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ABSTRACT

Objectives The aim of this study was to examine the
effectiveness of an enhanced online injury prevention
programme on the number of running-related injuries
(RRIs) in recreational runners.

Methods We conducted a randomised-controlled trial
in runners who registered for running events (distances:
10-42.195 km) in the Netherlands. Adult runners

who provided informed consent were randomised

into the intervention or control group. Participants in
the intervention group received access to the online
prevention programme, which included items to
prevent RRIs. Participants in the control group followed
their regular preparation for the running event. The
primary outcome measure was the number of new

RRIs from baseline to 1 month after the running event.
To determine differences between injury proportions,
univariate and multivariate logistic regression analyses
were performed.

Results This study included 4050 recreational runners
(63.5% males; mean (SD) age: 42.3 (12.1) years) for
analyses. During follow-up, 35.5% (95% Cl: 33.5 to
37.6) of the participants in the intervention group
sustained a new RRI compared with 35.4% (95% Cl:
33.3 to 37.5) of the participants in the control group,
with no between-group difference (OR: 1.03; 95% CI:
0.90 to 1.17). There was a positive association between
the number of items followed in the injury prevention
programme and the number of RRIs (OR: 1.05; 95% Cl:
1.00 to 1.11).

Conclusion The enhanced online injury prevention
programme had no effect on the number of RRIs in
recreational runners, and being compliant with the
programme paradoxically was associated with a slightly
higher injury rate. Future studies should focus on
individual targeted prevention with emphasis on the
timing and application of preventive measures.

Trial registration number NL7694.

INTRODUCTION

Running is a popular form of physical activity:
it is easy to perform, easily accessible and has a
range of health-related benefits.' Unfortunately,
running can also be associated with a high number
of running-related injuries (RRIs) with a prevalence
between 10% and 92%.%° This large range is likely
due to a lack of consistency in defining an injury,

1

heterogeneity of studied running populations and
variable exposure times.

As first steps towards prevention of RRIs, risk
factors have been assessed in multiple studies.
These studies identified several risk factors,
including a previous RRI, no previous running
experience, higher body mass index, higher age
and a high weekly running distance.”” The large
variety of risk factors indicates that the cause of
RRIs is multifactorial.'® However, most prevention
studies focused on modifying one single risk factor
for RRIs, for example no previous running experi-
ence and increasing training load too fast.'* 1> These
studies found no effect on the number of RRIs,
which may be due to the fact that they targeted
only one single risk factor. In addition, literature
shows that runners’ assumptions on RRI preven-
tion is not supported by scientific evidence which
demonstrates the need to inform runners on known
risk factors.”® '* In 2017, we designed the INter-
vention Study on Prevention of Injuries in Runners
at Erasmus MC (INSPIRE) trial, a randomised-
controlled trial (RCT) in which the effect of a
multifactorial online injury prevention programme
on the number of RRIs was investigated.” This
programme did not decrease the number of RRIs in
recreational runners. However, new insights were
gained to enhance injury prevention in runners,
including runners’ opinions, barriers and facilita-
tors of injury prevention.'® ' We found indications
that the prevention programme even increased the
number of new RRIs in runners with no previous
RRI." Therefore, we concluded that research on
RRI prevention should target runners who previ-
ously reported injuries, because these runners
seem to be more motivated to perform preventive
measures than runners with no history of RRIs.'
Furthermore, runners reported that a website and
application were the most preferred routes of infor-
mation delivery. Last, participants indicated that
‘not knowing what to do” was an important barrier
for injury prevention.'® As shown by Hesphanol et
al in trail runners, online tailored advice may have
the potential to prevent RRIs."® Specific poten-
tial educational content was earlier suggested by
Murray et al and Blagrove et al in terms of regis-
tration and monitoring of weekly training load and
the integration of running-specific strengthening
exercises in training schedules.'” 2 Runners clearly
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prefer practical and straight instructions with the use of anima-
tions and interactive tools, which can be integrated into their
training sessions with great ease.

