 110-225 kPa; P<0l@Xonclusion, both current-PFP and
recovered-PFP displayed altered pain mechanismpa@u to controls with no history of knee-
pain, despite resolution of symptoms in the recurRFP group. The implications of these findings

in the recurrent nature of PFP requires furthedistl
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INTRODUCTION

Knee pain is common in youth, with patellofemorainp(PFP) being the most common knee pain
complaint, affecting one in fourteen adolescent &iprevalence twice as high in females [7;29]
[6;24]. PFP is associated with decreased qualitifegfand reduced physical activity due to
pain[29]. PFP is a persistent and recurrent canditivith up to 50% of adolescents reporting pain
one [27], and two years [29] after being offeredlexce-based treatment. The reasons underlying
pain recurrence are unknown. In other recurrentcooskeletal pain conditions such a low back
pain[11], and adolescents with musculoskeletal fE2B6] a previous history of pain is associated
with an increased risk of new pain episodes. Ptsviesearch has not been able to explain this, but
one hypothesis is involvement of neuroplasticitgehtral pain mechanisms during pain-free
periods.

Individuals with PFP have been characterized byelgwessure pain thresholds around the
knee, at the tibialis anterior muscle and the eldodicating widespread hyperalgesia
[28;32;33;38]. Widespread hyperalgesia is commoauther painful knee disorders such as severe
knee osteoarthritis [4;5], and indicates the sprepdf sensitisation beyond the local painful area
[3], and facilitation of central pain mechanismsyrnhba implicated. Temporal summation of pain
(TSP) and conditioning pain modulation (CPM) are psychophysical tests, often used to evaluate
pro-nociceptive and anti-nociceptive central medran respectively. Facilitated TSP, evaluated as
the change in pain response to subsequent stifthiesame intensity, is believed to represent
central pain facilitation when integrating the indag nociception [2]. CPM is thought to reflect
descending inhibition at the brainstem level [2Zlfhough it may be considered the net effect of
pain inhibitory and facilitory mechanisms in thesdending pain control system. It is evaluated by
changes in perception of test stimuli from befeoejuring application of a painful conditioning
stimuli [40;41]. Despite these mechanisms are edt@n both chronic and recurrent musculoskeletal
pain conditions, including knee osteoarthritis &l back pain [3;5;18], only one explorative

study in female adolescents with PFP demonstratedired CPM response relative to controls



[28], and the question remains how these mecharbgingve during recovery. It is unclear if the
central pain mechanisms return to the level ofthgadontrols when pain-free, or whether some
degree of sensitisation may be present even wheweesd.

The aim of this study was to compare CPM, TSP, elkag localised and widespread pain
sensitivity in young females: 1) with current lotegeding PFP (current-PFP), 2) self-reported as
‘recovered’ but with a history of adolescent PREt@vered-PFP), and 3) without pain. It was
hypothesised that in comparison to current-PFM betovered-PFP, and pain-free controls, would
demonstrate more efficient CPM, higher pressure ffaesholds, and less faciliated TSP. It was
further hypothesized that recovered-PFP would lapaired CPM and decreased pressure pain

thresholds and facilitated TSP compared to paie-tentrols.

METHODS

Participants

This study was pre-registered (ClinicalTrials.ghNzT03051412), and designed as an assessor
blinded, matched cross-sectional study of threegsol) Young female adults with a history of
long-standing PFP (>5 years), 2) age-matched fenvélé a history of adolescent PFP who
currently self-report as recovered, and 3) age-hemtdemale controls with no history of pairhe
primary outcome in this study was CPM; based ordletg a mean difference in CPM response of
36% between PFP and controls, with common stardkardtion of 50% (corresponding to an
effect size of 0.72) [28] and power of 85%, the pknsize equation was used to estimate inclusion
of 36 young female adults in each group.

