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ABSTRACT

Adolescent knee pain has a propensity for chronisitipacting physical activity and health
into adulthood. The aim of this study is to invgate prognostic factors in adolescents with
knee pain using Individual Participant Data (IPD9tazanalysis. Studies were identified
through a systematic search and a collaborativepgid@/e included IPD from prospective
studies of adolescents (age 10 - 19 years) withtrammatic knee pain (13 studies and 1516
adolescents with 1281 unique participants). Prinoaitgomes were pain intensity and
function (Knee Injury and Osteoarthritis Outcome1®c'Sport/Rec" subscale). Primary
endpoint was 12-months. Risk of bias was apprassgdQuality in Prognosis Studies tool.
Harmonised IPD was analysed by multi-level modgllififty-one percent reported knee
pain after 12-months. Lower baseline pain frequamay associated with lower pain intensity

at 12-months (‘less-than weekly’; 12 (95%CI 7 tg &id ‘monthly’; 15 (95%CI 9 to 22)



points lower on a 100-point pain scale, comparedliost daily pain’). Other factors most
strongly associated with one-year pain prognosie\wever quality of life (30, 95%CI 19 to
42 points per unit change in EQ5D index score) dlersex (8 points, 95%CI 4 to 12 higher
compared to males), and bilateral pain (7, 95%€ 13 points higher pain). Similar factors
were associated with function. Body mass index) pansitivity and knee strength were not
associated with prognosis of pain or function. Adoknt knee pain is associated with
clinically relevant long-term pain and functiona&figits. Self-reported characteristics may

help identify those at risk of poor prognosis.

Keywords: Pain; Musculoskeletal, outcomes; adolaisce

Introduction

Knee and back pain are especially common muscuktskelisorders among adolescents [8;
12; 15; 16; 27]. Chronic musculoskeletal pain dgtimis critical developmental period can
have lifelong individual and societal impacts[38pn-traumatic knee pain accounts for the
majority of adolescent knee pain[27], and is asged with decreased physical activity and
quality of life. The most common knee conditionsdolescents are non-traumatic, such as
patellofemoral pain and Osgood-Schlatter Diseasednterior knee pain)[6; 22]. Adolescent
anterior knee pain has a high propensity for cluionilong term impact and potential
susceptibility to future pain. It appears that he&0% of adolescents with knee pain may
continue to experience knee pain into early adoldfi@1]. Determining the longer-term
outcomes and factors associated with worse outcomagssupport clinicians in targeting

appropriate treatments and resources.



Prognostic research requires large numbers ofratreeeded which are currently lacking in
single cohorts of anterior knee pain among adotdésc&ystematic reviews have tried to
synthesize the literature in this population [E3pwever, meta-analyses were precluded for
many prognostic factors. Meta-analysis of progmdsittors is notoriously difficult, due to
heterogeneity in primary study reports, such assereaent of variables and analysis
strategies [1]. Additionally, despite many prosperstudies on adolescent knee pain, few
evaluate prognostic factors for non-traumatic kpae[14]. Individual Participant Data

(IPD) meta-analysis overcomes these issues asnmsetect and harmonise prognostic
factors and outcomes across studies at the indivghrticipant level to evaluate prognostic
factors in all prospective studies on the topitisTprovides opportunity to answer questions
on expected prognosis and prognostic factors wiimhid be impossible with standard meta-

analysis.

The aim of this study is to identify prognostictars in prospective studies of adolescents
with non-traumatic knee pain that are associateéd pain and physical function in the short

(3-months) and long term (12-months).

Methods

Study Design

This study is designed as an IPD meta-analysigofopol was registered on the
international prospective register of systematicews: PROSPERO (www.crd.
york.ac.uk/prospero/), number CRD42019116861 whdtgl protocol with tracked and
dated revisions is available for download. Repgrtollows the PRISMA-IPD

guidelines[36].



Deviations from protocol

The original protocol was uploaded to PROSPEROr poidveginning this study. Prior to data
analysis, we decided to pool studies for a spepifognostic factor outcome relation only if
data were available from a minimum of three studidéss was done to minimise the number
of analyses with small study numbers and becausira effects models are more reliable
with a larger number of clusters. This deviatiorswlacumented in the update of

PROSPERO (which changes dated and marked in theloaded protocol).