Therefore, we designed an enhanced online injury preven-
tion programme entitled ‘10 steps 2 outrun injuries’. The aim
of this study was to examine the effectiveness of this prevention
programme on the number of RRIs in recreational runners.

METHODS

Study design

The Shaping up Prevention of Running Injuries in the Nether-
lands using Ten steps (SPRINT) study is an RCT in recreational
runners with a minimum follow-up of 3 months. A detailed
study protocol of the SPRINT study has been published else-
where.?! This study was funded by the Netherlands Organisation
for Health Research and Development (ZonMW, grant number
50-53600-98-104) and was performed in collaboration with the
Rotterdam Marathon Study Group of Golazo Sports, the organ-
iser of large running events in the Netherlands.

Participants

Runners who registered for the DSW Bruggenloop Rotterdam
2019 (15 km), Nacht van Groningen 2020 (10, 16.1 and 21.1
km), NN CPC Loop The Hague 2020 (10 and 21.1 km) or NN
Marathon Rotterdam 2020 (10.55 and 42.195 km) were asked
to participate in this study through a question on the online
registration form. Interested runners who met the inclusion
criteria (18 years or older, registration at least 2 months before
the running event, sufficient knowledge of the Dutch language,
access to internet and email and no participation in the previous
INSPIRE trial) received more information about the SPRINT
study by email. If they were still interested, participants were
asked to provide digital informed consent and complete the
baseline questionnaire. For runners who registered for multiple
selected running events only the first registration was taken into
account.

Randomisation and follow-up

After completing the baseline questionnaire, participants were
randomised into either the intervention or control group, using
a computer-generated randomisation list (Microsoft Access) with
block sizes of 40. The allocation was concealed, as the rando-
misation table was generated by an individual from outside the
research group and was not accessible for the research team
during the inclusion and data collection. The participants were
informed on the outcome of the randomisation by a member
of the research team. Participants in the intervention group
received a personal login code to the website that included the
prevention programme, to which they had unlimited access.
Moreover, a Web App version was made available. Participants
in the control group followed their regular preparation for the
running event. During follow-up, all participants received three
follow-up questionnaires to inform on new RRIs in the time
frame between the last questionnaire and current questionnaire:
1 month and 1 week before the running event, and 1 month after
the running event. In addition, all participants received every
two weeks a newsletter with updates on the SPRINT study and
a hyperlink to an online injury questionnaire with the question
to actively register any new RRI. The newsletters for the inter-
vention group additionally highlighted one of the items of the
prevention programme.

The "10 steps 2 outrun injuries’ prevention programme

The prevention programme was based on literature, the exper-
tise of clinicians and researchers and the results and knowledge
gained through the INSPIRE trial.”*~"” This programme included
10 items with specific advice and tools to prevent RRIs (online
supplemental appendix A). More detailed information about the
items can be found elsewhere.?'

Measurements

Items of the four sections (demographics, training, running
events and previous RRI) collected through the baseline ques-
tionnaire are presented in online supplemental appendix B.
Information on new RRIs was obtained with the follow-up ques-
tionnaires and the biweekly injury questionnaires (online supple-
mental appendix B).

Outcome measures
The primary outcome measure of this study is the difference in
injury proportion between the intervention and control group
from baseline to 1 month after the running event, based on partic-
ipants with at least one new injury reported in the follow-up
questionnaires and the injury questionnaires filled-in through
the biweekly newsletters. An RRI was defined as a self-reported
injury of the muscles, joints, tendons and/or bones in the lower
back or lower extremities (hip, groin, thigh, knee, leg, ankle,
foot and toes) that is caused by running (training or competi-
tion). The injury had to be severe enough to cause a reduction
in running distance, speed, duration or frequency for at least
seven days or three consecutive scheduled training sessions or
the consultation of a physician or other health professional had
to be necessary.”*

Secondary outcome measures included the clustered injury
location, severity of RRIs based on the OSTRC Overuse Injury
Questionnaire, and medical consumption.