All participants were recruited from the AdolescBiain in Aalborg 2011 cohort
(APA2011)[31], a population based cohort which unigdd adolescents from schools in Aalborg.
The APA 2011 cohort consists of 504 adolescents knikee-pain, of whom 151 was diagnosed
with PFP by a rheumatologist at inclusion, and iatr@d group of 250 adolescents from the same

schools’ population with no musculoskeletal paimatusion. The 5-year follow-up of this



prospective cohort, was conducted in September 20CG02873143). In September 2016,
participants were contacted and requested todtllam online questionnaire regarding current pain.
From this questionnaire, a list of potentially éig participants for the current investigation was
generated as follows; current-PFP were randomlyacted from those diagnosed with PFP at
baseline, and reporting knee-pain in both the pieviveek and month in September 2016;
participants potentially eligible as recovered-R¥e selected from those diagnosed with PFP at
baseline, reporting ‘No’ to knee-pain in both thhepous week and month. The control group were
selected from those who had no knee-pain at bas@ill), or at follow-up. To eliminate
selection bias, participants from each of thesegsavere randomly selected to be invited to
participate, by assigning them an ID number, angisetially selecting ID’s to invite using a
random number generator (Excel).

In 2016 the inclusion criteria applied at the tiaigesting for the current PFP-group were:
current anterior knee or retro-patellar pain siadelescence of insidious onset; pain provoked by
at least two of the following knee loading acte#i squatting, running, hopping, or stair
walking[10]; female, and age between 18 and 30sydatclusion criteria was: Traumatic injury to
the hip, knee, ankle or the lumbar spine withinghet 3 month, other diagnosable pathologies that
can cause pain around the kneecap (patellar tepatimg, Osgood-Schlatter, iliotibial band
syndrome, Sinding-Larsen-Johansson syndrome, eeyargpers knee, if they occur in isolation
(without patellofemoral pain). The inclusion crigefor the recovered PFP- group were: Previous
history of patellofemoral pain; self reporting as/img no current knee-pain; female and age
between 18 and 30 years. Exclusion criteria: Ampgtgf current knee-pain. The inclusion criteria
for the control group were: Free from current avious chronic musculoskeletal pain complaints;

female, between 18 and 30 years of age.



S f-reported measures

In addition to height, weight and age, the follogvitlinical self-reported measures were collected
from participants during the physical assessmeetigibility: 1) Knee Injury and Osteoarthritis
Outcome Score (KOOS) with scores ranging from Or¢tyao 100 (best) and covers the five
domains: Pain, symptoms, function in daily livifignction in sport and recreation, and knee-
related quality of life [34]; 2) Numerical Rating&e (NRS) scores of worst pain intensity during
the last week and average pain last week; 3) Pajuéncy of knee-pain; 4) Symptom duration
(from recall); 5) If they no longer suffered fromde-pain, the symptom-free duration (from recall);
6) The pain localisation collected by the Navigagn (Aglance Solution, Aalborg, Denmark)
application [8], as well as unilateral or bilatepalin (if bilateral pain was indicated, participant

were asked to indicate the most painful knee),@md in other locations.

Protocol

Participants were assessed using a quantitatiwsetesting battery. Participants were
familiarised with procedures on the day of testingh standardised instructions given to all
participants by a native Danish speaker. Instrastiand procedures were pilot tested for
comprehensibility with ten healthy individuals prio recruitment of the first participant. If the
tester for some reason believed the instructionre wet understood, they were explained again
until the tester was confidant in the participamslerstanding. The testing session took
approximately 30 minutes per participant. The assggerforming assessments was blinded to
group allocation (current-PFP, recovered-PFP, atrod.

The protocol included assessment of CPM (primatgae), as well as temporal summation of
pain and pressure pain thresholds as secondargroasc(outlined in detail below). These methods
have demonstrated reliability [16;17] and colleated outcomes followed the same approach as
previously [28]. For the current-PFP group, thewath knee-pain, or the 'most painful knee' was

selected as the test leg for those who had bilgpera. To ensure blinding, two assessors were



present for all participants: One who was unblinttegroup status greeted participants, and
collected the self-report data, which was usedssiga the test leg, prior to participants being
introduced to a second assessor who conductedighmetry measures. The same method was used
for the recovered-PFP group who reported a histbhylateral pain. Control participants were
randomly assigned a leg to act as the test legstibeess of the blinding was calculated by asking
the experimenter to guess which group the partitgpbelonged to (current-PEP, recovered-PFP, or
controls). If group status was adequately concealebuld be likely that a correct guess would be
made 33% of the time. All participants were testethe same sequence (Figure 1), first with
pressure pain threshold assessments by pressoreedty at the knee, shin and elbow, and
subsequently assessment of leg pain sensitivitutiopressure detection and tolerance thresholds,