Patient and Public Invol vement

Patients were involved in the aims, design and eohdf this research. Priority of the
research question is informed by our patient adyigooup (comprised of youth who have
lived with adolescent knee pain) who have proviggdit into the program of research on
adolescent knee pain. Through this engagemengsthighlighted that the lack of clear
information on prognosis is frustrating due to toaflicting information they receive when
seeking help. One of the important questions tomtlgeif and when they could expect to
recover from their knee pain. During the desigthefstudy, a series of interviews were
undertaken with school children with knee pain @,#parents (N=1) and school teachers
(N=3), physiotherapist (N=1) and general practgioN=1). These engagements were
intended to qualify the research question beingésind to inform us of which prognostic
factors they believed could be important. The wigaws all consisted of semi-structured
single-person interviews. The key points from theserviews were that stakeholders
considered too much physical activity/exercisesi{gnpresence of pain), physical inactivity,
lack of social support from parents, high body madsx (BMI), and psychological health

important for long-term prognosis. These were idelliin prognostic factors of interest, and



incorporated into the data requested from original authors in order to test their
associations with outcomes where possible. In@addr, we selected item five from the
health-related quality of life scale used in matudees to examine psychological health as an
prognostic factor (outlined below). Patients wil@abe involved in developing the

dissemination strategy of this study.

| dentification of studies

To determine the possibility of undertaking an IR, first contacted established research
groups focusing on adolescent knee pain and exipettie fields in order to identify data
availability, setup a collaborative group of resdars who were willing to share IPD and

collectively identify additional cohorts or treatniestudies in the field.

Systematic search

To ensure all relevant studies were identified algfoour collaborative network, we
conducted a systematic search for systematic revigwadolescent knee pain. The following
bibliographic databases were searched: Medlin®ul@Med, EMBASE and Cinahl via
EBSCOhost from 1998- November 2019. The full seatcdtegy is available in Appendix 1

(available at http://links.lww.com/PAIN/B256).



Hand-searching
Reference lists of relevant reports were hand kedrand forward citation tracking for

potentially relevant studies that were not ideatfby our search.

Selection of studies

Potentially eligible articles were independentlyesmed by title and abstract by two authors
(SH and MSR). Articles selected for full-text sargwy or identified through network & hand
searching were assessed by both authors. Consgasugsached through documentation of

reasons and discussion. A third reviewer (MW) wasglable in case of disagreements.

Inclusion criteriafor studies

Type of studies

Prospective studies (including both controlledi$rend prospective cohort studies) were
considered eligible for inclusion. A minimum follewp of 6-weeks was required. We
included studies with any type of treatment (otneatment, i.e. wait-and-see). Studies with a
minimum of 20 adolescents with non-traumatic kna@ gvere eligible in order to reduce the
risk of small-study bias. The selection of this mmam number of participants was arbitrary.
Both published and unpublished studies were ekgiptovided a full text report or protocol
was available. In order to optimize likelihood tmmntacting authors and IPD availability, we
limited studies to those which have b@empleted since 1998 (i.e. in the past 20 years, with
studies prior to this excluded). We included report publications in English, German,

Dutch, Scandinavian languages, French, Spanidialcn.



Type of Population

We included adolescents (aged 10 - 19 years) dfdither sex with non-traumatic knee

pain. All types of studies examining non-traumé&tee pain were eligible regardless of
geographical location. All types of non-traumatiek pain were eligible to be included
(such as patellofemoral pain, patellar tendinopaf’sgood Schlatter disease) and
unspecified knee pain with non-traumatic onsetdi&giexamining knee conditions with a
specific traumatic onset (e.g. anterior cruciaarnent injury, meniscus lesions) were
excluded. Non-musculoskeletal conditions (e.g.esy#t conditions, cancer, and autoimmune
such as juvenile arthritis) were also excluded.

Inclusion criteria was applied within selected cadia.e. studies including a wider population

of adolescents and adults were considered eligmoleclusion.

Type of prognostic factor

To be included, studies were required at a mininhmmclude prognostic factors relating to
demographic information (sex and age). Other preiadactors of interest included
sociodemographic variables, pain characteristeg;iological characteristics, and health

behaviours (detailed below under ‘Obtaining the dRiDa’).

Outcomes and endpoints

Prognosis refers broadly to the course of condifi@ expectations on
improvements/worsening/stability of symptoms andioctional limitations). For this study,
prognosis was based on pain (the primary complairthis population) and sports-related
function. The presence of pain, higher pain integsand lower function/larger impairments

in sports related function were considered pooregiosis.



Therefore, the main outcome measures selectedatttiuthis were pain intensity (assessed
using visual analogue scales (VAS); numeric pdimgescales (NPRS)), and presence of
pain at follow-up (yes/no); we pre-specified theafiselection for the primary analysis was to
be made based on the outcome included in mostesttmlioptimise data availability.
Secondary outcome of interest was self-reportedipalfunction evaluated by the Knee
Osteoarthritis Outcome Score (KOOS) Sport/Rec salbesThe main endpoint of interest
was long-term (closest to 12 months). Short tedosgst to 3 months) was an additional

endpoint of interest.

Obtaining the | PD data

Approaching trial authors and invitation to join collaborative group

Personal emails were sent to authors of eligihldies between June 2018 and June 20109.
Corresponding authorgere asked to share their data, and to participates ‘Adolescent

knee health group’, on behalf of whom the IPD wadatddpublished. If the corresponding
author could not be reached, other authors wertactad. We sent email reminders (3
attempts) with a 2-week interval in case authorddaot be reached. If authors agreed to
participate in the ‘Adolescent knee health groapdata processing agreement was signed by

the investigators of the IPD (SH/ MSR) and theioagtrial investigators.