Sample size

Based on the INSPIRE trial, an injury incidence of 38% was
expected in recreational runners who register for a running
event (distance: 10-42.195 km) at least 2 months before the
running event until 1 month after the running event.!” Since the
prevention programme was focused on runners with a previous
RRI, the sample size calculation was based on the subgroup
analysis of runners with a previous RRI. With a risk difference
of 5%, 0.05 significance level (two-sided testing and a power
of 80%), a minimum of 1414 runners with a previous RRI had
to be included in the analyses to detect a relevant difference in
RRIs. Since the INSPIRE trial reported that 52.1% of the partic-
ipants sustained a previous RRI, the sample size was doubled in
order to obtain enough power for the primary analyses in the
entire study population.'® Taking a loss to follow-up of 20% into
account, at least 3394 runners had to be included in this study.

Statistical analyses

Descriptive statistics were used to describe all variables, expressed
in frequency or mean and SDs. Participants in the intervention
and control group were compared with independent sample t
tests (continuous data), Mann-Whitney U tests (continuous data)
and y? tests (dichotomous data). Consistent with the Consoli-
dated Standards of Reporting Trials (CONSORT) statement, an
intention-to-treat analysis was performed.” Injury proportions
with 95% CIs were calculated for all participants and for the
intervention and control group separately, for which a difference
in injury proportion was calculated. To correct for errors, we
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checked whether participants who reported an RRI filled in an
RRI on the same location in the previous questionnaire. If not,
the RRI was interpreted as a new RRI. If they did, this RRI was
not regarded as a new RRI. Additionally, ORs with 95% CI were
calculated using univariate logistic regression analysis. Potential
confounders (age, body mass index (BMI) and previous RRI) and
baseline characteristics with a significant difference between the
intervention and control group were added one by one to the
univariate regression model. If a potential confounder altered
the unadjusted estimate effect by 10% or more, this confounder
was added to the multivariate logistic regression model to calcu-
late adjusted ORs and to the generalised linear models to calcu-
late adjusted risk ratios. Predefined subgroup analyses were
performed for distance of running event, sex, running experience
(=1 year/>1 year), previous RRI and reported RRI at baseline.
Moreover, between-group differences in the clustered injury
locations (lower back, hip/groin, upper leg/knee, lower leg (shin/
calf/Achilles tendon/ankle), and foot/toe) were analysed. Based
on the request of peer reviewers, we made a minor protocol
deviation in the predefined subgroup analysis; we calculated the
injury proportion and adjusted ORs for participants without an
RRI at baseline. With the OSTRC Overuse Injury Questionnaire,
the OSTRC severity score (0-100) of new RRIs was calculated
and every new RRI was categorised into a substantial overuse

injury (yes/no).”* Next, between-group differences in OSTRC
severity score, substantial overuse injury, pain score (Numeric
Rating Scale (0-10)), use of painkillers and/or non-steroidal
anti-inflammatory drugs (NSAIDs), and medical attention were
calculated. A sensitivity analysis was performed to compare the
injury proportion of participants in the intervention group who
were compliant with the prevention programme with the injury
proportion of the control group. Participants were regarded
compliant if they reported that they applied at least one item
from the prevention programme to their training sessions. Last,
an explorative additional analysis on the number of used items in
relation to the injury risk was performed using univariate logistic
regression analyses. All analyses were performed in SPPS Statis-
tics V.25 and p values <0.05 were regarded as statistically signif-
icant. Missing data were not imputed and analyses were based
on complete data.

RESULTS

Participants

After registration for one of the selected running events, 9614
runners were interested in participation in the SPRINT study
(figure 1). Of these, 4105 participants were included and
randomised into either the intervention group (n=2054) or

Interested in SPRINT study
N=9614)

Excluded (N=5509)
* No consent (N=4874)

¢—>

* Redgistration < 60 days (N=345)
* Participation in previous tnal (N=265)
+ < 18 years old (N=24)

Consent + baseline
questionnaire (N=4105)

* Duplicate registration (N=1)

