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Abstract

Background and aims: Previous systematic reviews have
reported manifestations of pain sensitisation as a feature
of painful knee disorders, in particular osteoarthritis, with
moderate evidence for pain sensitisation in patellofemo-
ral pain (PFP). However, despite past studies recruiting
female mostly adolescent PFP patients, it is unclear if sex
or age plays a role. Investigation is required to determine
if altered pain processing is a key feature of PFP and if a
subgroup of patients is at an increased risk to help provide
targeted management. The primary aim of this systematic
review was to examine evidence investigating pain pro-
cessing in PFP. Secondary aims were to evaluate the rela-
tionship between pain processing and (1) sex, (2) age and
(3) symptom duration.

Methods: The protocol was prospectively registered with
PROSPERO (CRD42019129851). PubMed, CINAHL, Web of
Science and EMBASE were systematically searched from
inception to April 2019 for studies investigating pain pro-
cessing in PFP patients compared to controls using quan-
titative sensory testing. Each included paper was assessed
for methodological quality using a modified version of
Downs and Black. Means and standard deviations were
extracted to calculate standardised mean differences
(SMD) and 95% confidence intervals (95% CI). Where pos-
sible meta-analysis and meta-regression were performed
using a random effects model.
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Results: Eleven studies were identified, two medium and
nine high quality. Meta-analysis indicates moderate evi-
dence for decreased pressure pain thresholds (SMD -0.68,
95% CI —0.93 to —0.43), increased tactile detection thresh-
olds (SMD 1.35, 95% CI 0.49-2.22) and increased warmth
detection thresholds (SMD 0.61, 95% CI 0.30-0.92) in
PFP patients compared to controls. Secondary analy-
sis indicates moderate evidence for decreased pressure
pain thresholds in female compared to male patients
(SMD -0.75, 95% CI -1.34 to —0.16). Meta-regression indi-
cates a moderate correlation between decreasing local and
distal pressure pain thresholds and decreasing patient age
(local R?=0.556, p=0.0211; distal R*=0.491, p=0.0354) but
no correlation with symptom duration (p > 0.05).
Conclusions: Evidence from this systematic review with
meta-analysis and meta-regression appears to suggest the
presence of altered pain processing and sensitisation in
patients with PFP with increased sensitivity indicated in
female patients and younger patients.

Implications: With evidence of altered pain processing and
sensitisation in PFP, it may be beneficial for clinicians to con-
sider management approaches that aim specifically at adress-
ing neuropathic pain, for example neuroscience education,
to improve patients outcomes. With female patients and
younger patients indicated as experiencing greater degree of
sensitivity, this may be a good demographic to start screen-
ing for sensitisation, in order to better identify and treat those
most affected.

Keywords: patellofemoral pain syndrome; pain process-
ing; sensitisation; quantitative sensory testing.

1 Introduction

Patellofemoral pain (PFP) is a challenging clinical con-
dition seen regularly in primary and secondary care set-
tings, with prevalence reported to be 22.7% in the general
population [1-3]. PFP is characterised by insidious onset
anterior or retropatellar knee pain that is exacerbated by
activities associated with patellofemoral joint loading
such as squatting, kneeling, stair ambulation, running
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and jumping [4]. Symptoms often result in reduced par-
ticipation in both activities of daily living and sports, with
many experiencing recurrent or persistent pain [5, 6].
Long-term, only one in three persons with PFP are pain
free after 12 months of treatment, with the potential risk
of patellofemoral joint osteoarthritis development in later
life in those with persistent pain [7-11]. With such chro-
nicity, development of a greater understanding as to why
pain persists is crucial to further current literature.

Despite the reported high prevalence and persistence
of PFP there is little consensus concerning its aetiology
[12]. Previous research often focusses on biomechanical
deficits despite pain presentations varying considerably
between patients and emerging evidence to suggest the
contribution of neuropathic pain components [13-23].
Prolonged nociceptive firing may lead to manifestations
of both peripheral sensitisation (increased responsive-
ness and reduced threshold of the nociceptive neurones
in the periphery to stimulation of their receptive field)
and central sensitisation (increased responsiveness of
the nociceptive neurones in the central nervous system to
their normal or subthreshold afferent input) causing pain
hypersensitivity in patients [24, 25].

No tool currently exists to directly measure pain pro-
cessing, with evidence of sensitisation identified through
the use of quantitative sensory testing (QST) [25, 26]. QST
uses a variety of non-noxious and noxious stimuli to eval-
uate the function of individual sensory responses, both
peripherally and centrally [27, 28]. Pressure pain thresh-
olds (PPTs) are commonly used, reflecting the function of
myelinated AB-fibres and Ad-fibres both around the painful
knee (local hyperalgesia) and at remote sites (distal hyper-
algesia) [28, 29]. Conditioned pain modulation (CPM) and
temporal summation (TS) are two psychophysical tests to
assess anti-nociceptive and pro-nociceptive elements of
central sensitisation respectively [15]. CPM is thought to
reflect the descending endogenous inhibitory system, a
key contributor to persistent pain, through the net sum of
inhibition and facilitation which normally allows painful
stimuli to inhibit other painful stimuli [27, 30]. TS is related

Table 1: Search strategy.

DE GRUYTER

to “wind-up” of central nervous system neurones produc-
ing an increasing response to repeated C-fibre nociceptive
input of the same intensity [27].

Previous systematic reviews by Fingleton et al. [28]
and subsequently de Oliveira Silva et al. [31] have reported
manifestations of pain sensitisation in knee osteoarthri-
tis and painful knee disorders, respectively. Although the
review by de Oliveira Silva et al. [31] explored pain sen-
sitisation in PFP, it also investigated knee osteoarthritis,
patellar tendinopathy and post-meniscectomy, lacking
specificity to PFP with new publications emerging since
this review was published [15, 32]. It remains unclear if
females and males with PFP are affected by altered pain
processing to the same degree or if changes are related
to factors such as age or symptom duration. Addressing
these knowledge gaps may help to determine if a particu-
lar patient demographic is greater affected allowing imple-
mentation of a more targeted management approach.

The primary aim of this systematic review was to
examine evidence investigating pain processing in PFP.
Secondary aims were to evaluate the relationship between
pain processing and (1) sex, (2) age and (3) symptom
duration.

2 Methods

This review was completed in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement [33] and was prospectively
registered with PROSPERO (CRD42019129851).

2.1 Search strategy

PubMed, CINAHL, Web of Science and EMBASE were sys-
tematically searched by one reviewer (CB) from inception
to April 2019 using a comprehensive and reproducible
search strategy outlined in Table 1. Each database was
searched using two groups of keyword combinations,

Group one keywords AND

Group two keywords

Patellofemoral pain OR PFP OR
patellofemoral pain syndrome

OR patellofemoral syndrome OR
patellofemoral joint pain OR anterior
knee pain OR retropatellar pain OR
peripatellar pain OR parapatellar pain
OR chondromalacia patellae

Pain sensitisation OR central sensitisation OR peripheral
sensitisation OR hyperalgesia OR central hypersensitivity
OR allodynia OR pain processing OR pain modulation

OR pain threshold OR pressure pain threshold OR pain
pathophysiology OR somatosensory OR neuropathic pain OR
neuropathic-like pain OR central pain OR peripheral pain OR
central nervous system sensitisation OR peripheral nervous

system sensitisation
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relating to PFP and pain processing, to identify all relevant
literature. The electronic search was complemented by
hand searching the reference lists of retrieved articles and
the completion of citation tracking using Google Scholar.