Data requested:

The data requested was based on our previousiynedithpproach for identifying relevant
prognostic factors and included (when available):

Baseline measures (prognostic factors):

Prognostic factors of primary interest were:

\o]



1. Sociodemographic variables including age, sex,Hieweight or BMI, body
composition, pubertal status, baseline physicaigctind/or sports participation,
socioeconomic status (parental education and holgeicome), health related
quality of life, and parental pain complaints.

2. Pain characteristics including diagnosis (if spedif, pain intensity, pain
duration, pain sensitivity, physical function (se¢ported and objective measures)
pain impact, and pain locations (including bilatgrain and multi-site pain).

3. Psychological factors (e.g. anxiety, depressiomata@ symptoms and
externalizing behaviours)

4. Adverse health behaviours such as smoking, alcahnal sleep.

Outcome measures:
1. All available data on self-report pain (presence iatensity), and physical function

data at time-points nearest to 3 months and 12msont

Data transfer and storage

Data was requested and shared in an anonymisedtftinough an encrypted service and
stored on a secure encrypted server at Aalborgddsity, Aalborg, Denmark to which only
the first and last author had access to. Data weepded in all formats (including Microsoft
Excel, SPSS, Stata, SAS and other statistical soff)aproviding the data were clearly
labelled and in wide-format. Any data labels noEmglish or Danish were transferred to a
blank excel sheet and translated by an individuaint in the native language and checked
for correct interpretation with original trial aath Any further queries regarding the data

were handled by the first author (SH) directly wttle original trial author.
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Data har monisation and checking

After acquisition of data, data from individual datets were relabelled and recoded to ensure
consistency between data formats to enable podfogexample, physical activity was
measured in different ways, and being sports agta® defined as participating in sport at
least once per week, or responding ‘yes’ to whetiney played sport. Data integrity of the
individual patient data was checked by undertakimmgpleteness and consistency checks on
individual participant data to identify missingiaralid (e.g. out of range) items. Missing
information or inconsistencies were checked antifiett as necessary. For the analysis, pain
intensity measured on NRS (0-10) and VAS (0-100eve®nverted to 100-point scales to

enable pooling and comparison with KOOS.

Data extraction at the study level

Data was independently extracted at the study leyeine reviewer and cross-checked by a
second using an a-priori standardised extracbom ffollowing applicable items of the
CHeckilist for critical Appraisal and data extraatior systematic Reviews of prediction
Modelling Studies (CHARMS)[19]. The data that wesdracted included publication details,
eligibility criteria, population, outcomes, potaltprognostic variables, interventions (if

applicable), sample size, response rates and myidsia.

Risk of bias assessment in individual studies

Risk of bias was appraised with a modified versibthe Quality In Prognosis Studies
(QUIPS) tool[11]. We did not assess the last twmdims of the QUIPS, as these are related
to the statistical analysis conducted in the oabstudy as by using IPD we overcome the
limitations in original studies analyses. Additilgamany studies did not examine the

relation between prognostic factors and outcomeo flegearchers independently appraised

11



each original study following the QUIPS. We focusedthe major domains of bias that are
related to data collection/measurement (i.e. seledtias (participant selection), attrition bias
(study attrition), misclassification bias (prognostariable measurement), and detection bias
(outcome measurement) only. The rating was dongotimstudy-level and on the individual
prognostic factor and outcome association. If ageyd was not reached, a third author was

available to make the final decision.

Statistical analysis

Changes in pain and function over follow-up

Growth curve models were used to investigate winelfeze were nonlinear changes in pain
and over time. Both linear and quadratic componfemtsme were included in the model.
The linear slope was allowed to vary between sgydiat the quadratic was not (due to the
limited number of parameters that could be estichatéh three time-points).

Prognostic factors

Data were analysed using the one-step approadRig4; 7] . For each prognostic factor of
interest, we fit linear mixed effects models witkefl effects for the prognostic factor,
random intercepts for each study (to account fohiwistudy clustering), and a random slope
allowing coefficients for the prognostic factorvary between studies. For the covariance
structure, separate variances were assumed foankdem intercept and random slope, and
that these were independent due the limited numi&udies per analysis. In cases of non-
convergence of the model, we excluded the randopedrom the model.

Separate regression models were fit for each paragnostic factor and outcome due to the
anticipation of heterogeneity of data availabifitym original studies, with different numbers
of studies available for each of the prognostitdaoutcome pairs. Separate models were

used for the outcomes and endpoints of interegpai@ (short and long — term), and function

12



(short and long — term). Data were pooled, and hsddeed if data were available from a
minimum of three studies. This was pre-specifietheprotocol before any data processing,
harmonisation or analyses occurred. All analyseg wadertaken in IBM SPSS Statistics
version 25 (Chicago, IL, USA). Syntax are availabl&upplementary material (Appendix 2,

available at http://links.lww.com/PAIN/B256).