Intervention group Control group
(N=2054) N=2051)
Lost to folow-up (N=31) ¢ » Lost to follow-up (N=24)
* Withdrawal of consent * Withdrawal of consent
duning folow-up (N=31) Biweekly injury BmweeHy injury during followup (N=24)
questonnaire questionnarre
(N=328) (N=298)
Access toinjury
prevention programme
. v
Follow-up questionnaire 1 Follow-up questionnaire 1
(N=1483) (N=1486)
I I
| [—] e
questonnaire m questionnaire
(N=48) (N=39)
Follow-up questionnaire 2 Follow-up que stionn aire 2
(N=1389) M =1404)
I I
Biweekly injury BiweeHy injury
quesonnaire estionnair e
(N=T) (N=5)
[ Running event l ’ Running event
1 T
Baweekly injury Biwee Hy injury
quesfonnaire questionnaire
(N=38) (N=35)
Follow-up questionnaire 3 Follow-up questionnaire 3
(N=1378 MN=1369)
T I
quesbonnaire questionnaire
(N=5) (N=4)

[ Analysed (N=2023) I

Figure 1

' Analysed (N=2027)

Flowchart of the SPRINT study. SPRINT, Shaping up Prevention of Running Injuries in the Netherlands using Ten steps.
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Table 1 Baseline characteristics of the study population

Intervention

Total group Control group
(n=4050) (n=2023) (n=2027)
Demographics
Sex (male) 2570 (63.5) 1299 (64.2) 1271 (62.7)
Age (years)® 42.3(12.1) 42.8(12.4) 41.7 (11.9)*
BMI (kg/m?)® 23.3(2.6) 23.4(2.6) 232(2.6)*
Training characteristics
Running experience (years)® 10.3(10.1) 10.4 (10.2) 10.1 (10.0)
Weekly training frequency® 26(1.3) 26(1.3) 26(1.3)
Weekly training hours® 3.1(2.8) 3.1 (2.6) 3.1 (3.0
Weekly training distance (km)® 26,5 (22.7) 26.8 (21.4) 26.2 (23.8)
Running speed (min/km)® 5.8 (0.9) 5.8 (0.8) 5.8 (0.9)
Type of training (%)
Endurance training 70.6 (21.4) 70.5 (21.4) 70.7 (21.4)
Interval training 22.5(17.7) 22.6(17.9) 22.4(17.6)
Specific exercises 6.9 (9.9) 6.9 (9.8) 7.0 (10.1)
Membership of a running club 1210 (29.9) 612 (30.3) 598 (29.5)
(yes)
Use of training schedule (yes) 2636 (65.1) 1307 (64.6) 1329 (65.6)
Participation in another sport 3276 (80.9) 1634 (80.8) 1642 (81.0)
than running (yes)
Running events
Distance registered for
10/10.55 km 894 (22.1) 455 (22.5) 439 (21.7)
15/16.1 km 534 (13.2) 268 (13.2) 266 (13.1)
Half marathon 579 (14.3) 291 (14.4) 288 (14.2)
Marathon 2043 (50.4) 1009 (49.9) 1034 (51.0)
Participation in a previous 3791 (93.6) 1901 (94.0) 1890 (93.2)
running event (yes)
Average participations per yearA 8.1(8.7) 8.3 (8.8) 8.0 (8.6)
RRI
Previous RRI in the last 12 2000 (49.4) 979 (48.4) 1021 (50.4)
months (yes)
Reported RRI at baseline (yes) 763 (18.8) 351 (17.4) 412 (20.3)*

Categorical data are presented as n (%) and continuous data (%) as means (SD).
*Statistically significant difference between intervention and control group (p<0.05).
BMI, body mass index; km, kilometre; RRI, running-related injury.

control group (n=2051). During follow-up, 55 participants were
lost due to withdrawal of consent. A total of 2023 participants
in the intervention group and 2027 participants in the control
group were included for analyses. Compared with participants
in the control group, participants in the intervention group were
at baseline on average (SD) older (42.8 (12.4) vs 41.7 (11.9),

p=0.01) and had a higher BMI (23.4 (SD: 2.6) vs 23.2 (SD: 2.6)
p=0.01) (table 1). A total of 2000 (49.4%) participants reported
a previous RRI in the last 12 months. Compared with partici-
pants in the control group, participants in the intervention group
reported less RRIs at baseline (17.4% vs 20.3%, p=0.02).

