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ABSTRACT 

 

Adolescent knee pain has a propensity for chronicity, impacting physical activity and health 

into adulthood. The aim of this study is to investigate prognostic factors in adolescents with 

knee pain using Individual Participant Data (IPD) meta-analysis. Studies were identified 

through a systematic search and a collaborative group. We included IPD from prospective 

studies of adolescents (age 10 - 19 years) with non-traumatic knee pain (13 studies and 1516 

adolescents with 1281 unique participants). Primary outcomes were pain intensity and 

function (Knee Injury and Osteoarthritis Outcome Score "Sport/Rec" subscale). Primary 

endpoint was 12-months. Risk of bias was appraised with Quality in Prognosis Studies tool. 

Harmonised IPD was analysed by multi-level modelling. Fifty-one percent reported knee 

pain after 12-months. Lower baseline pain frequency was associated with lower pain intensity 

at 12-months (‘less-than weekly’; 12 (95%CI 7 to 17) and ‘monthly’; 15 (95%CI 9 to 22) 
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points lower on a 100-point pain scale, compared to ‘almost daily pain’). Other factors most 

strongly associated with one-year pain prognosis were lower quality of life (30, 95%CI 19 to 

42 points per unit change in EQ5D index score), female sex (8 points, 95%CI 4 to 12 higher 

compared to males), and bilateral pain (7, 95%CI 1 to 13 points higher pain). Similar factors 

were associated with function. Body mass index, pain sensitivity and knee strength were not 

associated with prognosis of pain or function. Adolescent knee pain is associated with 

clinically relevant long-term pain and functional deficits. Self-reported characteristics may 

help identify those at risk of poor prognosis. 

 

Keywords: Pain; Musculoskeletal; outcomes; adolescent 

 

Introduction  

Knee and back pain are especially common musculoskeletal disorders among adolescents [8; 

12; 15; 16; 27]. Chronic musculoskeletal pain during this critical developmental period can 

have lifelong individual and societal impacts[33]. Non-traumatic knee pain accounts for the 

majority of adolescent knee pain[27], and is associated with decreased physical activity and 

quality of life. The most common knee conditions in adolescents are non-traumatic, such as 

patellofemoral pain and Osgood-Schlatter Disease (i.e. anterior knee pain)[6; 22]. Adolescent 

anterior knee pain has a high propensity for chronicity, long term impact and potential 

susceptibility to future pain. It appears that nearly 50% of adolescents with knee pain may 

continue to experience knee pain into early adulthood[21]. Determining the longer-term 

outcomes and factors associated with worse outcomes may support clinicians in targeting 

appropriate treatments and resources. 
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Prognostic research requires large numbers of patients needed which are currently lacking in 

single cohorts of anterior knee pain among adolescents. Systematic reviews have tried to 

synthesize the literature in this population [13]. However, meta-analyses were precluded for 

many prognostic factors. Meta-analysis of prognostic factors is notoriously difficult, due to 

heterogeneity in primary study reports, such as measurement of variables and analysis 

strategies [1]. Additionally, despite many prospective studies on adolescent knee pain, few 

evaluate prognostic factors for non-traumatic knee pain[14]. Individual Participant Data 

(IPD) meta-analysis overcomes these issues as we can select and harmonise prognostic 

factors and outcomes across studies at the individual participant level to evaluate prognostic 

factors in all prospective studies on the topic.  This provides opportunity to answer questions 

on expected prognosis and prognostic factors which would be impossible with standard meta-

analysis.  

 

The aim of this study is to identify prognostic factors in prospective studies of adolescents 

with non-traumatic knee pain that are associated with 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-analysis. A protocol was registered on the 

international prospective register of systematic reviews: PROSPERO (www.crd. 

york.ac.uk/prospero/), number CRD42019116861 where a full protocol with tracked and 

dated revisions is available for download. Reporting follows the PRISMA-IPD 

guidelines[36].  
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Deviations from protocol 

The original protocol was uploaded to PROSPERO prior to beginning this study. Prior to data 

analysis, we decided to pool studies for a specific prognostic factor outcome relation only if 

data were available from a minimum of three studies. This was done to minimise the number 

of analyses with small study numbers and because random effects models are more reliable 

with a larger number of clusters. This deviation was documented in the update of 

PROSPERO (which changes dated and marked in the re-uploaded protocol). 