Additional analyses

Pain intensity was selected for the primary analgscording to our pre-defined hierarchy
and with most studies including this variable.

Separate generalised linear mixed models with arpidistribution and logit function were
run for the primary endpoint (12months) for pairadsinary outcome, to determine the
robustness of findings across outcomes. Studi¢slitianot include pain presence as a binary
outcome were dichotomised with <2 ‘little/no paamid> 2 considered as having pain. This
was selected based on optimising sensitivity ardiipity based on studies with both NRS

and binary outcomes (data not shown).

Results

Study selection and 1 PD obtained

In total, 13 studies were included from the netwamnki systematic search (Figure 1 PRISMA
IPD Flow-chart). Characteristics of the originaldyf characteristics from which the
individual participant data originate are displaye@&upplementary Appendix 3 (available at
http://links.lww.com/PAIN/B256). The number of paipants included from original studies
ranged from 20 to 504, with a total of 1516 papits included in the original studies (1281
unique participants). Baseline characteristicsspady are outlined in Table 1, and an

overview of participant descriptives of the entiahort are displayed in Figure 2. The mean



age of participants in each cohort ranged fromolP7t years, with between 40% and 100%

of participants in the cohorts being female.

Changesin pain and function over time

At baseline, the mean pain was 57mm on a 0-100 $sfe (95% CI 49 to 64). There was a
clinically relevant linear decrease in pain ovardi(-31mm, 95% CI -38 to -23; P<0.0001).
The quadratic function exhibited a non-linear conmgra (9 95% CI 0.7 to 1.2 Figure 3

suggests an accelerated decrease in the firstittoaths.

At baseline, the mean sports-related function vBa5% CI 51 to 55). There was a linear
increase in function over time (22 95% CI 16 to.Z8)e quadratic function indicated a non-
linear component (-7 95% CI -10 to -5) (FigureRyure 3 suggests an accelerated decrease

in the first three months.

Risk of bias

The risk of bias ratings using the QUIPS tool drevén in Supplementary material

(Appendix 4, available at http://links.lww.com/PABR56).

Prognostic factor outcome relationships acrossesudere at low to moderate risk of bias

for study participation (selection bias) and outeameasurement (detection bias). Study
attrition was judged as at moderate to high riskia across studies.

Overall, individual prognostic factor outcome redaships were judged as moderate risk of
bias for the majority of associations. However,risk of bias was high for those associations

that involved prognostic factors self-reported padumation and self-reported BMI.
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Prognostic factors and association with pain and function

Supplementary Appendix 5 outlines the specific isigvith data available in each
prognostic factor & outcome relation, and studied aumbers of participants with follow-up
data included in each analysis (available at Hiitgké.lww.com/PAIN/B256). The time-
points selected for each study ‘closest to threath® (short term) and ‘closest to twelve
months’ (long-term) are outlined in Table 1. Thenter of studies per model and model fit
(indicated by Schwarz’s Bayesian Criterion; BIG3 arcluded in Supplementary Appendix 6

(available at http://links.lww.com/PAIN/B256).

Primary analysis (pain and function in thelonger term)

Sociodemographic characteristics

Pain intensity at long-term follow-up was 8 poi(@5% CI 4 to 12) higher (on a 100-point
scale) for female’s relative to males. One incread¢RQoL index score on the EQ5D was
associated with a 30 (95% CI 19 to 42) point lopen intensity at long-term follow-up.
Age, and BMI did not appear associated with paiensity at long-term follow-up (Figure

4).

For function (KOOS Sport/Rec subscale), femalestpdints (95% CI 4 to 13) lower
function at long-term follow-up. Per year increas@ge, there was a 2 point (95% Cl 1 to 4)
decrease in function at long-term follow-up. Ona@ex score better HRQoL on the EQ5D
was associated with 42 point (95% CI 20 to 64)dvdtinction. BMI was not associated with

worse function (Figure 4).



Pain characteristics

Having bilateral pain was associated with a 7 p(8686 Cl 1 to 13) higher pain intensity at
long term follow-up. Those with weekly and montplyin had a 12 (95% CI 7 to 17) and 15
(95% CI 9 to 22) points respectively decreased paensity at follow-up, relative to those
who had almost daily at baseline. For each additi@f-point increase in baseline pain
intensity there was a 2 point (95% CI 1 to 3) high&in intensity at follow-up. There was a 2
point (95% CI 1 to 3) increase in pain intensityoaiy-term follow-up per additional year of
symptoms at baseline. Pressure pain sensitivityjdidhave strong associations with pain

intensity at long-term follow-up (Figure 4).