2.2 Inclusion and exclusion criteria

Studies were eligible for inclusion if they investigated
pain processing using QST in PFP participants compared
to controls. QST measures included pressure pain thresh-
olds, tactile detection thresholds, thermal detection
thresholds (warmth and cold detection thresholds), vibra-
tion detection thresholds, CPM and TS. PFP participants
were required to meet the diagnostic criteria of insidious
onset anterior or retropatellar knee pain, exacerbated by
activities associated with patellofemoral joint loading
including squatting, kneeling, stair ambulation, running
and jumping [4]. Mixed-sex and single-sex participant
groups of all ages were included. Studies were required to
involve only human subjects, full-text cohort, cross-sec-
tion or case-control studies and published in peer-review
journals in the English language.

Studies were excluded if they did not contain a control
group or included participants with additional knee
pathologies (including internal derangement or ligamen-
tous instability) or previous knee surgery. The exclusion
criteria also ruled out unpublished, non-peer reviewed,
animal and studies not in the English language, in addi-
tion to case studies, reviews, letters, opinion articles, con-
ference proceedings and thesis papers.

2.3 Review process

Studies identified through the search strategy were down-
loaded into Endnote X7.5 (Thomson Reuters Coopera-
tion, New York, NY, USA), with duplicates subsequently
deleted. Titles and abstracts were screened for eligibility
with the full-texts of potentially relevant articles obtained
for further review by one reviewer (CB). Full-texts were
screened where eligibility could not be determined by the
abstract alone, with any uncertainties resolved at a con-
sensus meeting with a second reviewer (SL).

2.4 Quality assessment

Study methodological quality was evaluated using a mod-
ified version of the Downs and Black checklist [34] and a
PFP diagnostic checklist [35]. Downs and Black [34] is a
validated tool that is widely used in literature, with good
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reliability and validity reported [36, 37]. The modified
version contained 16 criteria following the removal of cri-
teria 4, 8, 9, 13, 14, 17, 19, 23, 24, 26 and 27 which have pre-
viously been deemed inappropriate for non-randomised
studies [38]. As described by Hootman et al. [39], studies
were scored out of a maximum of 17 points, with the
score converted into a percentage to allow banding into
low (<33.3%), moderate (33.4-66.7%) or high (=66.8%)
quality. Studies scoring below 50% were excluded from
subsequent analysis to prevent the inclusion of studies
with a high risk of bias [35]. The PFP diagnostic checklist
is a seven-item scale developed by Barton et al. [35] that
identifies key inclusion and exclusion criteria for the diag-
nosis of PFP. A higher score indicates a higher number of
criteria having been reported thus a more comprehensive
diagnosis made. Both quality assessment tools were com-
pleted by two independent reviewers (CB and BN) with
any discrepancies resolved at a consensus meeting. A
third reviewer (SL) was available but not required.

2.5 Data extraction

Study details (primary author, year, study design), partici-
pant demographics (sample size, sex, age, height, weight,
BMI), symptom duration and QST measures of pain process-
ing (PPTs, tactile detection thresholds, vibration detection
thresholds, thermal detection thresholds, CPM, TS), both
locally and distally, were extracted and analysed from each
study. Means and standard deviations were sourced from
the papers or through contacting the authors via email. One
study [16] presented data as median and interquartile range
which were converted into mean and standard deviation
following guidance from the Cochrane Handbook [40].

2.6 Data analysis

Data analysis was performed using the review manager
software package RevMan 5.3.5 (The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014). Meta-analysis
was completed where a minimum of two studies recorded
comparable QST measures in PFP cases and controls. Data
which could not be pooled was summarised in a narrative
format and presented within tables. Means and standard
deviations were inputted into RevMan to allow calcula-
tion of standardized mean difference (SMD) and 95% con-
fidence interval (95% CI). SMDs were calculated for both
pooled and unpooled data as all studies presented data as
continuous scale.

A random effects model was used for meta-analy-
sis. Calculated SMDs were categorised as small (<0.59),
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medium (0.60-1.19) or large (>1.20) effect sizes, as recom-

mended by Hume et al. [41]. The level of statistical het-

erogenicity for pooled data was established using %? and

I? statistics with the level of significance set at p <0.05.

PPT locations were categorised into local and distal sites,

with the following definitions constructed to standard-

ize analysis. Local was defined as either the most painful
site reported at the patella or the site closest to the central
patella, since this is thought to be the most prevalent site
of pain in PFP [23]. Distal was defined as the site most ana-

tomically distant from the primary area of pain [28].
Levels of evidence were established for each finding

with the definitions based on the van Tulder Criteria [42].

(i) Strong: results derived from multiple studies, includ-
ing at least two HQ studies, which are statistically
homogenous (I2<50%).

(ii) Moderate: results derived from multiple studies,
including at least one HQ study, which are statisti-
cally heterogeneous (I>>50%); or from multiple LQ
studies which are statistically homogenous (I < 50%).

(iii) Limited: results derived from multiple LQ studies
which are statistically heterogeneous (I>>50%); or
from one HQ study.

(iv) Very limited: results derived from one LQ study.

(v) Conflicting: insignificant results derived from multi-
ple statistically heterogeneous studies (I?>50%).

Initial planned analysis was to consider the relationship
between PPTs before and after treatment, however, due to
a paucity of studies presenting data for both time points
this analysis was not possible. Instead, a random effects
meta-regression was performed to explore the relation-
ship between the SMDs of individual studies PPTs and
both age and symptom duration. Meta-regression was
completed using the comprehensive analysis and graphic
software programme Prism 8.1.0 (GraphPad, San Diego,
CA, USA). An o level was set a priori at <0.05. Calculated
correlation coefficients (R?) were categorised as negligi-
ble (0.00-0.10), weak (0.10-0.39), moderate (0.4-0.69),
strong (0.7-0.89) and very strong (0.90-1.00) correlations,
as outlined by Schober et al. [43].

3 Results

3.1 Search strategy

The results of the database searches are displayed in
Fig. 1. The search identified 3,286 relevant papers and fol-
lowing the deletion of duplicates, 2,689 papers remained.
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After subsequent title and abstract screening, 21 papers
remained and full-text assessment for eligibility identified
11 studies meeting the inclusion criteria [15-23, 32, 44].
The most common reasons for exclusion were a lack of
specificity to PFP or the absence of a control group.

3.2 Study characteristics

Study characteristics are outlined in Table 2. All 11
included studies investigated pain processing in PFP
patients compared to controls using QST measures. Three
studies were case-control [18, 23, 32], six were cross-sec-
tional [15, 19-22, 44] and two were cohort [16, 17].

3.3 Quality assessment

The results of the Downs and Black checklist [34] and PFP
diagnostic checklist [35] are presented in Tables 3 and 4.
The Downs and Black scores ranged from 64.7% [16, 18] to
88.2% [20-23], with nine studies rated high quality (HQ)
[15, 17, 19-23, 32, 44] and two studies rated medium quality
(MQ) [16, 18]. All studies exceeded the 50% threshold for
inclusion. The most common reasons for methodological
compromise were lack of detail concerning the population
characteristics, lack of assessor blinding and inadequate
adjustment for confounders. The PFP diagnostic checklist
scores ranged from 3/7 points [17] to 7/7 points [21, 22, 32,
44]. Commonly, studies did not provide a clear definition
of the location of pain or state that pain should be of insid-
ious onset, unrelated to trauma.

3.4 Quantitative sensory testing measures

Data pooling for meta-analysis was possible for PPTs,
tactile detection thresholds and thermal detection thresh-
olds with forest plots displayed in Figs. 2—4, respectively.
Results that could not be pooled are summarised in a nar-
rative format in Table 5.