temporal summation of pain, and CPM by cuff algamet

Sngle-point pressure pain sensitivity

Pressure pain thresholds were assessed using dnehalgometer (Somedic, Horby, Sweden)
with a 1-cnf probe (covered by a disposable latex sheath)pfémsure algometer was place
perpendicular to the skin and pressure was manunaligased at a rate of 30 kPa/s. Participants
were instructed to indicate when the sensatiohdhlanged from a sensation of pressure, to a
sensation of pressure pain. The participant wesdfivith a hand—held switch and instructed to
press the switch as soon as the pressure triggersThis was done on the following sites: 1) On
the knee at the centre of the patella on the &g5{d2]; 2) on the tibialis anterior muscle 5 cratdi
to the tibial tuberosity on the test-leg; and 3}t contralateral elbow, on the lateral epicondyle

the humerus.

Cuff pressure pain sensitivity
A computer-controlled cuff pressure algometer [Z§Nocitech, Aalborg, Denmark) with an air-

filled tourniquet cuff (VBM, Germany) was used &sass the cuff pressure detection threshold and



pressure tolerance threshold. The cuff was applietbelow the heads of the gastrocnemius
muscle and the pressure was increased automatatalyate of 1 kPa/s to a maximum of 100 kPa.
Subjects were instructed to rate the first onsgtafi, and continuously thereafter, using an
electronic 10 cm visual analogue scale (VAS; “0 eepresenting “no pain” and “10 cm”
representing “maximal pain”), and to push a hanid-eeitch when they could not tolerate the
pressure (defined as pressure tolerance threshioldlerance was not reached before 100 kPa, the
pressure tolerance threshold was defined as 10@okRae further analysis. The cuff pain detection
threshold was defined as the cuff pressure wheN#&f&was 1 cm [17]. This procedure was
repeated bilaterally. Cuff algometry is consideredhble with interclass coefficients (ICCs) of 9.7

to 0.87[17].

Temporal summation of pain

The computer controlled cuff algometer (NociTecknbark) was used to assess TSP. Ten short-
lasting stimuli (1 s each) at the level of the qu#ssure tolerance threshold were given witha 1 s
break in between stimuli. Participants were indeddo continuously rate the pain intensity of
these sequential 10 stimuli using the electronicSyand not to return to zero in the breaks. For
each cuff stimulus a VAS score was extracted aadeh VAS scores were normalised by
subtracting the VAS score of the first stimulusr Boalysis of TSP, the average VAS score was
calculated in the interval from the first to theufth VAS score (VAS-I) and for the final three VAS
scores (VAS-II). The TSP-effect was defined asdiffierence between VAS-I and VAS-II (i.e.
VAS-II minus VAS-I), which has been use in simitaudies previously [26]. This method has

demonstrated reliability (VAS I-1l ICCs 0.7-0.77Y]B

Conditioning pain modulation
Conditioning pain modulation was assessed by thegés in cuff pressure pain sensitivity at the

leg, from baseline (outlined above) to during thespnce of a painful conditioning stimulus applied



to the contralateral leg, by cuff algometry, whiws proven reliable [16]. The conditioning
stimulus was induced by inflation of a tourniqueguand the lower leg contralateral to the test leg a
a pressure level corresponding to 70% of the predsierance threshold. This was inflated
immediately at the beginning of the test to thisstant pressure, while simultaneously the cuff on
the test leg inflated at a rate of 1k/Pa to reasespain detection and tolerance thresholds. Both
tourniquets began simultaneously and were releaseel all measurements were finished, or if the
subject terminated the collection of outcomes ugiieghand switch (maximum 100s). The CPM-
effect was calculated as the percentage changessyre detection and tolerance thresholds from
baseline, compared with the recordings during trelitioning stimulus (i.e. a positive CPM-effect
indicate an efficient CPM)[41]. Participants wereleded from analysis this if pressure tolerance

was not reached before 100 kPa, as a CPM respandd not be detectable.

Satistics

Data are presented as mean and standard deviatmedian and inter-quartile range unless
otherwise stated. All data were assessed for apped& normal distribution by visual inspection of
Q-Q plots. The primary analysis was done usingexway analysis of variance (ANOVA) with the
categorical dependent variable as group (currert;Récovered-PFP, control). The dependent
variables were CPM-effect (on both pressure detend tolerance thresholds), TSP, pressure
pain thresholds (knee, tibia, elbow).