Participants with bilateral pain at baseline, h#&d(85% CI 0 to 12) point lower function at
long-term follow-up. Per 10-point increase in basepain intensity there was a 2 (95% CI 1
to 3) point decrease in function at follow-up. Tderas also a 2 point (95% CI 1 to 3)
decrease in function at long term follow-up, pediidnal year of symptoms reported at
baseline. Patients with weekly or monthly painagddine, had 14 (95% CI 9 to 18) and 20
(95% CI 14 to 25) points respectively higher fuaotat long-term follow-up compared to
those with almost daily pain at baseline. Prespane sensitivity did not have a strong

association with function at long-term follow-updére 4).

Sports activity and objective function

There was no evidence that being sports activeobjattive knee strength was associated
with pain intensity at long-term follow-up (Figug. Being sports active was associated with

a5 (95% CI 0 to 9) point higher function at lorgrh follow-up.

16



Psychological characteristics

Participants reporting moderate anxiety/depresgwlative to none) at baseline had a 5 (95%
Cl-1to 11) point decrease in pain at follow-uprtRipants reporting moderate
anxiety/depression (relative to none) at baselaatdn 8 (95% CI 3 to 12) point decrease in

function at long-term follow-up (Figure 4).

Secondary analysis (pain and function in the short term)

Sociodemographic characteristics

Pain intensity at short-term follow-up was 5 (95% Cto 12) points higher for female’s
relative to males. One increase in HRQoL indexeoorthe EQ5D was associated with a 16
(95% CI 1 to 31) point lower pain intensity at shi@rm follow-up. There was a 1.5 (95% ClI
0 to 3) year increase in pain intensity at sharht®llow-up per year older age. BMI was not

associated with pain intensity at long-term follag{Figure 5).

For function (KOOS Sport/Rec subscale), femalesthpdints (95% CI -1 to 10) lower
function at short-term follow-up. Per year increasage, there was a 2 point (95% CI 1 to 4)
decrease in function at short term follow-up. Om#ex score better HRQoL on the EQ5D
was associated with 36 point (95% CI 25 to 47)dvdtinction at short-term follow-up. BMI
was not strongly associated with worse function&tomes in the short term (1, 95% 0 to 2-

point increase in pain per point increase in BMgure 5).
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Pain characteristics

Having bilateral pain was associated with a 6 p(8686 CI 0 to 11) higher pain intensity at
short term follow-up. For each additional 10-paimdrease in baseline pain intensity there
was a 2 point (95% CI 0 to 4) higher pain intensityollow-up. Compare to those who had
almost daily pain at baseline, those with monttdgddine pain had an 11 (95% CI -8 to 29)
point decreased pain intensity at follow-up. Thaicenot appear to be an association between
pain duration at baseline and pain intensity attsteom follow-up (Figure 4). Pressure pain
sensitivity (at both local and remote locationsswat associated with pain intensity (Figure

5).

Participants with bilateral pain at baseline, hat(85% CI 2 to 12) point lower function at
short-term follow-up. Per 10-point increase in biasepain intensity there was a 2 (95% CI 0
to 3) point decrease in function at short-termdieup. There was a 1 point (95% CI1 0 to 3)
decrease in function at long term follow-up, pediidnal year of symptoms reported at
baseline. Patients with weekly or monthly painagddine, had 7 (95% CI 2 to 13) and 1
(95% CI -4 to 24) points respectively higher fuoaotat long-term follow-up compared to

those with almost daily pain at baseline.

There was no evidence that pressure pain sengitivs associated with function in short

term (Figure 5).

Sports activity and objective function

Being sports active, (compared to not) was assatiith a 5 point (95% CI -3 to 12) lower
pain intensity at short-term follow-up. There wasavidence that objective knee strength

was associated with pain intensity at short tertoieup (Figure 5).
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Being sports active was associated with a 5 (95%2 @ 11) point higher function at short-
term follow-up, while evidence that knee strengtsvassociated with short-term function

was lacking (Figure 5).

Psychological characteristics

Participants reporting moderate anxiety/depresgwlative to none) at baseline had a 6 (95%

Cl -3 to 14) point decrease in pain at short testiow-up (figure 5).

Participants reporting moderate anxiety/depresgwlative to none) at baseline had an 9

(95% CI 2 to 15) point decrease in function at shemm follow-up (Figure 5).

Sensitivity analyses

Pain (dichotomised)

Three of the thirteen studies included IPD on pmasence as a binary variable. Two studies
included in the IPD only had outcome data availablprimary endpoint (12months) as a
dichotomous variable i.e. pain presence (yes/nd)[litese studies did not provide IPD for
pain intensity or KOOS Sport /Rec as outcomes ame \wot included in any other analyses.
Dichotomisation in the other studies was basedamsformation of pain NRS/VAS into a

dichotomous variable.

