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ABSTRACT
Background Patellofemoral pain (PFP) is common
among adolescents and associated with long-lasting
pain and disability. Patient education and exercise
therapy are commonly used treatments in primary and
secondary care but the effect of these treatments in
adolescents is unknown. We aimed to determine the
effect of exercise therapy as an add-on therapy to
patient education compared with education alone.
Methods 121 adolescents from 15–19 years of age
were cluster randomised to patient education or patient
education combined with exercise therapy. Patient
education covered self-management of pain and
information on PFP. Exercise therapy consisted of
supervised exercises on school premises (3/week for
3 months) and instructions on home-based exercises.
Adherence to exercises was assessed as attendance and
weekly text messages. Primary outcome measure was
self-reported recovery (seven-point Likert scale) at
12 months with additional follow-ups at 3, 6 and
24 months.
Results Adolescents randomised to patient education
and exercise therapy were more likely to have recovered
at 12 months (OR, 1.73, 95% CI 1.02 to 2.93, number
needed to treat (NNT) of 11). Similar results were
observed at 3 and 6 months (OR 1.88 and 1.43) while
the effect was further increased at 24 months (OR of
2.52, NNT of 5). A higher total number of weekly
exercise sessions increased the odds of recovery.
Conclusions In adolescent PFP, the addition of
exercise therapy for 3 months was more effective than
patient education alone. The effect was apparent at
3 months and increased up to 2 years. Adherence to
exercises was important and improved the odds of
recovery.
Trial registration number clinicaltrials.gov reference:
NCT01438762.

INTRODUCTION
Knee pain bothers a third of adolescents and more
than 50% will at some point contact their general
practitioner (GP) to seek treatment.1–3 One of the
most long-lasting and troublesome conditions
among adolescents with knee pain is patellofemoral
pain (PFP), affecting 6–7%.4–6 PFP is provoked by
activities of daily living such as stair climbing and
squatting and 25% will have significant symptoms
even 16 years after treatment.7 8 Despite the high
prevalence among adolescents, the vast majority of
research on treatment of PFP is conducted on
adults above 18 years of age.

Exercise therapy is a cornerstone treatment for
adults with PFP as it offers superior effect com-
pared with patient education or a wait-and-see
approach.9 10 However, patient education and
wait-and-see approaches are both used in general
practice but only a single study has compared
patient education to exercise therapy.10 It showed
better outcomes at 3 and 12 months among mostly
adult patients randomised to exercise therapy.10

Randomised controlled trials (RCTs) among adoles-
cents with PFP are lacking, hampering evidence-
based treatment in general practice of troubled ado-
lescents with PFP.
The purpose of this RCT was to investigate the

effect of exercise therapy as an add-on therapy to
patient education compared with education alone
on self-reported recovery. We hypothesised that a
significantly larger proportion of adolescents ran-
domised to patient education and exercise therapy
would have recovered at 12 months.

METHODS
Design overview
The design was a cluster RCT and the study proto-
col has been published previously.11 A cluster was
defined as a single upper secondary school. In total,
2846 adolescents between 15 and 19 years of age
from four upper secondary schools were asked to
answer an online questionnaire on self-reported
pain (for further details on the online questionnaire
refer to Rathleff et al12). Adolescents with PFP
were recruited from this closed population-based
cohort.11

Setting and participants
Eligibility criteria for inclusion were in line with a
previous clinical trial and determined by a rheuma-
tologist:13 insidious onset of anterior knee or retro-
patellar pain of more than 6 weeks duration and
provoked by at least two of the following situa-
tions: prolonged sitting or kneeling, squatting,
running, hopping or stair climbing; tenderness on
palpation of the patella, pain when stepping down
or double leg squatting; and worst pain during the
previous week of more than 30 mm on a 100 mm
visual analogue scale (VAS). Exclusion criteria were
concomitant injury or pain from the hip, lumbar
spine or other knee structures; previous knee
surgery; self-reported patellofemoral instability;
knee joint effusion; use of physiotherapy for treat-
ing knee pain within the previous year; or at least
weekly use of anti-inflammatory drugs.
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Randomisation and interventions
The four schools were randomised either to patient education
or patient education and exercise therapy using a computer-
generated sequence developed by the main investigator (MSR).
Cluster randomisation was chosen to minimise the contamin-
ation between individuals, which could occur if more than one
adolescent in each class were diagnosed with PFP, but rando-
mised to different treatment groups.