 

 

Patient and Public Involvement 

Patients were involved in the aims, design and conduct of this research. Priority of the 

research question is informed by our patient advisory group (comprised of youth who have 

lived with adolescent knee pain) who have provided input into the program of research on 

adolescent knee pain. Through this engagement, it was highlighted that the lack of clear 

information on prognosis is frustrating due to the conflicting information they receive when 

seeking help. One of the important questions to them is if and when they could expect to 

recover from their knee pain. During the design of the study, a series of interviews were 

undertaken with school children with knee pain (N =5), parents (N=1) and school teachers 

(N=3), physiotherapist (N=1) and general practitioner (N=1). These engagements were 

intended to qualify the research question being asked and to inform us of which prognostic 

factors they believed could be important. The interviews all consisted of semi-structured 

single-person interviews. The key points from these interviews were that stakeholders 

considered too much physical activity/exercises (in the presence of pain), physical inactivity, 

lack of social support from parents, high body mass index (BMI), and psychological health 

important for long-term prognosis. These were included in prognostic factors of interest, and 
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incorporated into the data requested from original trial authors in order to test their 

associations with outcomes where possible. In particular, we selected item five from the 

health-related quality of life scale used in many studies to examine psychological health as an 

prognostic factor (outlined below). Patients will also be involved in developing the 

dissemination strategy of this study. 

 

Identification of studies 

To determine the possibility of undertaking an IPD, we first contacted established research 

groups focusing on adolescent knee pain and experts in the fields in order to identify data 

availability, setup a collaborative group of researchers who were willing to share IPD and 

collectively identify additional cohorts or treatment studies in the field.  

 

Systematic search 

To ensure all relevant studies were identified through our collaborative network, we 

conducted a systematic search for systematic reviews on adolescent knee pain. The following 

bibliographic databases were searched: Medline via PubMed, EMBASE and Cinahl via 

EBSCOhost from 1998- November 2019. The full search strategy is available in Appendix 1 

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

Reference lists of relevant reports were hand searched, and forward citation tracking for 

potentially relevant studies that were not identified by our search. 

 

 

 

Selection of studies 

Potentially eligible articles were independently screened by title and abstract by two authors 

(SH and MSR). Articles selected for full-text screening or identified through network & hand 

searching were assessed by both authors. Consensus was reached through documentation of 

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

 

 

Inclusion criteria for studies  

Type of studies 

Prospective studies (including both controlled trials and prospective cohort studies) were 

considered eligible for inclusion. A minimum follow-up of 6-weeks was required. We 

included studies with any type of treatment (or no treatment, i.e. wait-and-see). Studies with a 

minimum of 20 adolescents with non-traumatic knee pain were eligible in order to reduce the 

risk of small-study bias. The selection of this minimum number of participants was arbitrary. 

Both published and unpublished studies were eligible, provided a full text report or protocol 

was available. In order to optimize likelihood for contacting authors and IPD availability, we 

limited studies to those which have been completed since 1998 (i.e. in the past 20 years, with 

studies prior to this excluded). We included reports or publications in English, German, 

Dutch, Scandinavian languages, French, Spanish or Italian. 
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Type of Population 

We included adolescents (aged 10 - 19 years) of both/either sex with non-traumatic knee 

pain. All types of studies examining non-traumatic knee pain were eligible regardless of 

geographical location. All types of non-traumatic knee pain were eligible to be included 

(such as patellofemoral pain, patellar tendinopathy, Osgood Schlatter disease) and 

unspecified knee pain with non-traumatic onset. Studies examining knee conditions with a 

specific traumatic onset (e.g. anterior cruciate ligament injury, meniscus lesions) were 

excluded. Non-musculoskeletal conditions (e.g. systemic conditions, cancer, and autoimmune 

such as juvenile arthritis) were also excluded. 

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

of adolescents and adults were considered eligible for inclusion.  

 

Type of prognostic factor 

To be included, studies were required at a minimum to include prognostic factors relating to 

demographic information (sex and age). Other prognostic factors of interest included 

sociodemographic variables, pain characteristics, psychological characteristics, and health 

behaviours (detailed below under ‘Obtaining the IPD data’). 

 

Outcomes and endpoints 

Prognosis refers broadly to the course of condition (i.e. expectations on 

improvements/worsening/stability of symptoms and/or functional limitations). For this study, 

prognosis was based on pain (the primary complaint for this population) and sports-related 

function. The presence of pain, higher pain intensities and lower function/larger impairments 

in sports related function were considered poorer prognosis.  

ACCEPTED

8 8Copyright � by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.            2021



 9

Therefore, the main outcome measures selected to quantify this were pain intensity (assessed 

using visual analogue scales (VAS); numeric pain rating scales (NPRS)), and presence of 

pain at follow-up (yes/no); we pre-specified the final selection for the primary analysis was to 

be made based on the outcome included in most studies to optimise data availability. 