3.4.1 Pressure pain thresholds

Nine studies (8 HQ[15, 19-23, 31, 44] and 1 MQ [18]) assessed
local and distal PPTs using handheld algometry (Fig. 2).
Moderate evidence (8 HQ [15, 19-23, 31, 44] and 1 MQ [18])
of medium effect indicates decreased PPTs locally in PFP
patients compared to controls (n =567, SMD -0.80, 95% CI
-1.21 to —0.39, p=0.0001; I*=80%, p < 0.00001). Moderate



DE GRUYTER

Bartholomew et al.: Altered pain processing and sensitisation is evident in adults with patellofemoral pain == 15

Records excluded
(n = 2668)

Full-text articles
excluded, with reasons

— Not specific to PFP

(N

Fig. 1: PRISMA flow diagram.

evidence (8 HQ [15, 19-23, 31, 44] and 1 MQ [18]) of small
effect indicates decreased PPTs distally in PFP patients
compared to controls (n=567, SMD -0.55, 95% CI -0.85
to —0.25, p=0.0003; I’=64%, p=0.0004). Overall, moder-
ate evidence of medium effect indicates decreased PPTs
in PFP patients compared to controls (n=>567, SMD -0.68,
95% CI -0.93 to —0.43, p < 0.00001; I>=75%, p <0.00001).

3.4.2 Tactile detection thresholds

Three studies (1 HQ [17] and 2 MQ [16, 18]) assessed local
tactile detection thresholds with two studies also assess-
ing distal tactile detection thresholds (1 HQ [17] and 1 MQ
[16]) using monofilament pressure. Moderate evidence (1
HQ [17] and 2MQ [16, 18]) of large effect indicates increased
tactile detection thresholds locally in PFP patients com-
pared to controls (n=225, SMD 1.67, 95% CI 0.33-3.01,

Records identified through
database searching
(n = 3286)
c
S PubMed = 2261
3 CINAHL = 187 - N
Qo
S| | enorsoeme-7es P ot et
o) EMBASE = 43
kel (n=3)
A4 A4
— Records after duplicates removed
(n = 2689)
2
= A4
[0}
2 Records screened
N (n = 2686)
A
Full-text articles
assessed for eligibility _
> (n=21) (n=10)
3 — No control group
2 2)
o (
A4
Studies included in (5)
— qualitative synthesis — No QST measure
. (n=11) used (1)
— Case study (1)
— Review (1)
el
[0}
E] Studies included in
2 quantitative synthesis
- (meta-analysis)
(n=11)

p=0.01; 2=94%, p<0.00001). Moderate evidence (1 HQ
[17] and 1 MQ [16]) of medium effect indicates increased
tactile detection thresholds distally in PFP patients com-
pared to controls (n=225, SMD 0.82, 95% CI 0.46-1.17,
p <0.00001; I>’=16%, p=0.27). Overall, moderate evidence
of large effect indicates increased tactile detection thresh-
olds in PFP patients compared to controls (n=225, SMD
1.35, 95% CI 0.49-2.22, p=0.002; 2=93%, p <0.00001).

3.4.3 Thermal detection thresholds

Two studies (1 HQ [17] and 1 MQ [16]) assessed warmth
detection thresholds (WDTs) and cold detection thresh-
olds (CDTs) using an adjustable thermal stimulator. Mod-
erate evidence (1 HQ [17] and 1 MQ [16]) of medium effect
indicates increased WDTs in PFP patients compared to
controls (n=185, SMD 0.61, 95% CI 0.30-0.92, p=0.0001;



DE GRUYTER

Bartholomew et al.: Altered pain processing and sensitisation is evident in adults with patellofemoral pain

16

‘Anenb wnipaw =y ‘Ayjenb ySiy=7H ‘(0 $9103S) dulWISILP 0] d)qeun =L ‘UMeIp SSuIpulj ulew Ya1ym woij sasAjeue uj s1opunojuod 1oj Juswisnipe ajenbape =gz ‘pouad awi) swes

9Y] J9A0 Pa}INIdal $)043U0D pue sased=gg ‘uoleindod swes woiy palinidal S|0JjU0d pue SISEI =T {PIsN SIINSEIW SWO0IIN0 Ulew (3]qeIj3I PUB PIBA) 91RINIIB = (7 ‘SWO0IIN0 UlBW dY] SSISSE

0} pasn s1sa} |edlisiieys ajendosdde=gr fies)d apew SuiSpaip elep,, uo paseq s}nsal Aue =97 ¢Sawo023n0 ulew SulNseaw asoy) Jo Suipuljq= ST ¢paiinidal atam Ayl ya1ym wouy uonjejndod
3113u? Jo aAlejuasaldal ajedidijied o) patedaid s1oslqns =T {payiniaal asem Asy3 yoiym woly uoijeindod a113us Jo dAIFRIUSSAIdDI $3I8[NS =TT {SOWO0dIN0 ulew Ioj pajiodal sanjea Ayljiqeqold
lenjoe =0T ‘papinoid sawod3no uiew 10j A}ljiqelieA wWopuels 10j sajew}sa =/ (paquasap Ajues)d sSuipuly uiew =9 ¢paquasap Aues)d pasedwod aq 03 dnoiS yoes uj siapunojuod jedpulid jo
suolINquUISIp =g ‘paquasap Ajdea)d syualjed papn)oul Jo SI13SHBIORIBYI =€ fUO1}IDS SPOYIBW 10 UOIIINPOIIUL Ul PACLIISIP A)4ea)d SawodIno ulew =g ‘paqudsap Al1es)d aa3dalqo/wie/sisayjodAy =1

OH T'88 ST T 1 1 1 1 I 0 1 I I I 1T 1T T 1 1 [€zZ] 810T ‘uapliay 1ap uea

OH ¥'z8 71 1 0 1 1 1 T I T 1 1 1 1T 0 1T 1 1 [7%] £10T ‘Pa1yrey

DH 7’88 ST T 1 1 T I I T 1 1 0 I 1T 1 1 1T 1 [czl 910T ‘Paryrey

OH 88 ST 1 I T 1 1 1 0 I T 1 1 T 1T 1 1 1 [tz] €T0T ‘Poryrey

OH 7’88 ST 1 1 T T 1 1 1 1 T T I 1T 0 1T 1 1 [0z] ZT0C ‘oneUIZZRY

OH %8 A 1 1 T I T 1 0 1 1 1 I T 0 T T 1 [611 910 ‘oneulzZeq

OW /%9 It T 0 0 1 1 T 0 0 0 I 1 1T 1T 1T 1 1 [81] 910T ‘uaiyaonN

OH 9'0Z A4 T 0 1 1 1 1 0 I 1 0 1 1T 0 T 1T 1 [£1] 800C ‘uasus(

OW  Z'%9 1 I 0 I 0 1 1 0 T T 0 1 1T o0 1T 1T 1 [91] £00T ‘uasua(

OH #'¢8 71 0 1 1 I T 1 1 1 1 0 I T 1T 1 1T 1 [s1]8T0CT ‘uaploH

OH %8 4’ 1 1 0 1 I T 0 1 1 1 I T 1T 1 1 1 [z€] 610T ‘mawojoypieg

pueq Ainend 9102S aSejuadlad (21 jo 1n0) a10ds Jej0) (4 r&4 1C (1Y4 8 91 [ A It [1}% YA 9 S € 4 T 1eaA ‘Joyine Arewnd

‘Juswssasse Ajjenb yoe)g pue sumoq :g 9)qeL

‘papinoid anjea s ou, ¢paplodal Jou=yN ‘xapul ssew Apog=|\g ‘UOIIRIASp piepuUBRlS =(S

0'EFETT 8EF9ET AN N AN AN 6°SFTEC 0 LFW€ET 61y 6C:5€ [€Z]1013Uu02-85B) ‘10T ‘UBPIIBH 43P UBA

0'EF6'TC 9EFTYT T'€E1F6°€9 €9TF/269  60°0F0L1 IT0F69'T TSFI'LC €6FG6'8C 01:2¢ 0T:€T [t7%7] 18U013295-55010 ‘£ T0T ‘}a1yIey

N AN Y'/LFL19 €878¢9 S0'0F69°T SO'0FO0LT 50T 0°0¢ 0:0¢ 0:0¢ [cz]1euo11d9s-55010 ‘910T ‘431yley