Patient education
One physiotherapist delivered the patient education in the two
clusters randomised to patient education alone. The standar-
dised patient education was held one-on-one with the adoles-
cents and their parents. It lasted for about 30 min and covered:
pain management; how to modify physical activity using pacing
and load management strategies; information on optimal knee
alignment during daily tasks; and responses to questions from
the adolescent or the parents. Adolescents also received this
information in an eight-page leaflet, which can be found in
online supplementary appendix 1.

Patient education and exercise therapy
One of two physiotherapists delivered the exercise therapy and
patient education in each cluster. The exercise therapy was
based on previous trials14 15 and consisted of a combination of
supervised group training sessions and unsupervised home-based
exercises.

The supervised group training sessions consisted of neuro-
muscular training of the muscles around the foot, knee and hip,
strength training for the knee and hip, patellofemoral soft tissue
mobilisation, and stretching of the muscles around the hip and
knee.11 16 To progressively match the exercise level to the per-
formance level of each participant, all exercises were available in
multiple levels of difficulty.11 All adolescents started with exer-
cises at level 1 and progressed from there. The progression
followed previously described rules.11 17

The unsupervised home exercises consisted of approximately
15 min of quadriceps and hip muscle retraining and stretching.
Instructions were given immediately after patient education
together with a five-page leaflet with pictures and descriptions
of the exercises. The exercises were to be performed each day
except on the days of supervised group training.15 The adoles-
cents were instructed to incorporate the exercises into their
normal daily routines. Taping corrections were applied in a pre-
determined order of anterior tilt, medial tilt, glide and fat pad
unloading until the participant’s pain was reduced by at least
50%.15 Tape was only used if adolescents achieved a minimum
of 50% reduction in pain measured with a 10 cm VAS during a
two-leg squat immediately after application of the tape.11

The supervised exercises were offered three times per week
on school premises immediately after the end of the school day
for 3 months (from 26 of September to 22 of December 2011,
a maximum number of 41 training sessions). Exercise sessions
were offered at three time points during the afternoon of each
of three designated weekdays, a total of nine options weekly.
The adolescents were told they should continue with the exer-
cises on their own after the intervention period.

Adherence to exercise therapy
Adherence to the supervised sessions was recorded as attend-
ance. Adherence to home exercises was monitored using a
weekly text message that asked the adolescents “How many
times during the last week did you perform your home-based

exercises”. Good adherence was defined as participation in at
least 80% of the supervised group training sessions whereas
poor adherence was defined as participation in less than 40%.
Good adherence of home exercises was defined as exercising on
at least 70% of possible days and poor adherence was defined as
exercising on less than 40% of possible days. The strategies used
to optimise adherence can found in the study protocol.11

Co-interventions
Adolescents were asked to refrain from co-interventions during
the intervention period starting 72 h before participation in the
study. Pre-existing foot orthoses were allowed, but adolescents
were not allowed to modify them during the study period.
Analgesic use was registered during baseline testing and at all
follow-ups.

Outcomes and follow-up
Self-report questionnaires were completed at baseline, 3, 6, 12
and 24 months after inclusion and collected by blinded project
personnel. The primary endpoint was at 12 months. Identical to
van Linschoten et al,10 the primary outcome was the proportion
of adolescents recovered. The adolescents were asked to rate
their knee pain now compared to before they received treat-
ment. Recovery was measured on a seven-point Likert scale
ranging from “completely recovered” to “worse than ever”.
Adolescents were categorised as recovered if they rated them-
selves as “completely recovered” or “strongly recovered”
(category 1 or 2), whereas those who rated themselves as
“slightly recovered” to “worse than ever” (category 3–7) were
categorised as not recovered.10 Secondary outcomes included
Knee injury and Osteoarthritis Outcome Score (KOOS), Physical
Activity Scale (PAS),18 sports participation, EuroQol
5-dimensions (EQ-5D)19 and satisfaction with the result of treat-
ment measured on a five-point Likert scale ranging from “highly
satisfied” to “not satisfied at all”.