Based on this, 51% of patients were categorise@isnuing to have pain at long term
follow up. The sensitivity analysis revealed th&®bL, pain duration, remained similarly
associated with 12 months pain prognosis (SuppleangAppendix 7, available at

http://links.lww.com/PAIN/B256; Table 1). In congta sex was not associated with pain



presence (full details Supplementary Appendix 3jlable at
http://links.lww.com/PAIN/B256). There was no eunde of an association between of

sports participation or socioeconomic status (SE)ain presence at 12 months follow-up.

Other analyses

Results for the sensitivity models excluding smsalidies (N<20) are available in
Supplementary material (Appendix 7, available gi:htinks.lww.com/PAIN/B256). Due to
the small number of studies available after exolugif small studies, some of the sensitivity
analyses did not converge. The models that suaghssbnverged confirmed no major
deviations from the findings in the primary anasyssimilarly, sensitivity analyses excluding

cases of traumatic knee pain (from one study wimcluded a mixed population) revealed no

major discrepancies (Appendix 7, availablétab://links.lww.com/PAIN/B25%.

Discussion

Principal findings

This IPD meta-analysis obtained individual partcipdata from 13 individual studies,
including data from 1281 unique adolescents suffefiom knee pain. The pattern of the
observed improvements in pain and function occupradarily in the short-term, with
limited to no improvements from short to longemngclosest to 12 months). Pain
characteristics (pain frequency, bilateral pain paith duration), lower health related quality
of life and female sex were associated with a wpregnosis and were consistent across
both pain and functional outcomes. Contrary to etgi®ns from stakeholders, high BMI

was not associated with poorer prognosis.
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Explanation of findings

The largest improvement in pain occurred duringtbinee-month follow-up, with limited
improvement between 3 and 12 months. The changaann the initial phase may indicate
regression to the mean and are consistent withrteepbadult populations with chronic
musculoskeletal pain conditions[2; 10]. The us&OOS sport/rec demonstrated that this
young population continued to experience diffi@sgtivith sports and recreational activities
to a relatively high degree in the long term. Choéalinformation on the prognosis is one of

the important answers adolescents and their paneris

Our findings underline that adolescent knee paig n&ed ongoing management and not be
considered a short-lived self-limiting conditiol, dinicians should be wary of giving over-
optimistic expectations early. We included a widege of pain durations ranging from three
weeks up to most of their lives included in thi®Imeta-analysis. Pain duration (years) was
associated with an increase in pain-and decreasetidn of two points per additional year
of symptoms. This may be clinically relevant foradolescent presenting with 4-5 years of
pain, compared to those with a recent onset (week#hs). Of the pain characteristics
(frequency, bilateral pain and pain intensity) nplaequency appeared to have the strongest
and most clinically relevant association with bp#in and function in the longer term across
outcomes. Some of the prognostic factors weretatisgcally significant (i.e. the confidence
interval included null), but more importantly thegmitude of effects were not large enough
to be considered clinically relevant for some fastohich did appear statistically significant.
Overall, pain frequency and HRQoL were the factoost strongly associated with outcomes
after 12 months, and can easily captured duringtyisaking in a consultation. Sex and

older age are two factors which had very weak asg8ons with outcomes.
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It is unclear if the association between age armtgyqrognosis is caused by older
adolescents having a longer baseline duration iaf pa other neurobiological, psychological
or contextual factors that develop/change durirgestence. Regarding sex, a previous
systematic review found inconsistent findings frime single studies in a range of
musculoskeletal conditions[14]. We were able tolpadividual participant data from seven
studies and found approximately 10 points worsa pad function at follow-up for females.
Non-specific anterior knee pain (patellofemorainpas more common among females[31]
and has a high propensity for chronicity[26], ahe majority of participants included in the

current investigation as a result were female.

Psychological characteristics were identified aepially important candidate prognostic
variable from our stakeholder involvement. Modestmptoms (relative to none) appeared
associated with physical function. This may be e link between anxiety/depression

and physical inactivity[5]. Being sports activebaiseline did tend to be associated with better
function in the long-term Interestingly, a simikssociation with psychological

characteristics was not found for the outcome af,pdespite beliefs that chronic pain and
psychological conditions/mood disorders may shareraon neurobiology[3; 18; 35] This
area warrants future investigation, given the d@asioo between chronic pain and
psychological disorders such as anxiety and dejoredsor other chronic pain conditions,
reviews indicate that psychological therapies app#active only immediately post

treatment, and not at follow-up[9].