T'E¥H'1C 6'TF5°0C 0°6F9°09 1'976°86 S0'0F69°1 G0'0F89°'T  60FTLI T'IF€/LT 0:¢t 0:45 [1Z] 1eU01129S-5S010 € T0T ‘Ya)yIey

AN AN 9'0TFE€C9 6'6F76'T9  O0T°0FS9'T 90'0F¥9'T S EFWTL 9'TF91IC 0:€€ 0:8¢ [0Z] 1eU0138S-5S010 /10T ‘O3IRUIZZRY

AN AN 7°/F0°09 6'9F €8S 70°'0FC9'L 90'0F€9'T 9'GF0°/LC 1'7F9°6C 0:0¢ 0:0¢ [61]1U011295-55010 ‘9T0T ‘ONjRUIZZRd

N AN 0'8F5°09 C6FCL9  90°0FS9T 60°0FY9'T  0'GFLTC 9GFTET 0:0¢ 0:0¢ [81]1013u02-3583 ‘9TQT ‘UBIY3ON

'€ e€°GC AN AN AN AN T76C eC'TE IT:CT 96:6¢€ [£1]10Y0d ‘800 ‘uasus(

' ET 8'€C N N AN IN e T7°6C eC'CE 11:Ct 691 [91] 10Y0d ‘2007 ‘uasua(

I'¥.LTe AR 74 T'TIFEEY  8EIFC69  900FL9'T 80°0F69'T TITFI'ET 1'1¥8'CC 0:62 0:9¢ [§1]12U011298S-5501) Q10T ‘UBPIOH

€8°CFIEL YI'TF6'€C SSTFITL LT'676'89  60°0FWLT 60°'0F69°'T  «0°€C 0°0€ 0T:0T ¢t [z€]1013u0d-3sR) ‘6TOT ‘Mawojoylieg
S]oJ3u0) sase) sjo1uo) sase) sjo1juo) sase) sjo1juo0) sase) sjo1uo0) sase)

(d1eW:3)RWaY)
(;w/S8y) aSFIwg uesy (8)) asFysSiam ueapy (w) asFiysSivy ueay (s1eah) s FoSe ueay azis ajdweg uSisap Apnjs ‘1eak ‘loyine Arewnd

'solisiaRIRYD APNIS :Z 3)1qe]



DE GRUYTER

Table 4: PFP diagnostic checklist.

Bartholomew et al.: Altered pain processing and sensitisation is evident in adults with patellofemoral pain =—— 17

Primary author, year Inclusion items

Exclusion items Total score (out of 7)

1 2 3 4 5 6 7
Bartholomew, 2019 [32] 1 1 1 1 1 1 1 7
Holden, 2018 [15] 1 1 1 0 0 0 1 4
Jensen, 2007 [16] 1 1 1 1 1 1 0 6
Jensen, 2008 [17] 0 0 0 1 1 1 0 3
Noehren, 2016 [18] 0 0 0 1 1 1 1 4
Pazzinatto, 2016 [19] 0 1 1 1 1 1 1 6
Pazzinatto, 2017 [20] 0 1 1 1 1 1 1 6
Rathleff, 2013 [21] 1 1 1 1 1 1 1 7
Rathleff, 2016 [22] 1 1 1 1 1 1 1 7
Rathleff, 2017 [44] 1 1 1 1 1 1 1 7
van der Heijden, 2018 [23] 0 0 1 1 1 0 1 4

1=clear definition of location; 2=insidious onset unrelated to trauma; 3=symptoms consistent with diagnosis; 4 =previous knee surgery;
5=internal derangement; 6 =ligamentous instability; 7=other sources of anterior knee pain.

Cases Controls Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, r 95% CI IV, r 95% CI
1.1.1 Local pressure pain thresholds
Bartholomew, 2019 52.7 213 13 395 227 20 4.7% 0.58 [-0.13, 1.29] 1
Rathleff, 2017 427 206 33 436 152 32 6.0%  -0.05 [-0.54, 0.44] —_—T
Rathleff, 2016 376.6 1483 20 457.7 126.4 20 5.2%  -0.58[-1.21, 0.06]
Noehren, 2016 321.3 1854 20 478.3 226.8 20 5.1% -0.74 [-1.39, -0.10]
van der Heijden, 2018 385 153 64 50.7 146 70 6.7% -0.81[-1.17, -0.46] _—
Holden, 2018 377.3 1743 36 602.8 181 29 5.7% -1.26[-1.79, -0.72] e —
Pazzinatto, 2016 4,12 1.06 38 521 045 33 5.8% -1.29[-1.81, -0.78] e —
Rathleff, 2013 306.2 122.9 57 484.2 1347 22 5.7% -1.40[-1.94, -0.86] I —
Pazzinatto, 2017 369 133 20 532 0.52 20 4.7% -1.58[-2.30, -0.86]
Subtotal (95% CI) 301 266 49.6% -0.80[-1.21,-0.39] E—
Heterogeneity: Tau® = 0.30; Chi? = 39.50, df = 8 (p< 0.00001); I* = 80%
Test for overall effect: Z = 3.87 (p= 0.0001)
1.1.2 Distal pressure pain thresholds
Bartholomew, 2019 48.1 176 13 415 20.8 20 4.8% 0.33 [-0.38, 1.03] -
Rathleff, 2017 282 98.9 33 285 108 32 6.0%  -0.03 [-0.51, 0.46] . E—
Rathleff, 2016 286 92.3 20 319.6 121.1 20 5.2%  -0.31[-0.93,0.32] —_—1
van der Heijden, 2018 496 13.9 64 552 146 70 6.7% -0.39[-0.73, -0.05] —_—
Holden, 2018 363.4 165 36 448.7 118.8 29 5.9% -0.58[-1.08, -0.08] —_—
Noehren, 2016 180 68.1 20 304 232 20 5.1% -0.71[-1.35, -0.07]
Rathleff, 2013 317 159 57 476 166 22 5.8% -0.98 [-1.49, -0.46]
Pazzinatto, 2016 2.41 0.7 38 3.44 1.14 33 5.9% -1.10[-1.60, -0.59]
Pazzinatto, 2017 2.74 121 20 4.27 1.34 20 4.9% -1.17 [-1.85, -0.50]
Subtotal (95% CI) 301 266 50.4% -0.55[-0.85, -0.25] -
Heterogeneity: Tau® = 0.13; Chi® = 22.52, df = 8 (p= 0.004); I’ = 64%
Test for overall effect: Z = 3.62 (p = 0.0003)
Total (95% CI) 602 532 100.0% -0.68 [-0.93, -0.43] <>
Heterogeneity: Tau® = 0.21; Chi® = 66.81, df = 17 (p < 0.00001); I* = 75% _=2 _?1 ) i é

Test for overall effect: Z = 5.28 (p < 0.00001)
Test for subgroup differences: Chi® = 0.93, df = 1 (p= 0.33), 1 = 0%

Fig. 2: Meta-analysis of local and distal pressure pain thresholds.

I>=0%, p=0.85). Moderate evidence (1 HQ [17] and 1 MQ
[16]) indicates no significant difference in CDTs in PFP
cases compared to controls.