Statistical analysis
We decided a priori to include all adolescents with PFP in the
four clusters. We expected that 6% of adolescents would be
diagnosed with PFP.5 This corresponds to at least 150 adoles-
cents with PFP, considering that approximately 2500 adolescents
were expected to answer the online questionnaire. We expected
20% recovery in the patient education group, and 50% recovery
in the group receiving patient education combined with exercise
therapy.10 20 Using a power of 80%, significance level of 5%,
within-cluster correlation of 0.015, at least 59 adolescents were
needed in each group. Using a fixed number of four clusters and
equation 21 given by Hemming et al21 suggest the trial is feas-
ible given the constraint of four clusters and the expected
number of 150 adolescents with PFP.21

Statistical analyses
All analyses were defined a priori and took place after the
12 months follow-up and no intermediate analyses were per-
formed. The first author and a statistician not involved in the
study performed all analyses. They were not blinded to group
allocation during the analyses. Between-group comparison was
analysed on an intention-to-treat basis and included all adoles-
cents who responded to the questionnaire at that time point.
The primary outcome was analysed through logistic regression
for repeated measurement using robust variance estimates that
adjust for within-cluster correlations within schools.22 Logistic
regression was adjusted for the following baseline prognostic
factors: gender and duration of symptoms and KOOS pain.
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Unadjusted estimates are also provided. A comparison of con-
tinuous data was made using linear regression and count data
were analysed using Poisson regression, both using robust SEs
adjusted for within-cluster correlations within schools. For the
primary outcome, the number needed to treat (NNT) is given
and calculated as 1/risk difference. Secondary analyses included
a predefined subgroup analysis investigating the association
between treatment and adherence.11

RESULTS
Of the 2200 adolescents who answered the questionnaire, 610
reported knee pain and were potentially eligible for inclusion.
A total of 504 adolescents were successfully contacted and
asked standardised questions over the telephone. If they
reported anterior knee pain with an insidious onset, as opposed
to traumatic onset, they were offered a clinical examination at
the local hospital by an experienced rheumatologist to deter-
mine the specific knee condition. Two hundred and four adoles-
cents were invited to a clinical examination and 180 accepted, 8
adolescents did not show up, leaving 172 adolescents who were
examined. From these, 153 were diagnosed with PFP and 122
were eligible to enter the study, and 121 adolescents agreed to
participate (figure 1). Two clusters (schools) were randomised to
patient education alone (n=59) while two clusters (n=62) were
randomised to patient education and exercise therapy (see
cluster-specific data on follow-up in online supplementary

appendix 2). Baseline characteristics did not differ between the
two groups, table 1. From the 62 adolescents randomised to
patient education and exercise therapy, 28 were offered patellar
taping. Follow-up rate ranged from 73% to 91% with a 91%
follow-up rate at the primary endpoint at 12 months. The
intracluster correlation coefficient for the primary outcome was
0.00 at 3, 6 and 12 months follow-up and 0.09 at 24-month
follow-up.

Primary outcome
Adolescents randomised to patient education and exercise
therapy were more likely to have recovered at 12 months (OR
1.73, 95% CI 1.02 to 2.93, NNT of 11). Similar results were
observed at 3 months (OR 1.88, 95% CI 1.25 to 2.81),
6 months (OR 1.43, 95% CI 0.22 to 9.24) and at 24 months
(OR 2.52, 95% CI 1.65 to 3.86, NNTof 5), figure 2.

An unadjusted analysis showed approximately the same esti-
mates: 12 months (OR 1.51, 95% CI 0.94 to 2.41), 3 months
(OR 1.68, 95% CI 0.93 to 3.04), 6 months (OR 1.61, 95% CI
0.34 to 7.57) and 24 months (OR 2.83, 95% CI 1.93 to 4.15).