Secondary outcome of interest was self-reported physical function evaluated by the Knee 

Osteoarthritis Outcome Score (KOOS) Sport/Rec sub-scale. The main endpoint of interest 

was long-term (closest to 12 months). Short term (closest to 3 months) was an additional 

endpoint of interest.  

 

Obtaining the IPD data 

Approaching trial authors and invitation to join collaborative group 

Personal emails were sent to authors of eligible studies between June 2018 and June 2019. 

Corresponding authors were asked to share their data, and to participate in the ‘Adolescent 

knee health group’, on behalf of whom the IPD would be published. If the corresponding 

author could not be reached, other authors were contacted. We sent email reminders (3 

attempts) with a 2-week interval in case authors could not be reached. If authors agreed to 

participate in the ‘Adolescent knee health group’, a data processing agreement was signed by 

the investigators of the IPD (SH/ MSR) and the original trial investigators.  

 

 Data requested:  

The data requested was based on our previously outlined approach for identifying relevant 

prognostic factors and included (when available): 

Baseline measures (prognostic factors): 

Prognostic factors of primary interest were: 
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1. Sociodemographic variables including age, sex, height, weight or BMI, body 

composition, pubertal status, baseline physical activity and/or sports participation, 

socioeconomic status (parental education and household income), health related 

quality of life, and parental pain complaints. 

2. Pain characteristics including diagnosis (if specified), pain intensity, pain 

duration, pain sensitivity, physical function (self-reported and objective measures) 

pain impact, and pain locations (including bilateral pain and multi-site pain).  

3. Psychological factors (e.g. anxiety, depression, somatic symptoms and 

externalizing behaviours) 

4. Adverse health behaviours such as smoking, alcohol, and sleep. 

Outcome measures: 

1. All available data on self-report pain (presence and intensity), and physical function 

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

 

Data transfer and storage  

Data was requested and shared in an anonymised format through an encrypted service and 

stored on a secure encrypted server at Aalborg University, Aalborg, Denmark to which only 

the first and last author had access to. Data was accepted in all formats (including Microsoft 

Excel, SPSS, Stata, SAS and other statistical software) providing the data were clearly 

labelled and in wide-format. Any data labels not in English or Danish were transferred to a 

blank excel sheet and translated by an individual fluent in the native language and checked 

for correct interpretation with original trial author. Any further queries regarding the data 

were handled by the first author (SH) directly with the original trial author.  
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Data harmonisation and checking 

After acquisition of data, data from individual data sets were relabelled and recoded to ensure 

consistency between data formats to enable pooling. For example, physical activity was 

measured in different ways, and being sports active was defined as participating in sport at 

least once per week, or responding ‘yes’ to whether they played sport. Data integrity of the 

individual patient data was checked by undertaking completeness and consistency checks on 

individual participant data to identify missing or invalid (e.g. out of range) items. Missing 

information or inconsistencies were checked and rectified as necessary. For the analysis, pain 

intensity measured on NRS (0-10) and VAS (0-100) were converted to 100-point scales to 

enable pooling and comparison with KOOS.  

 

Data extraction at the study level 

Data was independently extracted at the study level by one reviewer and cross-checked by a 

second  using an a-priori standardised extraction form, following applicable items of the 

CHecklist for critical Appraisal and data extraction for systematic Reviews of prediction 

Modelling Studies (CHARMS)[19]. The data that were extracted included publication details, 

eligibility criteria, population, outcomes, potential prognostic variables, interventions (if 

applicable), sample size, response rates and missing data. 

 

Risk of bias assessment in individual studies 

Risk of bias was appraised with a modified version of the Quality In Prognosis Studies 

(QUIPS) tool[11]. We did not assess the last two domains of the QUIPS, as these are related 

to the statistical analysis conducted in the original study as by using IPD we overcome the 

limitations in original studies analyses. Additionally, many studies did not examine the 

relation between prognostic factors and outcome. Two researchers independently appraised 
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each original study following the QUIPS. We focused on the major domains of bias that are 

related to data collection/measurement (i.e. selection bias (participant selection), attrition bias 

(study attrition), misclassification bias (prognostic variable measurement), and detection bias 

(outcome measurement) only. The rating was done on both study-level and on the individual 

prognostic factor and outcome association. If agreement 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 whether there were nonlinear changes in pain 

and over time. Both linear and quadratic components for time were included in the model. 

The linear slope was allowed to vary between studies, but the quadratic was not (due to the 

limited number of parameters that could be estimated with three time-points). 