3.4.4 Vibration detection thresholds

One study (HQ [17]) assessed local vibration detection
thresholds using a handheld vibrameter but only testing

Favours sensitisation Favours non-sensitisation

the painful and contralateral knee of patients and not con-
trols. Very limited evidence (1 HQ [17]) indicates increased
vibration detection thresholds in the painful compared to
contralateral knee of patients (n =91, painful knee median
1.9 um, IQR 1.3-2.7; contralateral knee median 1.8 um, IQR
1.0-2.2, p=0.003). Twelve percent of patients reported
an uncomfortable sensation descending distally in the
leg when testing the vibration detection threshold on the
painful side which was not experienced contralaterally.
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Cases Controls Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
1.2.1 Local tactile detection thresholds
Noehren, 2016 39 06 20 3.6 0.4 20 19.5% 0.58 [-0.06, 1.21] |
Jensen, 2007 8 5 25 2.2 0.4 23 19.4% 1.58 [0.92, 2.23] —_—
Jensen, 2008 6.8 2.07 91 2 0.222 46 20.4% 2.82[2.33,3.31) —
Subtotal (95% CI) 136 89 59.3% 1.67 [0.33, 3.01) ———EE—
Heterogeneity: Tau® = 1.31; Chi® = 31.08, df = 2 (p < 0.00001); I* = 94%
Test for overall effect: Z = 2.44 (p= 0.01)
1.2.2 Distal tactile detection thresholds
Jensen, 2008 4.5 4.36 91 2 0.222 46 21.0% 0.70[0.33, 1.06] -
Jensen, 2007 36 1.7 25 2.2 0.4 23 19.7% 1.09 [0.48, 1.70] —_—
Subtotal (95% CI) 116 69 40.7% 0.82 [0.46, 1.17] <
Heterogeneity: Tau? = 0.01; Chi* = 1.19,df = 1 (p= 0.27); I = 16%
Test for overall effect: Z = 4.50 (p < 0.00001)
Total (95% CI) 252 158 100.0% 1.35 [0.49, 2.22] e~
Heterogeneity: Tau® = 0.89; Chi* = 53.37, df = 4 (p < 0.00001); I = 93% _14 _=2 2 ‘:‘
Test for overall effeclt: Z=3.06 (p. = 0.002) Favours non-sensitisation Favours sensitisation
Test for subgroup differences: Chi® = 1.44, df = 1 (p= 0.23), I = 30.6%
Fig. 3: Meta-analysis of local and distal tactile detection thresholds.
Cases Controls Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
1.3.1 Warmth detection thresholds
Jensen, 2008 32 2 91 2.2 0741 46 72.2% 0.59 [0.23, 0.95] -
Jensen, 2007 4.5 3.7 25 2.6 1.4 23 27.8% 0.66 [0.07, 1.24] —_—
Subtotal (95% CI) 116 69 100.0% 0.61 [0.30, 0.92] L
Heterogeneity: Tau® = 0.00; Chi® = 0.04, df = 1 (p= 0.85); I = 0%
Test for overall effect: Z = 3.88 (p= 0.0001)
1.3.2 Cold detection thresholds
Jensen, 2008 1.8 1.63 91 24 126 46 52.3% -0.39[-0.75,-0.04] —
Jensen, 2007 42 29 25 2.6 1.2 23 47.7% 0.70[0.11, 1.28] ——
Subtotal (95% CI) 116 69 100.0% 0.13 [-0.94, 1.20] —*—-
Heterogeneity: Tau? = 0.53; Chi* = 9.75, df = 1 (p= 0.002); I* = 90%
Test for overall effect: Z = 0.23 (p= 0.82)
-4 -2 0 2 4

Fig. 4: Meta-analysis of warmth and cold detection thresholds.

3.4.5 Conditioned pain modulation

Three studies (3 HQ [15, 22, 44]) assessed CPM by meas-
uring the change in pressure tolerance threshold (PTT)
and pressure detection thresholds (PDT) from baseline
to application of a painful stimulus. Different methodo-
logical approaches were utilised with Holden et al. [15]
and Rathleff et al. [15, 22] using cuff algometry to induce
pain and Rathleff et al. [44] using cold water immer-
sion. Holden et al. [15] reported no significant difference
in CPM between current-PFP patients compared to con-
trols (n=65, effect size Cohen’s d=0.4, 95% CI -0.1-0.5,
p>0.05). However, CPM effect was found to be reduced in
current-PFP patients compared to recovered-PFP patients
(n=58, effect size Cohen’s d=0.7, 95% CI 0.2-1.3, p < 0.05).
Rathleff et al. [22] reported a reduced CPM effect, based
on PTTs, in PFP patients compared to controls (n=40,
percentage difference=78%, 95% CI 4-151, p<0.04).
Similarly, results showed a reduced CPM effect, based
on PDTs, in PFP patients compared to controls (n=40,

Favours non-sensitisation Favours sensitisation

percentage difference =20%, 95% CI 1-39%, p < 0.04) [22].
Rathleff et al. [44] reported no significant difference in
CPM between PFP patients compared to controls (n=65,
F(1,189)=0.39, p=0.89).

3.4.6 Temporal summation

Two studies (2 HQ [15, 22]) assessed TS by delivering 10
cuff pressure stimuli at the level of the PTT with pain
intensity rated using an electronic visual analogue scale.
Holden et al. [15] reported that the current-PFP patients
had a facilitated TS effect compared to controls (n=65,
mean difference 0.8 cm, 95% CI 0.3-1.4, p<0.01). A simi-
larly facilitated TS effect was identified in recovered-PFP
patients compared to controls (n=51, mean difference
0.7 cm, 95% CI 0.08-1.4, p < 0.05) with no significant differ-
ence between the current-PFP and recovered-PFP patients
(n=58, mean difference 0.1 cm, 95% CI —0.7 to 0.6, p=0.5)
[15]. Rathleff et al. [22] reported no significant difference in



19

Bartholomew et al.: Altered pain processing and sensitisation is evident in adults with patellofemoral pain

DE GRUYTER

9IS |e1SIp 1B 3JUBISYIP JuRdYIUSIS
ON *S]041u02 0} paledwod sjuanied d4d ul

(quy 49ddn esale)es3u0d)
1e1s1p auo pue (1ej)a3eduiad |1e) |e20] 1IN0y

[61]