Secondary outcomes
Overall, the secondary outcomes supported the findings of the
primary outcome. Adolescents randomised to patient education
and exercise therapy reported about 10 mm lower “worst pain
last week” at all time points (table 2). The KOOS showed better,

Figure 1 Flow chart (PFP, patellofemoral pain; VAS, visual analogue scale).
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though not consistently significant or clinically relevant, mean
scores among the group randomised to patient education and
exercise therapy, with mean between-group differences ranging
from 0 to 12 points for the different subscales and time points.
EQ-5D scores, PAS levels and sports participation per week
were similar between groups, table 2.

Prespecified subgroup analysis based on adherence to
exercise
Adolescents randomised to patient education and exercise
therapy participated in a median of 8.5 supervised training ses-
sions (20% of the 42 supervised training sessions possible).
None had good adherence with the supervised training sessions.
They performed a median of 25 home exercise sessions (36% of
the 69 possible sessions). The median total number of training
sessions (supervised and home-based) was 29, corresponding to
an average of 2.2 training sessions per week.

Adolescents who participated in more than 40% of the super-
vised training sessions had 1.08 (95% CI 0.96 to 1.22) times
higher odds of having recovered at 12 months compared with
those participating in less than 40%. Adolescents with good
adherence to home exercises (>70% of possible number of
days) had 4.04 higher odds (95% CI 1.42 to 11.55) of having
recovered at 12 months. Performing exercise therapy 1–2 times
weekly at home increased the OR to 1.47 (95% CI 0.57 to
3.75) compared to those with an average of 0–1 weekly ses-
sions. For those exercising at home 2–3 times weekly, the OR
was further increased to 2.10 (95% CI 0.15 to 28.71) and for
those performing the exercises at home a minimum of 3 times
per week the OR was 4.48 (95% CI 2.79; 7.21; figure 3).

The combined number of supervised and home exercises per
week did not show the same strong dose–response relationship
OR 2.00 (95% CI 1.6 to 2.49) for 1–2 vs 0–1 sessions per
week, OR 1.2 (95% CI 0.05 to 30.12) for 2–3 sessions per
week and OR 2.6 (95% CI 0.45 to 15.05) for more than 3 ses-
sions per week.

Co-interventions and satisfaction
Adolescents randomised to patient education and exercise therapy
were more likely to be satisfied with the results of the treatment.
They were also less likely to use medication at 3 and 6 months, and
less likely to use other therapies at 3, 12 and 24 months (table 3).

DISCUSSION
This is the first study investigating the effect of patient education
and exercise therapy among adolescents with PFP. The study
shows that adolescents randomised to patient education and
exercise therapy were more likely to have recovered at all time

Table 1 Baseline characteristics

Patient
education
(n=59)

Patient education
and exercise
therapy (n=62) All (n=121)

Age 17.3 (0.9) 17.2 (1.1) 17.2 (1.0)
Gender (% females) 86 74 80
Weight (kg) 66.5 (12.8) 63.0 (11.3) 64.7 (12.1)
Height (cm) 171.7 (8.3) 172.2 (9.1) 172.0 (8.7)
BMI 22.4 (3.1) 21.1 (2.5) 21.7 (2.9)
Duration of symptoms (n) (months)
2–6 1 5 6
6–12 5 5 10

>12 53 52 105
Average pain duration
(months)*

39 (24;63) 36 (18;51) 39 (21;60)

Bilateral PFP (% yes) 80 77 79
Sports participation (%
participation in leisure
time sports)

32 34 33

Number of times per
week for those involved
in leisure time sports

3 (2;4) 3 (2;4) 3 (2;4)

Previously treated for
PFP (%)

32 23 28

Pre-existing foot
orthoses (n)

2 2 4

Pain medication for knee
pain (% who replied
yes)

19 24 21

Pain at rest (visual
analogue scale)*

15 (4;29) 9 (2;22) 13 (3;27)

Pain during activity
(visual analogue scale)*

52 (34;67) 50 (35;64) 50 (35;64)

Worst pain last week
(visual analogue scale)*

47 (33;69) 48 (34;64) 48 (34;65)

*Median and IQR. 0–100, best to worst scale.
BMI, body mass index; PFP, patellofemoral pain.