Follow-up questionnaires

The mean follow-up duration was 5.0 (range: 3.0-7.8) months,
with no between-group difference. A total of 3312 (81.8%)
participants completed at least one of the follow-up question-
naires, while 2329 (57.5%) participants completed all follow-up
questionnaires. Participants who did not complete any of the
follow-up questionnaires were on average (SD) younger (37.8
(10.7) vs 43.3 (12.2), p<0.001), had less running experience
(8.0 (8.6) vs 10.8 (10.3) years, p<0.001) and participated less
often in a previous running event (89.8% vs 94.4%, p<0.001)
compared with participants who completed at least one follow-up
questionnaire (online supplemental appendix C).

Primary outcome measure

During follow-up, 1436 participants (35.5%, 95% CI: 34.0 to
36.9) sustained a new RRI, with a total of 2245 new injuries
(1131 RRIs in the control group and 1114 RRIs in the interven-
tion group) (table 2). The injury proportion for the intervention
group was 35.5% (95% CI: 33.5 to 37.6) and for the control
group 35.4% (95% CI: 33.3 to 37.5), with no differences
between groups (adjusted OR: 1.03, 95% CI: 0.90 to 1.17).

Subgroup analyses and secondary outcome measures
In all participants, the most reported injured location was the
knee (11.0% in the control group and 10.4% in the intervention
group) (figure 2). There were no significant differences in the
clustered injury locations between the intervention and control
group (table 2). Subgroup analyses performed for the distance of
running event registered for, sex, running experience, previous
RRI, and reported RRI at baseline showed no significant differ-
ences in injury proportions between the intervention and control
group either (table 3). In participants without an RRI at base-
line, the injury proportion was 33.1% (95% CI: 30.8 to 35.3)
in the intervention group and 32.6% (95% CI: 30.3 to 34.9) in
the control group, with no differences between groups (adjusted
OR: 1.03, 95% CI: 0.89 to 1.20) (online supplemental appendix
D).

Data on RRI severity on 13 of the 2245 reported new RRIs
were missing due to a questionnaire error. The OSTRC severity
score was on average 53.2 (SD: 26.1) for all participants, with

Table 2 Total number of injuries and per clustered injury location with differences between the intervention group and control group (h=4050)

Total Intervention group  Control group Crude difference Adjusted odds ratio*t Adjusted risk ratio*
n (%) n (%) n (%) % (95% Cl) (95% CI) (95% Cl)
Primary outcome
Newly reported RRI 1436 (35.5) 719 (35.5) 717 (35.4) 0.2 (-2.8t03.2) 1.03 (0.90 to 1.17) 1.02 (0.94 to 1.11)
during follow-up (yes)
Secondary outcome: injury location
Lower back 170 (4.2) 86 (4.3) 84 (4.1) 0.1(-1.2t01.4) 1.02 (0.75 to 1.39) 1.02 (0.76 to 1.37)
Hip/groin 247 (6.1) 128 (6.3) 119 (5.9) 0.5(-1.1102.0) 1.10 (0.85 to 1.43) 1.09 (0.86 to 1.39)
Upper leg/knee 637 (15.7) 314 (15.5) 323 (15.9) -0.4(-191t02.7) 0.99 (0.84 to 1.18) 1.00 (0.87 to 1.15)
Lower leg 597 (14.7) 304 (15.0) 293 (14.5) 0.6 (-1.7t02.8) 1.06 (0.89 to 1.26) 1.05 (0.91 to 1.22)
Foot/toe 243 (6.0) 120 (5.9) 123 (6.1) -0.1(-1.4t01.6) 0.98 (0.75 to 1.27) 0.98 (0.77 to 1.25)

*Adjusted for the variables age, BMI, RRI in previous 12 months and reported RRI at baseline.
tControl group is reference.
BMI, body mass index; RRI, running-related injury.
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Injury proportions per injury location
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no difference between the intervention and control group (53.2
(SD: 25.9) vs 53.2 (SD: 26.4)). A total of 1441 (64.6%) RRIs
were classified as a substantial overuse injury, with a significant
difference between the intervention and control group (747
(66.6%) vs 694 (62.5%), p<0.05). Of the participants (n=1250)
who reported a new RRI in the follow-up questionnaires, 198
(15.8%) participants used painkillers and/or NSAIDs and 548
(43.8%) participants received medical attention (table 4).