S9}IS |B20] ||B JB S| dd pPasealdap Ajjuedyiusis '1 AN — s9)Is aAl) Je AjdwoS|e ainssaid Suisn sjdd 1 910¢ ‘0)jeuizzed
(wnyndeunal
9}IS wnjnaeullal |e1aie)] ‘ejajed |eajuad) S9Is OM) Je
|e13]e] 1B 92UBIDYIP Jued1IuSIS ON *S)0J1U0d SJUBWR)1JOUOW UIDISUIBM-SAWWS Sulsn s|dl ¢
0] patedwod sjuaned d4d ul 911s ejjaied (moq)a jo ajApuodida
]eljuad ay3 je s|gl paseatoul Ajjuedyiusis 'z Jesaie] JySu) |eISIp auo pue (wnjndeual
S1043u0 0} pasedwod syuaijed |eaie) ‘ejjajed Jo 243udd) |BIO] OM] — SB)IS
d4d Ul S91Is ||e 1B S1dd paseasdap Ajjueoyiusis 1 AN 991y} 1e Anjowos)e aunssaid Suisn sidd ‘T [81] 910T ‘usiysoN
9IS snjoa)jew
Jelpaw Je 9duaiaip Juedyiusis oy ‘sjualjed (snjoajew jeipaw pue e)jaled) Ajjelale)iq
d4d Jo 93wy |njuted-uou 03 patedwod sauy $91IS 0M] Je J9}aWeIqIA pjaypuey e Suisn sJaA "€
1njured ui sjgA paseatoul Ajjuedyiusis ¢ (Ajes1e1RIIUOD B)IS BWES pUB d3UY| JO
S1043u03 0} pasedwod syuanjed d4d ul s1dd eale |njuled Jsow) Sa}is oM} Je Sujjsajowlay)
paseasdap Ajjuedyiusis *s1043u0d 03 pasedwod payjoau0d-193ndwod Suisn (13D ‘Lam) SLayl ‘¢
sjuaiyed d4d ul SLaM pasealdul Ajpuedyiusis gz (Anessiejesjuod
$1043u0 0} pasedwod 9}IS dWeS pue Iauy| Jo eale |njuled Jsow) S9)IS
sjuaied d4d ul s1aL paseasoul Ajjuedyyiusis 1 AN oM} Je sjuawe)ijouow Aau4 uoAa Suisnsiql ‘T [£1]1800T ‘uasus(
(Ales1e RIIUOD B)IS SWES pUB d3UY| JO
s1043u03 0} pasedwod syuanjed d4d ui s1dd eale |njuled jsow) Sa}is oM} Je Sulisajoway)
paseasdul Ajjuednyiusis *s)013uod 0} pasedwod payosu0d-193ndwod Suisn (14D LAM) S1ayl ‘¢
sjuaized d4d ul SLAM pasealdul Ajpuedyiusis g (Anessrejesyuod
$1043u0 0} pasedwod 9IS dWeS pue Iauy| Jo eale |njuled Jsow) S9)IS
sjuaiied d4d ul s1alL paseasoul Ajjuediyiusis 1 AN oM} Je sjuawe)ijouow Aau4 uoAa Suisnsiql 1 [91] £00T ‘uasus(
$]1043u02 0} pasedwod
sjuanjed d4d-paian0dal pue d4d-jusnind
410q ul }29)J9 S| paseasoul Ajjuedyiusis ¢
sjuaned
d4d-pa1an0dal 0} pasedwod sjuaijed d4d
-Jua.1Ind ul 393443 WdD pasealdap Ajuedyiusis $9] 1amo) 0}
*sjo043u00 03 pasedwod syusijed d4d A1i3owoS)e ynd pajjoljuod-1aandwod Suisn g ¢ (31Apuodida Jess)e)
-JUS.1INd Ul WdD Ul 9dUI3IPp Juedyiusis oN ' snjnwijs Suunp pue |eJ9)elRI]U0D) |RISIP BUO pUB (10LI)UE Sljelq)
$1043u02 0} pasedwod 910J9q papJ0Ial | |d Pue |dd 44nd ur asuey) Jetaie)isdi ‘ejajed Jo a13udd) |BI0] OM] — SBYIS
sjuaiyed d4d ul Sidd paseatdsp Ajjueayiusis ' 1 ‘wJe 0} ured paanpul-ynd Aq payoaosd WdD ‘T 994y} je Aljowos)e ainssaid Suisn sidd 1 [$1] 810 ‘usapioH
(toua3ue SieIqn
|elale|eljuod) |eIsip auo pue (Jouajue sieiqi
51043u02 0] pasedwod sjuaijed Jesaieyisdl auo ‘rejjarediiad inoy) |eI0] DAL [z€]
d4d Ul S1dd ul @uaiagip Juediiusis oN °T AN - s9)s xIs e AijowoS)e ainssaid Suisn sjdd 'T 610¢C ‘Mawojoylieg
Arewwns synsay S3INSEIW UOIJESI}ISUIS |eljud) sainseaw uojjesiyisuas jeraydusd 1eaA ‘Joyine Arewnd

*Apnis yoea Jo sSulpuly ulely :gajqey



DE GRUYTER

Bartholomew et al.: Altered pain processing and sensitisation is evident in adults with patellofemoral pain

20

*P1OYSaIY} UO1IBIBP UOHBIGIA= [ A P]OYSDIY} UOI}IBIBP P10I =] (@D ‘PIOYSIY} UOIFIDIBP YIwiem=| M ‘PIOYSIY} UOIIIRIAP |eWIdY} =YL ‘PIOYSDIy} UOI}IRIAP 3)130B}=] ] ‘UoleWWNS
Jelodwal =g ‘pjoysaly} aduela)o} ujed =] |4 ‘pjoysaiy} uoi3dalap uied =] qd ‘uoneynpow ujed pauol}ipuod =\dd ‘uled jerowajo)jated =d4d ‘papiodal jou=yN ‘pjoysaiy} uted ainssaid = dd

s]0J3u0) 03 pasedwod sjuaijed

ddd u1 Sa1ISs e Je S| dd paseatdap Ajjueayiusis 1
s10J3u0 0} pasedwod sjuaijed

ddd Ul WdD Ul 92UBJalIp Jud}JIUSIS ON T
S1043u03 0} pasedwod syuaijed

ddd Ul S1dd ul uaiayip Juedljiugis oN 'T
S]0J3u0) 0} patedwod

sjuaijed d4d Ul S1 ul dudlayip Juedyiusis oN ‘€
s)0J3u09 0} pasedwod sjuaijed

ddd Ul WdD Ul 8IUdJajIp JuRd}IUSIS ON T
S]1043u03 0} pasedwod syuanjed

ddd ul says Jje Je sidd paseadap Ajuedyusis 1

s)0J3u0d 0} pasedwod sjuaijed
d4d Ul Sa1IS ||B 18 S| dd paseasdap Ajpuedyiusis 1

s]1043u02 0} pasedwod syuaijed
d4d ul says J|e Je s|dd paseadap Ajjuedyusis 1

dN

snjnwiis Jaye
pue 210j2q papi0dal | dd ul aSuey) "puey
JO uoisiawwi J1a3em p)od Aq pasoroid WdD *C

89) 1amo) 0}
A13pwo8)e Jynd pajjosuod-193ndwod Suisn g €
snnwiis Sulnp pue
910J2q paplodal ] |d pue 1dd 44nd ui asuey)
‘wue 0} ured pasnpul-ynd Aq pavonoid NdD '

AN

dN

(wiealo)

J0 }JBeYSPIW |BI3}R)0SIOP |BIS}RIRIIUOD ‘DaUY

|el931e|elju0d uo 93}IS SWES) |BISIp OM] pue

(93uyy jo ease njuied Jsow) |BIO] BUO — SBYIS
991y} je Aijpwos)e ainssaid Suisn sjdd ‘T

(moq)a jo a)Apuodida |eiale)

|elale|eijuod) |eIsip auo pue (1ouajue sieiqi

Jesaieyisd ‘ejjaled jesjuad) |BI0) OM) — SIS
991y} 1e Anjswos)e ainssaid Suisn sidd 'T

(moq)a jo a)Apuodids |eiale]
]eJ9)elRI]U0D) |RISIP BUO PUE (10LI3)UE SIjelq)
Jesaieyisd] ‘ejjaied jesjuad) |BI0) OM) — SIS
93y} je AipowoSe ainssaid Suisn sidd ‘1
(doud1URE SIjRIqN
Jesaie)isdl auo “iejjaieduiad inoy) Ajjeao)
SIS 9Al} Je AljpwoS)e ainssaid Suisn sidd 1
(qui) s9ddn jesale)esiuod)
ajowsal auo pue (Jej)aleduiad 1e) |e20) Inoy
- 59)Is aAl} Je AlowoS e ainssald Suisn sidd ' T

[ez]810C
‘UaplIaH 4ap uea

[7%7] £10T ‘Palyrey

[2Z] 910T ‘Walyiey

[1Z] €T0T ‘Waryiey

[oz]
/10T ‘oneuizzed

Atewuwns sjnsay

Salnseaw uoljes

sainseaw uoijesiyisuas jesayduad

1eah “1oyine Arewnid

(Panunuod) § a)qey



DE GRUYTER

TS between the PFP patients compared to controls (n =40,
mean difference 0.9 cm, 95% CI -0.5 to 2.3, p=0.15).

3.5 Relationship between pressure pain
thresholds and sex

Three studies (3 HQ [23, 31, 44]) included mixed sex partic-
ipants measuring local and distal PPTs. Results from these
studies were pooled for PFP patients vs. controls (Fig. 5)
and female vs. male PFP patients (Fig. 6).

Moderate evidence (3 HQ [23, 31, 44]) indicates no
significant difference in PPTs locally (n=222; SMD -0.14,
95% CI —0.92 to 0.64; p=0.72; I*=86%, p=0.0007) or dis-
tally (n=222; SMD -0.12, 95% CI -0.51 to 0.27; p=0.56;
?=48%, p=0.15) in the mixed sex PFP patients compared
to controls. The overall effect also indicates no significant
difference (n=222; SMD 0.13, 95% CI -0.52 to 0.26; p = 0.51;
2=74%, p=0.002).