In addition to comparing differences in CPM-effactoss groups, a repeated measures ANOVA
was run with factors time (baselimersus conditioning) and groups (current-PFP, recovereg-P
control) in order to validate if the conditioningnadigm induced CPM in the groups (i.e. had a
significant increase in PDT and PTT from baseline).

For cuff pain sensitivity (pressure detection asldrance thresholds), a two way between-within
subject ANOVA was run, with the categorical depearidactor as group (current-PFP, recovered-

PFP, control), and the within-subject’s factorsia®e (test leg, contra-lateral leg). With significa



factors or interactions, the Least Significant Biéince (LSD) post-hoc tests were used. Secondary
analyses were done using Pearson correlation torexine association between duration of
recovery and local pain sensitivity (pressure plarashold at the centre of the patella). Statiktica

significance was set at P<0.05.

RESULTS

Eighty-seven young females were recruited, testeldracluded in analysis of QST measures.
Thirty-six in the current-PFP group, 22 in the nem@d-PFP group, and 29 controls: Current-PFP
had a median pain duration of 8 years, while tivase no longer experienced knee-pain, were
recovered for a median of 2 years (Table 1). Thessor blinding was considered reasonable, with
the blinded assessor guessing correctly identdadect allocation for 49% of the participants in
the correct group. All participants completed alagtitative sensory testing procedures.

In the current-PFP group, 33 of 36 participants pleted the pain drawings. Participants with
current-PFP had a median of 2 (IQR 1-2.5) pairsgid# including knee pain), with 60% reporting
pain in another location than the knee; most comynoaick (N = 11), neck (N = 7) and hip/pelvis
(N =7) pain. Seven of the 33 fulfilled the Amemc@ollege of Rheumatology criteria for

widespread pain[39].

Conditioning pain modulation

Two participants (one current-PFP, and one contealghed the 100 kPa limit (both on the test and
contralateral leg) and were excluded from the CPElysis. A significant group effect was found
for the CPM-effect assessed by the percentageaserna pressure tolerance threshold (Figure 2;
ANOVA: F(2,84) = 4.402; P < 0.05). Post-hoc testeiaed that those with current-PFP pain had a
reduced CPM-effect relative to the recovered-PFeafndifference 11.2%; 95% CI 3.4-19.0; P <
0.005; effect size Cohen’s d = 0.7[9] (95% CI @2.13)). There was no significant difference

between the current-PFP group and those who wandnea (P > 0.05; effect size Cohen’'sd =0.4



(95% CI-0.1 to 0.9) or the recovered and those were pain-free (P>0.05; effect size Cohen’s d
= 0.4 (95% CI -0.9 to 0.2)). There were no sigmificdifferences between groups for CPM
assessed by percentage change of pressure dethcéshold during conditioning (Figure 2;
F(2,84) = 1.052; P = 0.35; effect sizes Cohen’'sment PFP versus control =0.3 (-0.2 to 0.8),
current-PFP versus recovered = 0.2 (95% CI -0B8Yy recovered-PFP versus control = 0.0 (95%
Cl-0.5t00.6) .

In the repeated measures ANOVA, to determine whrclips had a significant increase in PDT/
PTT from baseline, there was a significant intacector both PDT (F(4.2,2) p<0.05) and
PTT(F(8.0,2); p <0.05). All three groups had a gigant increase in both PDT and PTT from
baseline (p<0.05; Table 3) i.e. a conditioning effdespite the between group differences in how

much CPM they experienced (CPM-effect).

Temporal summation of pain

Mean VAS scores normalised relative to the firghstation for each group over the ten repeated
stimulations are displayed in Figure 3. The ANOVIAT&P-effects showed a difference between
groups (F(2,84) = 5.0; P < 0.05). Post hoc testavgaled the current-PFP group had a facilitated
TSP-effect (1.7.¢m, 95% CI 1.3 to 2.2 cm) compdaoecbntrols (0.9 cm, 95% CI 0.5 to 1.3 cm;
mean difference = 0.8 cm; 95% CI1 0.3 to 1.4 cm;R04) but not when compared to the
recovered-PFP (1.6 cm 95% Cl 1.2 to 2.0 cm; meti@rdnce = 0.1 cm; 95% CI -0.7 to 0.6 cm;
P=0.5). Similarly, the recovered-PFP showed fatdd TSP compared to pain-free controls (mean

difference 0.7 cm; 95% CI1 0.08 to 1.4 cm; P < 0.05)

Cuff pressure pain sensitivity
There was a significant main effect for group foegsure tolerance threshold (F (2,84) = 4.818, P <
0.01). The current-PFP group had reduced presslamance threshold compared to both the

recovered-PFP (P < 0.029) and the pain-free canfPok 0.01). Main effects for pressure detection

10



and tolerance threshold are presented in TableAidhificant group effect was found for the

pressure detection threshold (F (2,84) = 1.2850P12).