Prognostic factors 

Data were analysed using the one-step approach for IPD[4; 7] . For each prognostic factor of 

interest, we fit linear mixed effects models with fixed effects for the prognostic factor, 

random intercepts for each study (to account for within study clustering), and a random slope 

allowing coefficients for the prognostic factor to vary between studies. For the covariance 

structure, separate variances were assumed for the random intercept and random slope, and 

that these were independent due the limited number of studies per analysis. In cases of non-

convergence of the model, we excluded the random slope from the model.  

Separate regression models were fit for each pair of prognostic factor and outcome due to the 

anticipation of heterogeneity of data availability from original studies, with different numbers 

of studies available for each of the prognostic factor-outcome pairs. Separate models were 

used for the outcomes and endpoints of interest i.e. pain (short and long – term), and function 
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(short and long – term). Data were pooled, and models fitted if data were available from a 

minimum of three studies. This was pre-specified in the protocol before any data processing, 

harmonisation or analyses occurred. All analyses were undertaken in IBM SPSS Statistics 

version 25 (Chicago, IL, USA). Syntax are available in Supplementary material (Appendix 2, 

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

 

Additional analyses 

Pain intensity was selected for the primary analysis according to our pre-defined hierarchy 

and with most studies including this variable.   

Separate generalised linear mixed models with a binary distribution and logit function were 

run for the primary endpoint (12months) for pain as a binary outcome, to determine the 

robustness of findings across outcomes. Studies that did not include pain presence as a binary 

outcome were dichotomised with <2 ‘little/no pain’ and ≥ 2 considered as having pain. This 

was selected based on optimising sensitivity and specificity based on studies with both NRS 

and binary outcomes (data not shown). 

 

Results 

Study selection and IPD obtained 

In total, 13 studies were included from the network and systematic search (Figure 1 PRISMA 

IPD Flow-chart). Characteristics of the original study characteristics from which the 

individual participant data originate are displayed in Supplementary Appendix 3 (available at 

http://links.lww.com/PAIN/B256). The number of participants included from original studies 

ranged from 20 to 504, with a total of 1516 participants included in the original studies (1281 

unique participants). Baseline characteristics per study are outlined in Table 1, and an 

overview of participant descriptives of the entire cohort are displayed in Figure 2. The mean 
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age of participants in each cohort ranged from 12 to 17 years, with between 40% and 100% 

of participants in the cohorts being female.  

 

Changes in pain and function over time 

At baseline, the mean pain was 57mm on a 0-100 VAS scale (95% CI 49 to 64). There was a 

clinically relevant linear decrease in pain over time (-31mm, 95% CI -38 to -23; P<0.0001). 

The quadratic function exhibited a non-linear component (9 95% CI 0.7 to 1.2 Figure 3 

suggests an accelerated decrease in the first three months.  

At baseline, the mean sports-related function was 53 (95% CI 51 to 55). There was a linear 

increase in function over time (22 95% CI 16 to 28). The quadratic function indicated a non-

linear component (-7 95% CI -10 to -5) (Figure 3). Figure 3 suggests an accelerated decrease 

in the first three months.  

. 

Risk of bias 

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

(Appendix 4, available at http://links.lww.com/PAIN/B256).  

Prognostic factor outcome relationships across studies were at low to moderate risk of bias 

for study participation (selection bias) and outcome measurement (detection bias). Study 

attrition was judged as at moderate to high risk of bias across studies. 

Overall, individual prognostic factor outcome relationships were judged as moderate risk of 

bias for the majority of associations. However, the risk of bias was high for those associations 

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

Supplementary Appendix 5 outlines the specific studies with data available in each 

prognostic factor & outcome relation, and studies and numbers of participants with follow-up 

data included in each analysis (available at http://links.lww.com/PAIN/B256). The time-

points selected for each study ‘closest to three months’ (short term) and ‘closest to twelve 

months’ (long-term) are outlined in Table 1. The number of studies per model and model fit 

(indicated by Schwarz’s Bayesian Criterion; BIC) are included in Supplementary Appendix 6 

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

 

Primary analysis (pain and function in the longer term) 

Sociodemographic characteristics 

Pain intensity at long-term follow-up was 8 points (95% CI 4 to 12) higher (on a 100-point 

scale) for female’s relative to males. One increase in HRQoL index score on the EQ5D was 

associated with a 30 (95% CI 19 to 42) point lower pain intensity at long-term follow-up. 

Age, and BMI did not appear associated with pain intensity at long-term follow-up (Figure 

4). 