Bartholomew et al.: Altered pain processing and sensitisation is evident in adults with patellofemoral pain =— 21

Moderate evidence (3 HQ [23, 31, 44]) indicates no
significant difference in PPTs locally (n=91; SMD -0.85,
95% CI -1.72 to 0.01; p=0.05; I>*=62%, p=0.07) or distally
(n=91; SMD -0.59, 95% CI -1.62 to 0.43; p=0.26; 2’=74%,
p=0.02) in the female compared to male PFP patients.
However, considering the overall effect, moderate evi-
dence of medium effect indicates decreased PPTs in the
female patients (n=91; SMD -0.75, 95% CI -1.34 to —0.16;
p=0.01; P=63%, p=0.02).

3.6 Relationship between pressure pain
thresholds and age

All nine studies (8 HQ [15, 19-23, 31, 44] and 1 MQ [18])
assessing local and distal PPTs provided mean ages of
patients. Meta-regression was possible to evaluate the
relationship between PPTs and age. Findings indicate a
moderate correlation between decreasing local PTTs and

Cases Controls Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
2.1.1 Local pressure pain thresholds
van der Heijden, 2018 38.5 15.3 64 50.7 14.6 70 19.6% -0.81[-1.17, -0.46] e S—
Rathleff, 2017 427 206 33 436 152 32 17.1%  -0.05[-0.54, 0.44] e —
Bartholomew, 2019 52.7 21.3 13 39.5 22.7 20 13.0% 0.58 [-0.13, 1.29] -
Subtotal (95% C1) 110 122 49.8% -0.14 [-0.92, 0.64] e ———
Heterogeneity: Tau? = 0.40; Chi® = 14.48, df = 2 (p = 0.0007); I* = 86%
Test for overall effect: Z = 0.36 (p = 0.72)
2.1.2 Distal pressure pain thresholds
van der Heijden, 2018 496 13.9 64 552 146 70 19.8% -0.39[-0.73,-0.05] I
Rathleff, 2017 282 98.9 33 285 108 32 17.1% -0.03 [-0.51, 0.46] . EE—
Bartholomew, 2019 48.1 17.6 13 41.5 20.8 20 13.2% 0.33 [-0.38, 1.03]
Subtotal (95% Cl) 110 122 50.2% -0.12 [-0.51, 0.27] ol
Heterogeneity: Tau® = 0.06; Chi® = 3.82, df = 2 (p= 0.15); I* = 48%
Test for overall effect: Z = 0.59 (p = 0.56)

Total (95% CI) 220 244 100.0%
Heterogeneity: Tau? = 0.17; Chi® = 19.46, df = 5 (p= 0.002); I = 74%
Test for overall effect: Z = 0.67 (p = 0.51)

Test for subgroup differences: Chi? = 0,00, df = 1 (p = 0.96), I = 0%

Fig.5: Meta-analysis pressure pain thresholds in mixed sex studies.

-0.13 [-0.52, 0.26]

—

-1 -0.5 0 0.5 1
Favours sensitisation Favours non-sensitisation

Female cases Males cases Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
2.2.1 Local pressure pain thresholds
van der Heijden, 2018 33.2 10 21 506 15.7 23 21.1% -1.29[-1.94, -0.63] —_—
Rathleff, 2017 403.2 1424 24 608.8 229 10 18.8% -1.17[-1.97,-0.3§] s —
Bartholomew, 2019 55 19.8 11 399 341 2 9.8% 0.65 [-0.88, 2.19]
Subtotal (95% CI) 56 35 496% -0.85[-1.72,0.01] == T
Heterogeneity: Tau® = 0.35; Chi* = 5.31, df = 2 (p= 0.07); I = 62%
Test for overall effect: Z = 1.93 (p= 0.05)
2.2.2 Distal pressure pain thresholds
van der Heijden, 2018 42.6 9.7 21 586 117 23 20.8% -1.46[-2.13,-0.7§] _—
Rathleff, 2017 2759 96.8 24 307 111.2 10 19.6%  -0.30 [-1.04, 0.44] —_—
Bartholomew, 2019 49.3 19 11 41.7 0.424 2 9.9% 0.39[-1.13, 1.91]
Subtotal (95% CI) 56 35 504% -0.59 [-1.62,0.43] e ——
Heterogeneity: Tau® = 0.58; Chi® = 7.76, df = 2 (p= 0.02); I’ = 74%
Test for overall effect: Z = 1.13 (p= 0.26)
Total (95% CI) 112 70 100.0% -0.75[-1.34, -0.16] =
Heterogeneity: Tau® = 0.32; Chi® = 13.59, df = 5 (p = 0.02); I* = 63% _’2 -{1 i é

Test for overall effect: Z = 2.48 (p= 0.01)
Test for subgroup differences: Chi® = 0.14, df = 1 (p = 0.70), I* = 0%

Females more sensitised Males more sensitised

Fig. 6: Meta-analysis pressure pain thresholds in female cases compared to male cases in mixed sex studies.
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Fig. 7: Meta-regression scatterplot of local pressure pain
thresholds and age.
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Fig. 8: Meta-regression scatterplot of distal pressure pain
thresholds and age.

decreasing patient age (R?>=0.556, f =-3.90, 95% CI -6.40
to —-1.40, p=0.0211) (Fig. 7). Similarly, findings indicate a
moderate correlation between decreasing distal PTTs and
decreasing patient age (R?=0.491, B=-2.63, 95% CI —4.54
to —0.728, p=0.0354) (Fig. 8).

3.7 Relationship between pressure pain
thresholds and symptom duration

All nine studies (8 HQ [15, 19-23, 31, 44] and 1 MQ [18])
assessing local and distal PPTs provided mean symptom
durations of patients. Meta-regression analysis was pos-
sible to evaluate the relationship between PPTs and
symptom duration. No significant association was identi-
fied between local pressure pain sensitivity and symptom
duration (R?=0.170, B=-0.323, 95% CI -1.41 to 0.759,
p=0.270) (Fig. 9). No significant association was identi-
fied between distal pressure pain sensitivity and symptom
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Fig. 9: Meta-regression scatterplot of local pressure pain
thresholds and symptom duration.
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Fig. 10: Meta-regression scatterplot of distal pressure pain
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duration (R*=0.092, B=-0.318, 95% CI -1.12 to 0.484,
p=0.428) (Fig. 10).

4 Discussion

This systematic review synthesises existing evidence from
11 studies investigating pain processing in PFP [15-23, 32,
44]. Findings addressed the primary aim, presenting mod-
erate evidence to suggest altered pain processing and sen-
sitisation, in agreement with current level one evidence
that reported similar manifestations of pain sensitisation
in other painful knee conditions including PFP, knee oste-
oarthritis, patellar tendinopathy and post-meniscectomy
[28, 31]. Using meta-regression, the secondary aims were
explored, indicating reduced PPTs in female patients with
a correlation between decreasing PPTs and decreasing
patient age.
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4.1 Quantitative sensory testing measures

4.1.1 Pressure pain thresholds

The most robust evidence generated by this review is for
pressure pain sensitivity providing moderate evidence
for decreased local and distal PPTs in PFP patients com-
pared to controls. This suggests the presence of wide-
spread hyperalgesia which has been postulated to be the
underlying reason for the longevity associated with PFP
and other persistent pain conditions [17, 45]. Widespread
hyperalgesia is common in other painful knee disorders
and indicates an upregulation of the patient’s nervous
system beyond the painful area in isolation [28, 31].

4.1.2 Tactile detection thresholds

Similarly, we found moderate evidence for increased
tactile detection thresholds in PFP patients compared to
controls, indicating a reduced sensitivity to touch. It is
thought that skin mechanoreceptors provide information
about skin strain patterns induced by various joint posi-
tions, which can be used by the central nervous system
to determine proprioception and joint movement [46-48].
Jensen et al. hypothesized that the cause of abnormal pro-
prioception and disturbed muscle recruitment in some
patients with PFP may be due to a dysfunction in mecha-
noreceptors which is possibly reflected in tactile detection
thresholds [16, 49, 50]. Interventions that aim to address
proprioceptive deficits, such as proprioceptive neuromus-
cular facilitation [51], have reported efficacy within the
PFP population, and plausibly have these positive effects
through modification of this pain mechanism.