Sngle-point pressure pain sensitivity

There were significant differences between grooppfessure pain thresholds at the centre of
patella (ANOVA: F (2,84) = 13.6; P < 0.001), thieialis anterior muscle (ANOVA: F (2,84) = 6.5;

P < 0.002), and the contralateral elbow (ANOVA:,B@ = 3.1; P < 0.049). Post-hoc analysis
demonstrated the current-PFP group had lower pregsun thresholds at the knee compared to
both the recovered-PFP group (P < 0.05) and theaaroup (P<0.0001), and lower pressure pain
thresholds at the tibialis anterior muscle and i@ateral elbow compared to the control group (P <
0.001; Table 2). The recovered-PFP group had Ipnessure pain thresholds at the knee compared

to controls (P < 0.027).

Pain sensitivity and time since recovery

Pearson correlation was run to determine whetleetivas any association between local pain
sensitivity (pressure pain threshold at centreatéla) and time since recovery in the recovered
group. There was no significant relationship betwt® time since recovery and pressure pain

threshold (P>0.05; r = -0.049).

DISCUSSION

This assessor blinded quantitative study, fountlytbang females with long-standing PFP since
adolescence were characterized by impaired CPNé¢tefg less descending pain inhibition)
compared to the recovered-PFP group, facilitateld, B®d local and widespread pressure
hyperalgesia compared to controls with no histdiyn@e-pain. The recovered-PFP had a greater
CPM effect compared to the current-PFP group. éstargly, they had greater pressure pain

sensitivity at the knee compared to controls withistory of knee-pain, which was significantly

11



decreased compared to the current-PFP group. Siynilaose with a history of knee-pain
displayed as much temporal summation of pain aseticarrently experiencing persistent pain,

which was increased relative to controls.

Current Patellofemoral Pain

Previous smaller studies have demonstrated thignpatwith PFP are characterized by widespread
pressure hyperalgesia and impaired CPM comparkdalbhy individuals [28;32]. Interestingly,

our results demonstrate that the recovered-PFR Inaare efficient CPM compared to those with
PFP. There were no differences for either of tlggeaps from the healthy controls. Despite not
reaching the intended sample size, small effeesdietween the current-PFP and controls (0.3 and
0.4 for CPM by detection and tolerance threshatdpectively) supports the lack of differences in
this cohort. The differences in CPM between recedd?FP and current-PFP had a moderate effect
size (0.7) supporting the statistical differencesgen these groups. The more efficient CPM in
recovered-PFP compared to those who continue terdubm pain is interesting and one could
speculate if this could potentially be protectiaeting as a ‘buffer’ against pain, despite they
display similarly facilitated TSP as those who haueaent-PFP. Indeed this study is the first to als
document facilitated temporal summation of paifeimale youth with PFP. TSP has extensively
been investigated in older chronic pain populati@psbut only one previous smaller study
evaluated this in younger subjects with knee p2#).[Despite participants were recruited from the
same population based cohort (APA 2011) but ataglnee time-point and not the same individuals
(random selection), there was not a facilitated p&#ile in this earlier study. One reason for the
differences may be relatively longer (2 years) sympduration, and greater disability in the
current investigation, since measures of facildatentral pain mechanisms have been found to
worsen with increasing pain duration [5]. Particifgin the present study scored worse on all

subscales on the KOOS than the previous study (noably the sport subscale, which was 11

12



points lower) [28], and reported median pain doratf 8 years, which may be considered long
(considering it is around 1/3 of their lives).