Comparison to previous studies

This study is the most comprehensive analysis @fmostic factors in the field of adolescent
musculoskeletal pain condition to date. A previsystematic review on prognosis in general

adolescent musculoskeletal pain[14], was unabpet data leaving a lot of descriptive
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reports and inconsistent findings due to includihgly-level data that used different
reporting of results. Our IPD approach enabledusrtumvent these limitations and test 14
different prognostic factors for outcomes of bo#tinpand physical function in a larger
number of cohorts. Despite some problems withaidbias in the study attrition domain, our
results confirm single studies that identified ps@verity, and HRQoL as prognostic
factors[26]. Our analysis provided evidence of thass of potential prognostic factors
across both pain and physical function. This isartgmt as the previous review on prognosis
across MSK conditions identified no study whichrexaed prognostic factors for disability.
Interestingly, assumptions include BMI, knee stthrand pain sensitivity as prognostic
factors, but our IPD contradicts this. Factors sa€lBMI, knee strength and pain sensitivity
did not have any significant or clinically relevagsociation with outcomes. The lack of
association with BMI is similar to what has beearfd in other MSK conditions in

youth[14]. We confirmed the previously reportedklat association between pain sensitivity
and outcomes [13] with data from four independeiocts. However, this single cohort [13]
found temporal summation of pain was associateld autcomes following treatment.
However, this was not evaluated in this IPD asehegre no other studies to pool the data

with.

Srengths and Limitations

For most prognostic factor and outcome associatienpverall RoB was “moderate” except
for associations that involved self-report BMI gradn duration where it was “high”. On a
study level the highest risk of bias was generallhe domain "study attrition” where most
had a moderate or high risk of bias. We did nduitke treatment received in original studies
in the models, as prognostic factors were measatrbdseline prior to any treatments so

treatment is not expected to affect the progndattor of interest. We used pain intensity
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and function as outcomes of interest. However,ustbe noted that patients rate the
experience of pain differently depending on forrapée prior pain experiences and

psychological factors. This could not be taken extoount in our analyses.

The heterogeneity in the available data made ibssjble to test the independent effects of
the prognostic factors in a multivariable analyBisture validation studies are needed.
Regarding the generalisability of our data, we irngxall data requested. Anterior knee pain,
the most common type of pain in this population pased of the majority of data.
Conditions such as Sindig Larsen johansen or patielhdinopathy constituted a minority of
cases in the individual participant data which riiayt generalisability to these conditions.
Furthermore, a number of the cohorts originatedenmark which may make the current

results less generalizable to other countries.

Conclusion and implications

Despite the high prevalence of adolescent knee paiited research exists on this young
population and their prognosis. This IPD found tha% of adolescents with knee pain also
have pain at 12 months. Pain characteristics (p&emsity, frequency, duration and
bilaterality), lower health related quality of lifand female sex were associated with
increased pain and lower function at 12-monthss Thimportant, because if factors
associated with chronic pain are known, clinicieas intervene early to reduce the
likelihood of future morbidity and mortality. St are urgently needed to improve care for
these adolescents, such as how to design and deévsnalised interventions and facilitate
the clinical decision-making process. This compnshee IPD provides a step change, and
can facilitate discussions on realistic expectatiaibout the prognosis and improvements

over the short and longer term.
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Figurelegends

Figure 1. PRISMA-IPD Flowchart

Figure 2. Distribution of age (bottom left pane), body masdeix (top left pane), pain
duration (top right pane) and average physicaVegti (bottom right pane) derived from the
included individual participant data. Solid horitalnines indicate median value.

*physical activity data is based on self-reporiadatailable from N = 351 participants

Figure 3. Mean (95% CI) observed values for pain intenséft panel) and function (right
panel) from baseline to short and long-term follogv-Grey dashed lines indicate individual

studies, black line (bold with crosses) indicatesug average.

Figure 4. Coefficient and 95% confidence intervals for epotgnostic factor-outcome
relation tested in the primary analysis. Left h@adel shows prognostic factor — outcome
relations for pain intensity (0-100-point scale}thwalues to the left indicating
improvements (i.e. decrease in pain) per unit ceangrognostic factor. The right-hand

panel shows function measured by the Knee Ostadatiutcome Score (KOOS)
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Sport/Rec sub-scale (0-100-point scale), with \v@boethe right indicating improvements

(i.e. increases in function) per unit change ofghegnostic factor.

Figureb5. Coefficient and 95% confidence intervals for epotgnostic factor-outcome
relation tested in the secondary analysis for sieom outcomes. Left hand panel shows
prognostic factor — outcome relations for painmsigy (0-100-point scale), with values to the
left indicating improvements (i.e. decrease in pagr unit change in prognostic factor. The
right-hand panel shows function measured by theekdsteoarthritis Outcome Score
(KOOS) Sport/Rec sub-scale (0-100-point scaleh walues to the right indicating

improvements (i.e. increases in function) per ahénge of the prognostic factor.
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Table 1. Characteristics of included participants and studies. Descriptive data are mean (SD) unless otherwise stated.