4.1.3 Thermal detection thresholds

Results found moderate evidence for increased WDTs but
no significant difference for CDTs in PFP patients compared
to controls. Other reviews have found no evidence of signif-
icant thermal sensitivity in similar painful knee conditions
[28, 31]. With just two studies reporting thermal detection
thresholds, the extent to which thermal sensitivity contrib-
utes to the persistence of PFP is not well explored.

4.1.4 Vibration detection thresholds

One study found increased vibration detection thresh-
olds on the painful compared to contralateral knee of
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PFP patients [17]. With no comparable control group this
provides little insight as to whether vibration detection
thresholds are altered in PFP patients with future studies
required.

4.1.5 Conditioned pain modulation

Findings regarding CPM differed, with Holden et al. [15]
and Rathleff et al. [44] finding no between-group dif-
ference but Rathleff et al. [22] finding a reduced CPM
response in PFP patients compared to controls. This may
be explained by the methodological variation used to
evoke a conditioning stimulus with Holden et al. [15] and
Rathleff et al. [22] using cuff algometry and Rathleff et al.
[44] using cold water immersion. These variations mean
the studies are not easily comparable and highlight the
need to standardise methods of CPM assessment. Alterna-
tively, this inconsistency may suggest a variable presence
of impaired CPM amongst PFP patients which has been
indicated in other painful knee conditions [31, 52]. Inter-
estingly, Holden et al. [15] reported a more efficient CPM
response in recovered-PFP patients compared to current-
PFP patients. This was proposed to be potentially protec-
tive acting as a “buffer” against pain.

4.1.6 Temporal summation

Like CPM, findings regarding TS were not consistent, with
Holden et al. [15] reporting an increased facilitation of TS
in PFP patients compared to controls but Rathleff et al.
[22] reporting no between-group difference. Remarkably,
both studies recruited participants from the same popu-
lation-based cohort (APA2011). With central pain mecha-
nisms reported to worsen with increasing pain duration
[15, 53], one reason for the differing findings may be the
longer symptom duration in patients of Holden et al.’s
study (median difference 2 years; Holden median 8 years,
IQR 7-10; Rathleff et al. median 6 years, IQR 4.5-7) [15,
22]. Holden et al. also noted a similarly facilitated TS
effect in current-PFP and recovered-PFP patients [15].
This suggests that features of central sensitisation may
remain after treatment and symptom recovery, postulated
to be due to the involvement of neuroplasticity of central
pain mechanisms during pain-free periods [15]. This may
explain why in other recurrent pain conditions, such as
lower back pain [54] and musculoskeletal pain [52, 55],
a history of pain is associated with an increased risk of
new pain episodes [15]. With many studies reporting
increased facilitation of TS in knee osteoarthritis [56—59]
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it is likely that further research exploring TS in PFP may
prove insightful.

4.2 Relationship between pressure pain
thresholds and sex

With the prevalence of PFP twice as high in females com-
pared to males [60], past research has often focused on
females. Out of the nine studies assessing PPTs, just three
studies recruited both female and male participants [23,
32, 44], with the remaining six studies recruiting female
participants only [15, 18-22]. Interestingly, the mixed
sex studies reported the lowest effect sizes, with two
studies finding no significant difference in local or distal
pressure pain thresholds in the PFP cases compared to
controls [32, 44]. When data from these studies were
pooled, this was confirmed, with the overall effect indi-
cating no significant difference between the two groups.
Extraction of PPT scores for female and male patients
separately indicates an overall effect of reduced pressure
pain thresholds in the female patients, hence increased
pain sensitivity. Females with knee osteoarthritis are
well documented to experience greater pain sensitivity
to painful stimuli such as pressure pain thresholds when
compared to male populations [61-63], with evidence
suggesting less efficient endogenous pain mechanisms
in females [64]. Certainly, further research to explore this
potential link between increased pain sensitivity and sex
is required to confirm findings and provide a more robust
evidence base.

4.3 Relationship between pressure pain
thresholds and age

A significant association was identified between decreas-
ing PPTs and decreasing patient age, suggesting younger
patients are more likely to experience pressure pain
sensitivity. Evidence suggests that childhood and ado-
lescence are critical periods where pain experience can
prime nociceptors inducing long-lasting effects not seen
amongst adults [65]. Consequently, pain sensitivity may
be age dependent and amplified in a younger population
[21, 22]. These findings further highlight the importance of
effectively managing this common pain complaint within
younger populations possibly to include components
aimed at therapeutic neuroscience education [19] with
involvement of the full multidisciplinary team to guide
appropriate pain management interventions [66].
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4.4 Relationship between pressure pain
thresholds and symptom duration

No significant association was identified between pressure
pain sensitivity and symptom duration. This remains in
common with literature which reports symptom duration to
be both positively and negatively associated with manifes-
tations of hyperalgesia [21, 57]. Furthermore, the time taken
to develop hyperalgesia varies greatly between conditions,
for example, 1 month in whiplash [67] vs. 5 years in rheu-
matoid arthritis, but this time remains unclear in PFP.

4.5 Limitations and future research
directions

This review is not without limitations, which must be
considered when interpreting the results. Due to meth-
odological heterogeneity and limited number of studies
assessing pain processing in PFP, meta-analysis was not
possible for all sensitisation measures. I? values were
consistently high indicating significant heterogeneity
between studies, however, a random effects model was
used to help account for this. Due to a lack of available
evidence, meta-analysis of tactile and thermal detection
thresholds involved only several studies resulting in a
high risk of bias and reduced methodological quality.
The Downs and Black methodological quality assessment
identified nine HQ studies [15, 17, 19-23, 32, 44] and two
MQ studies [16, 18]. One common reason for methodo-
logical compromise was a lack of detail concerning the
population characteristics which may introduce the risk
of population bias. Furthermore, only four studies blinded
the assessor during group assignment increasing the risk
of detection bias [15, 20, 22, 44]. But despite these sugges-
tions of bias, no study scored less than 50% during quality
assessment requiring exclusion from subsequent analy-
sis. However, there is no formally accepted quality assess-
ment tool recommended for systematic reviews. Whilst
Down and Black is a validated and widely used checklist,
it is possible that using alternative tools may have gener-
ated different levels of evidence. PFP diagnostic checklist
scores varied, ranging from 3/7 [23] to 7/7 points [16, 17, 19,
20], indicating large heterogeneity in the definition of PFP.
Ensuring that the diagnostic approach is more uniform in
future studies would be advisable to avoid the possibility
of confounding pathologies. Furthermore, with sensitisa-
tion identified as a contributing factor, further research to
consider whether manifestations of sensitisation are asso-
ciated with treatment or prognosis may prove insightful to
guide management approaches.



DE GRUYTER

4.6 Conclusion

This systematic review presents moderate evidence to
suggest the presence of altered pain processing and sen-
sitisation in patients with PFP. Results indicate decreased
PPTs, increased tactile detection thresholds and increased
WDTs in PFP patients compared to controls. Furthermore,
PPTs were found to be reduced in female patients with
a correlation between decreasing PPTs and decreasing
patient age. Although the exact aetiology of PFP remains
elusive it is plausible that a combination of biomechanical
and neuropathic dysfunction is responsible, possibly with
the neuropathic elements contributing to the chronicity
of PFP. With female patients and younger patients identi-
fied as being more likely to experience increased pressure
pain sensitivity, this population may benefit most from a
more targeted management approach incorporating com-
ponents aimed specifically at neuropathic pain, including
neuroscience education.
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