Figure 2 Primary outcome:
self-reported recovery. An OR above
1.0 indicates that the odds of being
recovered are higher among
adolescents randomised to patient
education and exercise therapy.
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points compared with those receiving patient education alone.
This study adds evidence-based knowledge about treatment of
adolescent PFP in general practice and suggest that exercise
therapy is effective and adherence is important for recovery.

Comparison to previous studies
The latest systematic review covering conservative treatment of
PFP in adults shows strong evidence that exercise therapy is
more effective than placebo treatment.9 Even though PFP is
common among adolescents,5 23 only one small randomised
trial has been conducted among adolescents.24 Eng and
Pierrynowski24 recruited 20 adolescent females with excessive
forefoot varus or calcaneal valgus. They found that a combin-
ation of exercises and orthoses resulted in larger reductions in
pain after 8 weeks compared with exercise alone. This may
point towards an additive effect of exercises and orthoses
among the subgroup of adolescents with excessive forefoot
varus or calcaneal valgus. van Linschoten et al10 compared exer-
cise therapy to usual care. They, however, included a mixed-age
group, with the majority being above 18 years of age. Usual care
was similar to the patient education used in our study. van

Table 2 Mean and 95% CI of secondary outcomes including the
adjusted mean difference between groups

Outcome

Patient
education
(n=59)

Patient
education and
exercise therapy
(n=62)

Adjusted mean
difference between
groups (95% CI)

Worst pain last week (mm) (months)
3 51 (44;58) 40 (24;56) −11 (−30 to 9)
6 51 (31;70) 41 (21;60) −10 (−38 to 19)
12 49 (45;53) 37 (34;39) −11 (−18 to 5)
24 35 (1;69) 24 (15;33) −11 (−46 to 25)

KOOSpain (0–100, worst to best) (months)
3 71 (67;74) 78 (76;81) 4 (−2 to 11)
6 74 (74;75) 79 (76;82) 2 (−6 to 9)
12 73 (70;76) 79 (79;80) 3 (0 to 6)*
24 73 (61;84) 85 (84;85) 10 (3 to 17)*

KOOSsymptoms (0–100, worst to best) (months)
3 79 (75;80) 84 (82;86) 3 (2 to 4)*
6 80 (73;85) 82 (74;89) 0 (−9 to 9)
12 77 (77;78) 83 (81;85) 2 (−2 to 5)
24 76 (67;86) 84 (81;87) 7 (−4 to 19)

KOOSADL (0–100, worst to best) (months)

3 81 (79;82) 89 (89;89) 5 (−1 to 11)
6 84 (83;85) 90 (87;92) 3 (−3 to 9)
12 83 (82;83) 89 (88;90) 3 (0 to 6)*
24 83 (75;91) 91 (90;92) 6 (1 to 12)*

KOOSsport/rec (0–100, worst to best) (months)
3 58 (53;62) 68 (64;73) 6 (−4 to 16)
6 61 (60;61) 71 (60;82) 5 (−13 to 22)
12 58 (51;65) 70 (64;77) 7 (−7 to 20)
24 62 (43;80) 75 (68;82) 10 (−7 to 28)

KOOSQOL (0–100, worst to best)
3 54 (52;57) 62 (54;71) 6 (−5 to 16)
6 58 (56;59) 63 (52;75) 4 (−9 to 18)
12 59 (59;60) 65 (63;67) 4 (1 to 6)*
24 58 (47;69) 71 (65;78) 12 (0 to 25)*

Sport sessions per week† (times per week) (months)
3 1 (0;2.5) 1 (0;3) 0.07 (−0.19 to 0.34)‡
6 2 (0;3) 1 (0;2.5) −0.19 (−0.44 to 0.06)‡
12 2 (0;3) 1.5 (0;3) −0.11 (−0.63 to 0.41)‡
24 1 (0–2) 1.5 (0;2.5) 0.31 (−0.19 to 0.81)‡