For function (KOOS Sport/Rec subscale), females had 8 points (95% CI 4 to 13) lower 

function at long-term follow-up. Per year increase in age, there was a 2 point (95% CI 1 to 4) 

decrease in function at long-term follow-up. One index score better HRQoL on the EQ5D 

was associated with 42 point (95% CI 20 to 64) better function. BMI was not associated with 

worse function (Figure 4). 
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Pain characteristics  

Having bilateral pain was associated with a 7 point (95% CI 1 to 13) higher pain intensity at 

long term follow-up. Those with weekly and monthly pain had a 12 (95% CI 7 to 17) and 15 

(95% CI 9 to 22) points respectively decreased pain intensity at follow-up, relative to those 

who had almost daily at baseline. For each additional 10-point increase in baseline pain 

intensity there was a 2 point (95% CI 1 to 3) higher pain intensity at follow-up. There was a 2 

point (95% CI 1 to 3) increase in pain intensity at long-term follow-up per additional year of 

symptoms at baseline. Pressure pain sensitivity did not have strong associations with pain 

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

Participants with bilateral pain at baseline, had a 6 (95% CI 0 to 12) point lower function at 

long-term follow-up. Per 10-point increase in baseline pain intensity there was a 2 (95% CI 1 

to 3) point decrease in function at follow-up. There was also a 2 point (95% CI 1 to 3) 

decrease in function at long term follow-up, per additional year of symptoms reported at 

baseline. Patients with weekly or monthly pain at baseline, had 14 (95% CI 9 to 18) and 20 

(95% CI 14 to 25) points respectively higher function at long-term follow-up compared to 

those with almost daily pain at baseline. Pressure pain sensitivity did not have a strong 

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

Sports activity and objective function 

There was no evidence that being sports active and objective knee strength was associated 

with pain intensity at long-term follow-up (Figure 3). Being sports active was associated with 

a 5 (95% CI 0 to 9) point higher function at long-term follow-up. 
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Psychological characteristics 

Participants reporting moderate anxiety/depression (relative to none) at baseline had a 5 (95% 

CI -1 to 11) point decrease in pain at follow-up. Participants reporting moderate 

anxiety/depression (relative to none) at baseline had an 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% CI -1 to 12) points higher for female’s 

relative to males. One increase in HRQoL index score on the EQ5D was associated with a 16 

(95% CI 1 to 31) point lower pain intensity at short-term follow-up. There was a 1.5 (95% CI 

0 to 3) year increase in pain intensity at short term follow-up per year older age. BMI was not 

associated with pain intensity at long-term follow-up (Figure 5). 

For function (KOOS Sport/Rec subscale), females had 5 points (95% CI -1 to 10) lower 

function at short-term follow-up. Per year increase in age, there was a 2 point (95% CI 1 to 4) 

decrease in function at short term follow-up. One index score better HRQoL on the EQ5D 

was associated with 36 point (95% CI 25 to 47) better function at short-term follow-up. BMI 

was not strongly associated with worse functional outcomes in the short term (1, 95% 0 to 2-

point increase in pain per point increase in BMI; Figure 5). 
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Pain characteristics  

Having bilateral pain was associated with a 6 point (95% CI 0 to 11) higher pain intensity at 

short term follow-up. For each additional 10-point increase in baseline pain intensity there 

was a 2 point (95% CI 0 to 4) higher pain intensity at follow-up. Compare to those who had 

almost daily pain at baseline, those with monthly baseline pain had an 11 (95% CI -8 to 29) 

point decreased pain intensity at follow-up. There did not appear to be an association between 

pain duration at baseline and pain intensity at short-term follow-up (Figure 4). Pressure pain 

sensitivity (at both local and remote locations) was not associated with pain intensity (Figure 

5). 

Participants with bilateral pain at baseline, had a 7 (95% CI 2 to 12) point lower function at 

short-term follow-up. Per 10-point increase in baseline pain intensity there was a 2 (95% CI 0 

to 3) point decrease in function at short-term follow-up. There was a 1 point (95% CI 0 to 3) 

decrease in function at long term follow-up, per additional year of symptoms reported at 

baseline. Patients with weekly or monthly pain at baseline, had 7 (95% CI 2 to 13) and 1 

(95% CI -4 to 24) points respectively higher function at long-term follow-up compared to 

those with almost daily pain at baseline. 

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

term (Figure 5). 

 

Sports activity and objective function 

Being sports active, (compared to not) was associated with a 5 point (95% CI -3 to 12) lower 

pain intensity at short-term follow-up. There was no evidence that objective knee strength 

was associated with pain intensity at short term follow-up (Figure 5).  
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Being sports active was associated with a 5 (95% CI -2 to 11) point higher function at short-

term follow-up, while evidence that knee strength was associated with short-term function 

was lacking (Figure 5). 