Sensitivity analysis
Of the participants in the intervention group who completed
the last follow-up questionnaire (n=1378), 922 (66.9%)

Intervention group

I

- I I 'I
' ' iI i I i ' iI

Knee Shin* Calf

Achilles
tendon

Ankle Foot

Location

statistically significant difference between intervention and control group (p<0.05).

participants reported that they read at least one item of
the injury prevention programme, of whom 491 (53.3%)
participants read at least five items and 256 (27.8%) partic-
ipants read all 10 items. A total of 680 (49.3%) participants
reported that they applied at least one item to their training
sessions and were therefore compliant with the prevention
programme. The most applied items were ‘take enough time
for rest and recovery’ (n=351, 51.6%), ‘make sure there is
variety in movement using specific exercises’ (n=343, 50.4%)
and ‘do not train too much’ (n=333, 49.0%). The injury
proportion of the participants in the intervention group who
were compliant was 44.0% (95% CI: 40.2 to 47.7) compared

Table 3  Subgroup analyses of injury proportions for the intervention and control group

Intervention group Control group Crude difference Adjusted OR* Adjusted risk ratio
n (%) n (%) % (95% ClI) (95% CI) (95% Cl1)
Distance running event
10/10.55 km 137 (30.1) 130 (29.6) .5 (5.7 0 6.6) 1.08 (0.80 to 1.45)t 1.06 (0.87 to 1.29)t
15/16.1 km 88 (32.8) 87 (32.7) 1(-8.11083) 1.08 (0.75 to 1.58)t 1.06 (0.83 to 1.34)t
Half marathon 102 (35.1) 107 (37.2) -2.1(-5.9t010.1) 0.94 (0.66 to 1.33)t 0.98 (0.79 to 1.20)t
Marathon 392 (38.9) 393 (38.0) 8(-3.4105.1) 1.03 (0.86 to 1.24)t 1.03 (0.92 to 1.14)t
Sex
Male 477 (36.7) 466 (36.7) 0.1 (-3.7t03.8) 1.03 (0.87 to 1.21)# 1.02 (0.92 to 1.26)%
Female 242 (33.4) 251(33.2) 0.2 (-4.6 t0 5.1) 1.03 (0.83 to 1.28)% 1.02 (0.89 to 1.18)%
Running experience§
<1 year 82 (39.0) 90 (36.1) 2.9(-6.2t012.1) 1.15(0.78 to 1.69)% 1.10 (0.87 to 1.39)%
>1 year 637(35.2) 627 (35.3) -0.1(-3.1t03.3) 1.02 (0.89t0 1.17)% 1.02 (0.93 to 1.11)%
Previous RRI
Yes 439 (44.8) 438 (42.9) 1.9(-2.5106.4) 1.09 (0.91 to 1.30)1 1.05 (0.95 to 1.16)
No 280 (26.8) 279 (27.7) -0.9(-3.0t04.8) 0.96 (0.79 to 1.17) 0.97 (0.84 t0 1.12)
Reported RRI at baseline
Yes 166 (47.3) 191 (46.4) 0.9 (-6.3t08.2) 1.05(0.79 to 1.39)** 1.02 (0.88 to 1.18)**
No 553 (33.1) 526 (32.6) 0.5(-2.8t03.8) 1.03 (0.89 t0 1.19)** 1.02 (0.92 to 1.13)**

*Control group is reference.

tAdjusted for the variables age, BMI, RRI 12 months before baseline, weekly training frequency and weekly training distance.