PAS† (metabolic equivalent) (months)
3 46.4 (45.7;47.0) 44.6 (42.2;47.1) −1.8 (−3.7 to 0.2)
6 47.5 (41.3;53.7) 45.6 (44.9;46.4) −2.4 (−7.0 to 2.1)
12 47.6 (44.6;50.6) 47.9 (45.3;50.4) 0.0 (−4.3 to 4.2)
24 47.6 (43.7;52.7) 46.3 (37.2;51.4) −2.5 (−6.3 to 1.3)

EQ-5D† (index score) (months)
3 0.78 (0.72;0.82) 0.78 (0.78;1.00) 0.04 (−0.03 to 0.12)‡
6 0.76 (0.66;0.82) 0.82 (0.72;0.84) 0.00 (−0.12 to 0.12)‡
12 0.78 (0.72;0.82) 0.82 (0.77;1.00) 0.03 (−0.09 to 0.14)‡
24 0.82 (0.72;0.84) 0.82 (0.78;1.00) 0.05 (−0.01 to 0.11)‡

*<0.05.
†Median and IQR.
‡Coefficients from Poisson regression. The value is the expected increase in log count
for the group randomised to exercise therapy and patient education compared to the
group randomised to patient education alone.
EQ-5D, EuroQol 5-dimensions; KOOS, Knee injury and Osteoarthritis Outcome Score;
PAS, Physical Activity Scale.

Figure 3 Adherence with supervised and home-based exercises. The
grey bars showing the percentage of adolescents who participated in
an average of 0–1, 1–2, 2–3 or more than three supervised or
home-based exercises per week.

Table 3 Proportions and OR for a comparison of the use of
medication, other therapies and satisfaction with the result of
treatment

Outcome

Patient
education
(n=59)

Patient education and
exercise therapy (n=62) OR(95% CI)*

Medication (% who replied yes) (months)
3 23 18 0.8 (0.7 to 0.8)
6 30 16 0.4 (0.3 to 0.6)

12 29 31 1.1 (0.5 to 2.4)
24 18 13 0.7 (0.3 to 1.5)

Other therapies (additional physiotherapy, orthoses, acupuncture)
(% who replied yes) (months)
3 19 16 0.8 (0.7 to 0.9)
6 21 19 0.9 (0.5 to 1.5)
12 34 20 0.5 (0.3 to 0.8)
24 33 10 0.2 (0.1 to 0.5)

Satisfaction with the result of the treatment (% who replied 1 or 2 on the
five-point Likert scale) (months)
3 19 51 4.4 (1.8 to 10.8)
6 35 57 2.4 (1.1 to 5.5)
12 36 60 2.6 (2.4 to 2.8)
24 22 44 2.8 (1.4 to 5.3)

*Odds below 1.0 indicate the group randomised to patient education and exercise
therapy being less likely to use medication or other therapies.
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Linschoten et al10 found a recovery rate of 62% in the exercise
group and 51% in the usual care group corresponding to
adjusted odds for recovery of 1.60 at 12 months. That OR is
similar to ours (OR of 1.73, their NNT=9, our NNT=11);
however, their proportion of recovered participants (62%) was
much larger than ours (38%).

In the study by Collins et al,25 only participants aged 18 and
older were included. At 12 months follow-up, the proportion of
participants who reported moderate or marked improvement
(similar to the primary outcome in the current RCT) was 81% in
the group receiving exercise therapy only. The proportion of
recovered adolescents in our trial compared with previous trials
suggests that patient education and exercise therapy may be
slightly less effective in adolescents compared with adults. One
of the reasons may be the long symptom duration. Previous
studies show that a long symptom duration26 27 is associated with
worse outcome and only 5% of the adolescents reported a
symptom duration below 6 months. This is a longer symptom
duration compared with previous trials on adults. van Linschoten
et al10 reported that almost 70% of their patients had a symptom
duration between 2 and 6 months, while the median symptom
duration reported by Collins et al25 was 28 months with only
25% having a symptom duration below 12 months. Future
studies might consider intervening even earlier.