Previous research also indicates an associatiovebatpain duration and TSP in patients
with knee osteoarthritis [4]. In PFP patients, ltheest pressure pain thresholds were observed in
those with the highest pain intensity and longest pluration [30]. Further research is warranted to
investigate ‘how long’ PFP patients need to have,geefore changes in pain sensitivity start to
manifest, and if early treatment affects the paimsttivity, and recurrent trajectory of pain.

The presence of long-standing pain, underpinneiddrgased pain sensitivity in these young
adults may also explain the high prevalence oftamdil pain sites in the current study (with 60%
reporting pain in more than one location, and ryeamk in four fulfilling the criteria for widesprda
pain). Having chronic musculoskeletal pain in ameation, is an independent risk factor for
developing pain in subsequent other pain-free lonat{1]. While there are many potential
contributors, central pain mechanisms are one pateeason thought to play a role [15]. Together
this may explain the mechanisms underpinning tHawaurable longer-term prognosis, and

trajectory toward more pain locations after develg@®FP during adolescence.

Recovered from patellofemoral pain

The recurrent nature of PFEP could be explainedbryeased pain sensitivity in the recovered-PFP
group found in the current study. Despite beingngege, it appears that changes in pain sensitivity
and central pain mechanisms do not completelymedtuthe level of controls, despite being
recovered for a median of 24 months.

In knee osteoarthritis, a peripheral nociceptivieadhas been considered important for
maintaining facilitated central pain mechanismsdenced by the ‘normalisation’ of mechanism
after ‘removal’ of peripheral nociception by jom@placement surgery [19;20;25]. Contrary to this,
the current investigation indicates that increasaukitivity persists in PFP patients, despite self-

reporting no current pain. This in line with basaence indicating that development of central pain

13



mechanisms initially depends on nociceptive infis peripheral injury, but that change can
continue to persist in the absence peripheral iffiut

Research from other recurrent musculoskeletal paimplaints provide alternative
models/theories of pain recurrence, which have g@ignfocussed on biomechanics and altered
motor control and postural stability in those wathy. recurrent back pain [22;23], showing
alterations despite symptom remission of symptdrhsre is lack of data examining other factors,
(including pain sensitivity), in recurrent low bapkin patients, and it is unclear if they display
altered pain mechanisms relative to controls [14;86 studies have evaluated biomechanics in
PFP patients despite no current pain.

This study is the first to demonstrate altered pa@thanisms in those with a prior history of
adolescent PFP who are currently pain-free, pragithe first potential mechanism for explaining
their recurrent knee-pain episodes. The increaagusensitivity and facilitated pro-nociceptive
mechanisms in the recovered-PFP group, means thahatreduced nociceptive input would be
required for subsequent pain episodes to occumsngroup. Dynamic processes influenced by past
pain inputs or ‘somatosensory pain memories’ may plrole [13]. Longitudinal research is needed
to confirm this, and future research should trprtospectively elucidate the temporal profiles of

pain mechanisms during recovery.

Srengths and limitations

Study strengths are the recruitment from a poprabased cohort, increasing the generalizability
of the results, and the use of a blinded asseseicing the risk of detection bias. A potential
limitation is the cross-sectional nature of thedgtipreventing conclusions regarding causality of
the observed findings. Exploring whether changdeaal pain sensitivity were associated with
time since recovery was not significant in the eatrinvestigation, but this analysis was limited by
the small sample of recovered participants. Fumreedid not account for pain in other locations in

the recovered group. The study was powered fon8&iduals per group. Unfortunately, few were

14



recovered from knee-pain explaining the reduceduigaent and underlining the persistent nature
of this pain complaint. Despite a lower sample-$iea expected, the data demonstrates clear
findings, with the recovered group falling betweamtrols and current pain on almost all

outcomes.

Conclusion

Young females with long-standing patellofemorahpaere characterized by widespread single-
point pressure hyperalgesia and impaired descemdiimgcontrol, while those who were currently
pain free displayed increased localised pressyserajgesia, and facilitated temporal summation of
pain, compared to young pain-free females with istohy of knee-pain. Despite being recovered
for a median of 2 years, those with a history adlasicent knee-pain continue to demonstrate
altered pain processing. These findings are pdatigunteresting due to the potential effects of
such maintained effects on central pain mechanismecurrence of pain symptoms, despite

reporting no current pain.
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FIGURE LEGENDS

Figure 1. Schematic representation of testing procedures.