Study

Rathleff et al. 2013 DMJ [20]
CHAMPS — DK cohort 2015 [15]
Rathleff et al. 2015 BJSM [28]
Kastelein 2015 — HONEUR [17]
Rathleff et al. 2016 CJP [29]

Rathleff et al. 2016 Clin Biomech [30]

Rathleff et al. 2016 J Phys [23]

Rathleff et al. 2016 AJSM [26]

Middelkoop et al 2017 — TripleP [37]
Rathleff et al. 2018 Pilot and feasibility [25]
Selhorst et al. 2018 [34]

Rathleff et al 2019 OJSM [32]
Rathleff et al. 2019 AJSM[24]

Country

Denmark
Denmark
Denmark
Netherlands
Denmark

Denmark

Denmark
Denmark
Netherlands
Denmark

United
States of
America
Denmark

Denmark

Number of
adolescent
participants
with knee pain

215
172
121

151

Age (years)

13.7 (0.9)
11.7 (1.2)
17.2(1.0)
14.9 (2.3)
17.3(1.1)
17.2 (1.1)

17.4 (1.0)
17.3(1.0)
16.8 (1.8)
14.6 (1.1)
14.3 (1.8)

12.7 (1.1)
12.6 (1.2)

Female Sex
(%)

57%
60%
80%
52%
100%
100%

100%
72%
52%
80%
66%

49%
76%

BMI

19.4(2.8)
NA
21.7 (2.9)
21.0(3.29
20.5(1.9)
20.6 (1.9)

21.9 (2.4)
22.0(3.1)
20.5 (3.4)
19.7 (2.1)
23.9(5.9)

20.3(3.2)
19.1(2.7)

Short-term
time-point
(closest to
three
months)
NA

NA

3 months
3 months
3 months

3 months

6 weeks
NA

3 months
3 months

6 weeks

3 months

3 months

Short-term
response
rate (N (%))

NA

NA

101 (83%)
41 (63%)
39 (68%)
47 (82%)

14 (70%)
NA

17 (61%)
18 (90%)
46 (84%)

45 (88%)
133 (88%)

Long-term
time-point
(closest to 12
months)

12months
12 months
12 months
12 months
12 months

NA

NA

24 months
12 months
6 months

6 months

12 months
12 months

Long-term
response
rate (N (%))

164 (76%)
208 (100%)
110 (91%)
48 (74%)
52 (91%)

NA
NA

356 (71%)
17 (61%)
18 (90%)
46 (84%)

42 (82%)
120 (79%)
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Pain intensity: long-term

Participants (N)
HRQoL Index Score 557 E —_—

(per ten psﬂf? |L"c'r.::slg 389 7 -
Pain duration (years) 717 - -
Knee strength (Ntkg) 243 - -

Age (vears)  ggg - 4

BMI (kg/m?) 668 -

Female Sex 667 - ——
Sports Active 666 - ——
Bilateral pain 400 - i

Anxiety/depression  5gg

Participants (N)

HRQoL Index Score

Pain intensity
(per ten point increase)

Pain duration (years)
Knee strength (N/kg)
Age (years)

BMI (kg/m?)

Female Sex
Sports Active

Bilateral pain

Anxiety/depression

(No; ref) (No; ref)
Moderate T * Moderate
Severe E —_—— Severe
Pain frequency 555 p Pain frequency
(almost daily; ref) (almost daily; ref)
Weekly - —— Weekly
Monthly - — Monthly
Rarely/never E —_— Rarely/never
PPT local h . PPT local
(100kPa change) 229 r (1100kPa change)
Tdistal 5o i RS PPT distal
(1100kPa change) (1100kPa change)
PPTRemote 17 _ i PT Remote
(1100kPa change) (1100kPa change)
T 1 1 ) 1
-60 -40 -20 20 40 60
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546
292
561
239
563
563

562

561

302

546

543

227
210
175

KOOS Sport/Rec: long-term

a4

1
100



Pain intensity: short-term KOOS Sport/Rec: short-term

Participants (N) Participants (N)
HRQoL Index Score 299 —_— HRQoL Index Score 294 —_—
Pain intensity h Pain intensity i
(per ten point increase) 414 a (per ten point increase) 285 *
Pain duration (years) 368 for Pain duration (years) 294 :
Knee strength (N/kg) 274 —— Knee strength (N/kg) 242 o ol
Age (years) 405 o fot Age (years) 295 o
BMI (kg/m?) 422 o L. BMI (kg/m?) 295 o e
Female Sex 405 o L — Female Sex 295 —
Sports Active 408 —_— Sports Active 293 L
Bilateral pain 409  —— Bilateral pain 294 —
Anxiety/depression i Anxiety/depression i
(No; ref) 301 (No; ref) 285
Moderate 7 [ Moderate T *
Severe E Severe E L —
Pain frequency i Pain frequency i
(almost daily; ref) 308 (almost daily; ref) 285
Weekly E — Weekly E ——
Monthly - —_— e Monthly - —_—
Rarely/never E Rarely/never -
PPT local PPT local
(1100kPa change) 242 A - (100kPa change) 224 o -
PPT distal PPT distal
(1100kPa change) 225 A = (100kPa change) 224 o ot
PPT Remote 195 PPT Remote i
(1100kPa change) (1100kPa change)
1 T 1 T T T 1
40 -20 20 a0 -a0 20 20 40 60
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