Explanation of results
The dose–response association between adherence to home
exercises and recovery would suggest that adherence is highly
important and that the more often home exercises are per-
formed, the greater the odds of recovery. Before starting the
study, we expected that adherence would be a challenge and
introduced several strategies to increase adherence. Despite this,
adherence to supervised exercise in particular was low.
However, overall, adolescents exercised on average 2.2 times
per week, which is similar to what was observed in previous
trials on exercise for adults with PFP.10 25 28 This suggests that
home exercise, performed after attending a patient education
session and receiving thorough instructions from a physical ther-
apist, and with weekly SMS reminders, is a viable treatment
option for adolescent PFP.

Strengths and weaknesses of the study
Owing to the study design and recruitment procedure, the
sample size was fixed in advance. Because recruitment took place
from a population-based cohort, a cluster RCT seemed a better
design compared with randomisation at subject level. However,
we were limited to four clusters, which reduced the benefits of
the randomised design. Randomisation at subject level could
have introduced a high risk of contamination if two adolescents
in one class were allocated to two different interventions.29

Our primary outcome was self-reported recovery.
Self-reported recovery does not itemise in which domain the
adolescent has recovered. In support, our secondary outcomes
pointed towards greater improvements in more specific domains
such as self-reported KOOS pain, ADL, function and sport,
quality of life as well as satisfaction with the result of treatment,
which all are of great relevance for our patient group.

A significant strength is that all adolescents were recruited
from a population-based cohort and only one eligible adolescent
did not want to participate. Recruiting from a population-based
cohort is very relevant for adolescents, as those with an insidious
onset of knee pain (such as PFP) are less likely to contact their
GPs compared with adolescents with knee pain of traumatic
onset.1 This suggests that the study results have a very high

external validity and are generalisable to the adolescent popula-
tion between 15 and 19 years. Further, the internal validity is
increased by recruitment of all adolescents at one time point and
conducting follow-ups within the same time period of the year.

Clinical implications
This study points to an effective evidence-based treatment option
for adolescents with PFP, a troubled group of patients commonly
seen in general practice. The GP can with confidence refer the
patient to a physiotherapist to learn the exercises needed. The
patient can perform the exercises at home, or under supervision of
the physiotherapist, whichever option promotes a high adherence
to the exercises. Our use of a predefined set of simple guidelines11

for determining when to reduce and when to add to the exercises
will help individualise and replicate the exercise programme in
clinical practice.

Future research
This trial highlighted the importance of adherence. Future
studies should consider strategies that can improve adherence.
Within the large group of adolescents with PFP there might be
subgroups of adolescents who respond better to specific treat-
ments. It may be that adolescents with a very high activity level
may respond better to activity modification for a short period of
time. Likewise, adolescents with poor adherence and no interest
in exercises would benefit more from foot orthoses. If these sub-
groups exist it may be an option to improve recovery rates.

CONCLUSION
In adolescent PFP, the addition of exercise therapy for 3 months was
more effective than patient education alone. The effect was apparent
even at 3 months and increased up until 2 years. Adherence to exer-
cises was important and improved the odds of recovery.

What are the new findings

▸ At all time points (3–24 months), exercise therapy and
patient education were more effective than patient
education alone on self-reported recovery among
adolescents with patellofemoral pain.

▸ After 24 months, 44% had recovered among those
randomised to patient education and exercise therapy while
only 22% had recovered among those randomised to patient
education.

▸ There was a positive dose–response relationship between exercise
and recovery, suggesting at least two weekly home-based
sessions are needed and more exercise is even better.

Impact on clinical practice in the near future

▸ An evidence-based treatment can now be offered to
adolescents with patellofemoral pain.

▸ The physician can with confidence refer adolescents with
patellofemoral pain to a physiotherapist teaching the patient
the exercises needed.

▸ General practitioners and physicians should be aware that
adolescent patellofemoral pain is a serious knee condition
and significant proportions of patients continue to have pain
even after 2 years.
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