 

Psychological characteristics 

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

CI -3 to 14) point decrease in pain at short term follow-up (figure 5).   

Participants reporting moderate anxiety/depression (relative to none) at baseline had an 9 

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

 

Sensitivity analyses 

Pain (dichotomised) 

Three of the thirteen studies included IPD on pain presence as a binary variable. Two studies 

included in the IPD only had outcome data available at primary endpoint (12months) as a 

dichotomous variable i.e. pain presence (yes/no)[15]. These studies did not provide IPD for 

pain intensity or KOOS Sport /Rec as outcomes and were not included in any other analyses. 

Dichotomisation in the other studies was based on transformation of pain NRS/VAS into a 

dichotomous variable.  

Based on this, 51% of patients were categorised as continuing to have pain at long term 

follow up. The sensitivity analysis revealed that HRQoL, pain duration, remained similarly 

associated with 12 months pain prognosis (Supplementary Appendix 7, available at 

http://links.lww.com/PAIN/B256; Table 1). In contrast, sex was not associated with pain 
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presence (full details Supplementary Appendix 7, available at 

http://links.lww.com/PAIN/B256). There was no evidence of an association between of 

sports participation or socioeconomic status (SES) on pain presence at 12 months follow-up. 

 

Other analyses 

Results for the sensitivity models excluding small studies (N<20) are available in 

Supplementary material (Appendix 7, available at http://links.lww.com/PAIN/B256). Due to 

the small number of studies available after exclusion of small studies, some of the sensitivity 

analyses did not converge. The models that successfully converged confirmed no major 

deviations from the findings in the primary analysis. Similarly, sensitivity analyses excluding 

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

major discrepancies (Appendix 7, available at http://links.lww.com/PAIN/B256). 

 

Discussion 

Principal findings  

This IPD meta-analysis obtained individual participant data from 13 individual studies, 

including data from 1281 unique adolescents suffering from knee pain. The pattern of the 

observed improvements in pain and function occurred primarily in the short-term, with 

limited to no improvements from short to longer term (closest to 12 months). Pain 

characteristics (pain frequency, bilateral pain and pain duration), lower health related quality 

of life and female sex were associated with a worse prognosis and were consistent across 

both pain and functional outcomes. Contrary to expectations from stakeholders, high BMI 

was not associated with poorer prognosis.  
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Explanation of findings 

The largest improvement in pain occurred during the three-month follow-up, with limited 

improvement between 3 and 12 months. The changes in pain in the initial phase may indicate 

regression to the mean and are consistent with reports of adult populations with chronic 

musculoskeletal pain conditions[2; 10]. The use of KOOS sport/rec demonstrated that this 

young population continued to experience difficulties with sports and recreational activities 

to a relatively high degree in the long term. Credible information on the prognosis is one of 

the important answers adolescents and their parents want.  

Our findings underline that adolescent knee pain may need ongoing management and not be 

considered a short-lived self-limiting condition, so clinicians should be wary of giving over-

optimistic expectations early. We included a wide range of pain durations ranging from three 

weeks up to most of their lives included in this IPD meta-analysis. Pain duration (years) was 

associated with an increase in pain and decreased function of two points per additional year 

of symptoms. This may be clinically relevant for an adolescent presenting with 4-5 years of 

pain, compared to those with a recent onset (weeks/months). Of the pain characteristics 

(frequency, bilateral pain and pain intensity), pain frequency appeared to have the strongest 

and most clinically relevant association with both pain and function in the longer term across 

outcomes. Some of the prognostic factors were not statistically significant (i.e. the confidence 

interval included null), but more importantly the magnitude of effects were not large enough 

to be considered clinically relevant for some factors which did appear statistically significant. 

Overall, pain frequency and HRQoL were the factors most strongly associated with outcomes 

after 12 months, and can easily captured during history taking in a consultation. Sex and 

older age are two factors which had very weak associations with outcomes.  
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It is unclear if the association between age and poorer prognosis is caused by older 

adolescents having a longer baseline duration of pain, or other neurobiological, psychological 

or contextual factors that develop/change during adolescence. Regarding sex, a previous 

systematic review found inconsistent findings from five single studies in a range of 

musculoskeletal conditions[14]. We were able to pool individual participant data from seven 

studies and found approximately 10 points worse pain and function at follow-up for females. 

Non-specific anterior knee pain (patellofemoral pain) is more common among females[31] 

and has a high propensity for chronicity[26], and the majority of participants included in the 

current investigation as a result were female.  