Figure 2. Mean (+ 95% CI) conditioning pain modulation (CJéffect for the current-

patellofemoral pain (current-PEP, solid bars), veced-PFP (grey), and controls (white) groups.

Significantly different from recovered-PFP (*, F0005). PDT = Pain detection threshold; PTT =

pain tolerance threshold.

Figure 3. Mean (95% ClInormalised visual analogue scale (VAS) scores\oiig the ten cuff

pain stimulations with current-PFP (black symbalsgovered-PFP (grey) and pain free controls

(dashed line). VAS scores are normalised to the gé@e of the first stimulus.
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Table 1. Baseline demographics. Data are displayed as mean (SD) and median [inter-quartile

range] unless otherwise indicated.

Current-PFP

Recovered-PFP Control

N 36 22 29

Age (years) 22.8 (1.1) 23.2(1.2) 23.1(1.2)
BMI (kg/m?) 24.1 (4.1) 23.7 (4.0) 22.7 (4.1)
Height (m) 1.69 (0.08) 1.66 (0.06) 1.67 (0.06)
Weight (kg) 69.2 (13.8) 65.3 (10.5) 63.3 (11.1)
Test limb (% Dominant) 37 54 41
Bilateral pain (%) 89% 77%

Pain Duration (Years) 8 [7-10] 5[2.9-6.6] -

Time since knee-pain - 2 (0.7-4.0) -

(Years)*

KOOS Symptoms (0-100) 71 (16) 95 (5) 97 (3)
KOOS Pain (0-100) 67 (13) 97 (4) 100 (1)
KOOS activity (0-100) 78(13) 98 (2) 100 (2)
KOOS Sport (0-100) 48 (21) 91 (11) 99 (2)
KOOS Qol (0-100) 51 (21) 85 (13) 98 (4)

Pain Frequency (%) Daily: 34% - -

Several times per week: 34%
Weekly: 17%
Monthly: 14%

Rarely: 0%

Never: 0%
Current Pain (NRS 0-10) 2(2) - -
Worst Pain in the last 4 7(2) - -
weeks (NRS 0-10)
Average paininthelast4  4(1) - -

weeks (NRS 0-10)

KOOS: Knee injury and Osteoarthritis Outcome Score. NRS: Numerical Rating Scale.



Table 2. Mean (95% Cl) pressure pain thresholds (PPT), cuff pressure pain detection

threshold (PDT), and pressure tolerance thresholds (PTT) for females with current-PFP,

recovered-PFP, and pain-free control.

Current-PFP

Recovered-PFP

Controls

Cuff PDT

21.1(18.0-24.18)

24.5 (20.1 - 28.4)

25.8 (22.3-29.2)

Cuff PTT
PPT Centre of Patella

42.2(36.3 - 48.1)*"
377.3(318.3-436.2) **

52.9 (45.3 - 60.4)
492.3 (420.3 - 564.3)"

55.0 (48.5 - 61.6)
602.8(534.0 - 671.7)

PPT Tibialis anterior

323.2 (262.2-384.1) *

398.5 (332.1- 464.8)

479.8 (410.1 - 549.4)

PPT Contralateral

elbow

363.3 (262.3-384.1) *

423.2 (332.1 - 464.8)

448.7 (410.1 - 549.4)

Significantly lower than Recovered-PFP (*, P < 0.05) and Controls (#, P < 0.05).



Table 3. Differences in threshold values at baseline and during conditioning, and in VAS

during temporal summation paradigm.

Pressure detection

Pressure tolerance

Temporal Summation of

threshold threshold pain
Baseline During Baseline During VAS-I VAS-II
conditionin Conditioni
g ng
Current-PFP | 19.3(17.0- | 25.4(21.6- 42.0(37.4- 47.2(42.0- 4.0(3.4- 5.8 (4.9 -
21.7) 29.3)* 46.5) 52.5)* 4.7) 6.69
Recovered- 24.0(19.9- 34.2(28.2- 53.0(43.9- 65.8(64.6- 3.6(2.8- 5.3(4.5-
PFP 28.1) 40.2)* 62.1) 77.0)* 4.5) 6.1)
Controls 25.1(21.4- 359(30.6- 54.8(48.6- 65.3(57.4-  4.3(3.5- 5.2(4.3-6.1
28.1) 41.2)* 61.1) 73.2)* 5.1)

*indicates significant increase from baseline.
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