+Adjusted for the variables age, BMI, RRI 12 months before baseline and reported RRI at baseline.
§Running experience is missing for three participants.

9lAdjusted for the variables age and reported RRI at baseline.

**Adjusted for the variables age and BMI.

BMI, body mass index; km, kilometre; RRI, running-related injury.
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Table 4 Severity and medical consumption of new RRIs reported in
the follow-up questionnaires

Intervention Control
Total group group
(n=1250) (n=618) (n=632)
Pain score of RRI
Rest (NRS, 0-10)* 2.4(2.3) 2.3(2.3) 25(2.3)
Running (NRS, 0-1 0% 41(2.8) 4.0(2.8) 42(2.8)
Use of painkillers and/or NSAIDs 198 (15.8) 88 (14.2) 110 (17.4)
Treatment of health professional 548 (43.8) 265 (42.9) 283 (44.8)
Physiotherapist 517 (41.4) 248 (40.1) 269 (42.6)
General practitioner 52 (4.2) 27 (4.4) 25 (4.0)
Medical specialist 48 (3.8) 19 (3.1) 29 (4.6)

Categorical data are presented as n (%) and continuous data (%) as means (SD). No
statistically significant differences between intervention and control group.

NRS, numeric rating scale; NSAIDs, non-steroidal anti-inflammatory drugs; RRI, running-
related injury.

with 35.4% (95% CI: 33.3 to 37.5) of the participants in the
control group. Furthermore, there was a positive association
between the number of items applied and the number of RRIs
(OR: 1.05; 95% CI: 1.00 to 1.11)).

DISCUSSION

The aim of this study was to investigate the effect of a specif-
ically designed injury prevention programme on the number
of RRIs in recreational runners. This enhanced online injury
prevention programme did not decrease the number of RRIs.
Neither were there any differences in the number of RRIs in
any of the investigated subgroups of runners. Compliance
with the injury prevention programme had a negative effect
on injury proportion. Of the new RRIs, almost two third were
classified as a substantial overuse injury and almost half of the
participants with a new RRI needed medical attention.

The injury prevention programme did not decrease the
overall number of RRIs in runners. Notably, we found that
being compliant (applied at least one item) with the injury
prevention programme negatively affected the injury propor-
tion. Similar results were found in participants who applied at
least five items of the intervention programme (injury propor-
tion 47.9%, 95% CI: 40.8 to 55.1). Moreover, there was a
positive association between the number of items applied and
the number of RRIs. The negative effect of compliance might
be due to the timing of applying the prevention programme:
the prevention programme may have been initiated as a result
of an RRI (tertiary prevention) and not proactively to prevent
an RRI. Due to the design of this study, we were not able
to determine the time frame between the occurrence of the
RRI and the use of the programme. Furthermore, only 49.3%
of the participants in the intervention group were complaint
to the prevention programme which was only slightly higher
compared with the INSPIRE trial (44.1%). Perhaps, more
targeted educational interventions, as argued by Nielsen et al
and Hespahanol et al may increase compliance.'® ** So future
studies should focus on how to improve compliance and the
timing and application of prevention programmes.

In step six of the prevention programme, runners were advised to
stop running or adapt their training when they experienced discom-
fort or mild pain during running as this can be the first sign of an
RRI. As a consequence, this may have interfered with the primary
study outcome, since a reduction in running for more than seven
days or three consecutive training sessions was considered as an

injury according to our definition of an RRI. Of the 680 participants
who were compliant to the prevention programme, 231 (34.0%)
participants applied the information from step six in their training
sessions. In these participants, the injury proportion was 56.3%
(95% CI: 49.8 to 62.7). Given this high proportion, we analysed the
injury proportion for participants in the intervention group who did
not apply step six to their training sessions (n=1792), resulting in an
overall injury proportion of 32.9% (95% CI: 30.7 to 35.1). As this
injury proportion was 2.6% lower compared with the injury propor-
tion of all participants in the intervention group, the impact of the
advice of step six on the number of reported RRIs seemed relatively
high. Furthermore, we expected that participants who applied step
six to their training sessions reported less substantial overuse injuries.
However, significantly more RRIs of the participants in the interven-
tion group were classified as a substantial overuse injury compared
with the RRIs of the participants in the control group (747 (66.6%)
vs 694 (62.5%), p=0.05).