Psychological characteristics were identified as potentially important candidate prognostic 

variable from our stakeholder involvement. Moderate symptoms (relative to none) appeared 

associated with physical function. This may be due to the link between anxiety/depression 

and physical inactivity[5]. Being sports active at baseline did tend to be associated with better 

function in the long-term Interestingly, a similar association with psychological 

characteristics was not found for the outcome of pain, despite beliefs that chronic pain and 

psychological conditions/mood disorders may share common neurobiology[3; 18; 35] This 

area warrants future investigation, given the association between chronic pain and 

psychological disorders such as anxiety and depression. For other chronic pain conditions, 

reviews indicate that psychological therapies appear effective only immediately post 

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

Comparison to previous studies 

This study is the most comprehensive analysis of prognostic factors in the field of adolescent 

musculoskeletal pain condition to date. A previous systematic review on prognosis in general 

adolescent musculoskeletal pain[14], was unable to pool data leaving a lot of descriptive 
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reports and inconsistent findings due to including study-level data that used different 

reporting of results. Our IPD approach enabled us to circumvent these limitations and test 14 

different prognostic factors for outcomes of both pain and physical function in a larger 

number of cohorts. Despite some problems with risk of bias in the study attrition domain, our 

results confirm single studies that identified pain severity, and HRQoL as prognostic 

factors[26]. Our analysis provided evidence of robustness of potential prognostic factors 

across both pain and physical function. This is important as the previous review on prognosis 

across MSK conditions identified no study which examined prognostic factors for disability. 

Interestingly, assumptions include BMI, knee strength and pain sensitivity as prognostic 

factors, but our IPD contradicts this. Factors such as BMI, knee strength and pain sensitivity 

did not have any significant or clinically relevant association with outcomes. The lack of 

association with BMI is similar to what has been found in other MSK conditions in 

youth[14]. We confirmed the previously reported lack of association between pain sensitivity 

and outcomes [13] with data from four independent cohorts. However, this single cohort [13]  

found temporal summation of pain was associated with outcomes following treatment. 

However, this was not evaluated in this IPD as there were no other studies to pool the data 

with. 

 

Strengths and Limitations 

For most prognostic factor and outcome association, the overall RoB was “moderate” except 

for associations that involved self-report BMI and pain duration where it was “high”. On a 

study level the highest risk of bias was generally in the domain "study attrition" where most 

had a moderate or high risk of bias. We did not include treatment received in original studies 

in the models, as prognostic factors were measured at baseline prior to any treatments so 

treatment is not expected to affect the prognostic factor of interest. We used pain intensity 
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and function as outcomes of interest. However, it must be noted that patients rate the 

experience of pain differently depending on for example prior pain experiences and 

psychological factors. This could not be taken into account in our analyses. 

The heterogeneity in the available data made it impossible to test the independent effects of 

the prognostic factors in a multivariable analysis. Future validation studies are needed. 

Regarding the generalisability of our data, we received all data requested. Anterior knee pain, 

the most common type of pain in this population comprised of the majority of data. 

Conditions such as Sindig Larsen johansen or patellar tendinopathy constituted a minority of 

cases in the individual participant data which may limit generalisability to these conditions. 

Furthermore, a number of the cohorts originated in Denmark which may make the current 

results less generalizable to other countries. 

Conclusion and implications 

Despite the high prevalence of adolescent knee pain, limited research exists on this young 

population and their prognosis. This IPD found that >50% of adolescents with knee pain also 

have pain at 12 months. Pain characteristics (pain intensity, frequency, duration and 

bilaterality), lower health related quality of life and female sex were associated with 

increased pain and lower function at 12-months. This is important, because if factors 

associated with chronic pain are known, clinicians can intervene early to reduce the 

likelihood of future morbidity and mortality. Studies are urgently needed to improve care for 

these adolescents, such as how to design and deliver personalised interventions and facilitate 

the clinical decision-making process. This comprehensive IPD provides a step change, and 

can facilitate discussions on realistic expectations about the prognosis and improvements 

over the short and longer term.  
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Figure legends 

 

Figure 1. PRISMA-IPD Flowchart 

Figure 2. Distribution of age (bottom left pane), body mass index (top left pane), pain 

duration (top right pane) and average physical activity* (bottom right pane) derived from the 

included individual participant data. Solid horizontal lines indicate median value. 

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

 

Figure 3. Mean (95% CI) observed values for pain intensity (left panel) and function (right 

panel) from baseline to short and long-term follow-up. Grey dashed lines indicate individual 

studies, black line (bold with crosses) indicates group average. 

Figure 4. Coefficient and 95% confidence intervals for each prognostic factor-outcome 

relation tested in the primary analysis. Left hand panel shows prognostic factor – outcome 

relations for pain intensity (0-100-point scale), with values to the left indicating 

improvements (i.e. decrease in pain) per unit change in prognostic factor. The right-hand 

panel shows function measured by the Knee Osteoarthritis Outcome Score (KOOS) 
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Sport/Rec sub-scale (0-100-point scale), with values to the right indicating improvements 

(i.e. increases in function) per unit change of the prognostic factor. 

 

Figure 5. Coefficient and 95% confidence intervals for each prognostic factor-outcome 

relation tested in the secondary analysis for short term outcomes. Left hand panel shows 

prognostic factor – outcome relations for pain intensity (0-100-point scale), with values to the 

left indicating improvements (i.e. decrease in pain) per unit change in prognostic factor. The 

right-hand panel shows function measured by the Knee Osteoarthritis Outcome Score 

(KOOS) Sport/Rec sub-scale (0-100-point scale), with values to the right indicating 

improvements (i.e. increases in function) per unit change 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 Country Number of 

adolescent 

participants 

with knee pain 

Age (years) Female Sex 

(%) 

BMI Short-term 

time-point 

(closest to 

three 

months) 

Short-term 

response 

rate (N (%)) 

Long-term 

time-point 

(closest to 12 

months) 

Long-term 

response 

rate (N (%)) 

Rathleff et al. 2013 DMJ [20] Denmark 215 13.7 (0.9) 57% 19.4 (2.8) NA NA 12months 164 (76%) 

CHAMPS – DK cohort 2015 [15] Denmark 172 11.7 (1.2) 60% NA NA NA 12 months 208 (100%) 

Rathleff et al. 2015 BJSM [28] Denmark 121 17.2 (1.0) 80% 21.7 (2.9) 3 months 101 (83%) 12 months 110 (91%) 

Kastelein 2015 – HONEUR [17] Netherlands 65 14.9 (2.3) 52% 21.0 (3.29 3 months 41 (63%) 12 months 48 (74%) 

Rathleff et al. 2016 CJP [29] Denmark 57 17.3 (1.1) 100% 20.5 (1.9) 3 months 39 (68%) 12 months 52 (91%) 

Rathleff et al. 2016 Clin Biomech [30] Denmark 57 17.2 (1.1) 100% 20.6 (1.9) 3 months 47 (82%)     

            NA NA 

Rathleff et al. 2016 J Phys [23] Denmark 20 17.4 (1.0) 100% 21.9 (2.4) 6 weeks 14 (70%) NA NA 

Rathleff et al. 2016 AJSM [26] Denmark 504 17.3 (1.0) 72% 22.0 (3.1) NA NA 24 months 356 (71%) 

Middelkoop et al 2017 – TripleP [37] Netherlands 28 16.8 (1.8) 52% 20.5 (3.4) 3 months 17 (61%) 12 months 17 (61%) 

Rathleff et al. 2018 Pilot and feasibility [25] Denmark 20 14.6 (1.1) 80% 19.7 (2.1) 3 months 18 (90%) 6 months 18 (90%) 

Selhorst et al.  2018 [34] United 

States of 

America 

55 14.3 (1.8) 66% 23.9 (5.9) 6 weeks 46 (84%) 6 months 46 (84%) 

Rathleff et al 2019 OJSM [32] Denmark 51 12.7 (1.1) 49% 20.3 (3.2) 3 months 45 (88%) 12 months 42 (82%) 

Rathleff et al. 2019 AJSM[24] Denmark 151 12.6 (1.2) 76% 19.1 (2.7) 3 months 133 (88%) 12 months 120 (79%) 
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N=429 identified through database 
search for reviews on prospective
studies of adolescent knee pain

56 full texts reviewed for 
potentially relevant articles

Hand search & forward citation 
tracking relevant reviews 

(N = 6 potentially eligible studies 
identified)

14 potentially eligible studies 
identified including forward 

citation tracking

23 potentially eligible studies 
screened by full-text

Collaborative group Systematic search

Studies identified through sources 
including authors own network & 

requests sent to researchers

18 potentially eligible studies 
identified

IPD data provided by 13 studies (N 
= 1516 participants)

N =10 Studies excluded:
Wrong design (N=4)
Incorrect outcomes (N=2)
Not non-traumatic knee pain 
(N=4)

23 potentially eligible studies after 
duplicates removed

Sought IPD data from 13 studies 
eligible for inclusion
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a All data analysed (N=1516) 
Primary endpoint:

N=772 pain intensity; 
N = 877 function; 

N = 1246 knee pain (dichotomous 
outcome)

9 duplicate studies identified 
through both sources
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