Because the INSPIRE trial indicated that running prevention
advices should be directive and personalised, we aimed to make items
more actionable (eg, if your step frequency is low, gradually build up
your step frequency) and included animations, videos and interac-
tive tools in the new prevention programme (online supplemental
appendix A). Moreover, we removed the information on forefoot
strike as this seemed to have a negative impact on the occurrence
of lower limb injuries.”” The prevention programme used in the
INSPIRE trial pointed to a negative effect on the occurrence of new
RRIs in the subgroup of runners with no previous RRL'” Therefore,
runners without previous RRIs were advised not to change anything
in their running behaviour in step one of the enhanced injury preven-
tion programme (online supplemental appendix A). This prevention
programme was especially focused on runners who had an RRI in
the past. However, we did not detect any between-group differences
in the subgroup of participants with a previous RRI. Therefore, the
enhanced injury prevention programme did not decrease the number
of RRIs in this subgroup.

Strengths and limitations

A strength of this study was the large sample size of 4105
participants. To our knowledge, this is the largest RCT on RRI
prevention so far. We adhered to the criteria of the CONSORT
statement. Furthermore, the loss to follow-up was relatively
low since more than 80% of the participants completed at
least one of the follow-up questionnaires. A limitation of
this study was that participants who did not complete any
of the follow-up questionnaires were on average younger
and less experienced runners (online supplemental appendix
C). However, these small differences between responders
and non-responders are not expected to impact the primary
study outcomes. A reported RRI during follow-up was not
regarded as new injury if participants reported an RRI on
the same location in the previous questionnaire, and if they
had reported in that same previous questionnaire not yet to
be recovered. Therefore, we may have missed new RRIs on
the same location while the previous injury was still present.
Hypothetically, this new RRI could have had a different
origin than the previous reported RRI (eg, the first RRI may
have been patellofemoral pain and the second additional RRI
a meniscal tear). We expect that this may have occurred in
the vast minority. Another potential limitation is the inclu-
sion of participants with an RRI at baseline, since an existing
injury may impact the risk of new injuries at other locations
due to dysfunction of the kinetic chain. However, sensitivity
analyses excluding those participants with an RRI at baseline
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showed similar results compared with analyses including all
participants. Information on the injury severity and medical
consumption was based on the follow-up questionnaires only
since this information was not collected through the biweekly
injury questionnaires. Therefore, information on the conse-
quences of newly reported RRIs was missing for a total of 186
participants who reported a new RRI in the biweekly injury
questionnaire only.

CONCLUSION

An educational online prevention programme had no effect
on the number of RRIs in recreational runners. The preven-
tion programme also had no impact on the occurrence of new
RRIs in the subgroup of runners with a previous RRI even
though it was specifically aimed at this subgroup of runners.
Runners compliant to the programme reported more inju-
ries compared with those in the control group. Therefore,
future studies should consider focusing on individual targeted
prevention with attention to the timing and application of the
preventive measures.

What is already known?

= The large variety of risk factors indicates that the cause of
running-related injuries (RRIs) is multifactorial. However, most
prevention studies so far focused on modifying one single risk
factor for RRIs and found no effect on the number of RRIs.

What are the findings?

= An educational and multifactorial online injury prevention
programme was not effective in the prevention of RRIs in
recreational runners.

= Even though the injury prevention programme was
specifically aimed at runners with a previous (but not
current) injury, it did not decrease the number of RRls in this
subgroup.

= Being compliant with the injury prevention programme
negatively affected the injury proportion.

How might it impact on clinical practice in the future?

= An educational online injury prevention programme will not
reduce the number of injuries in recreational runners.

= Future studies should focus on how to improve injury
prevention programmes, possibly by more targeted and
individualised educational interventions.
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