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ABSTRACT
Introduction Running-related injuries (RRIs) are
frequent and can lead to cessation of health promoting
activities. Several risk factors for RRIs have been
identified. However, no successful injury prevention
programme has been developed so far. Therefore, the
aim of the present study is to investigate the effect of
an evidence-based online injury prevention programme
on the number of RRIs.
Methods and analysis The INSPIRE trial is a
randomised-controlled trial with a 3-month follow-up.
Both novice and more experienced runners, aged 18
years and older, who register for a running event
(distances 5 km up to 42.195 km) will be asked to
participate in this study. After completing the baseline
questionnaire, participants will be randomised into
either the intervention group or control group.
Participants in the intervention group will get access to
the online injury prevention programme. This
prevention programme consists of information on
evidence-based risk factors and advices to reduce the
injury risk. The primary outcome measure is the
number of self-reported RRIs in the time frame
between registration for a running event and 1 month
after the running event. Secondary outcome measures
include the running days missed due to injuries,
absence of work or school due to injuries, and the
injury location.
Ethics and dissemination An exemption for a
comprehensive application is obtained by the Medical
Ethical Committee of the Erasmus University Medical
Centre Rotterdam, Netherlands. The results of the
study will be published in peer-reviewed journals and
presented on international congresses.
Trial registration number NTR5998. Pre-results

INTRODUCTION
Running is a frequently practised sport that
is still growing in popularity. In the Netherlands
more
than
2 million
people
performed regular running in 2014,1 which
is around 12.5% of the Dutch population.
While running provides many health benefits, the main drawback of running is the
fact
that
runners
are
prone
to

musculoskeletal injuries. A systematic review
showed that the injury proportions in
running vary between 3.2% and 84.9%,
where cross-country runners had lowest
number of injuries and novice runners the
highest number of injuries.2 With the
growing population of runners, the number
of running-related injuries (RRIs) also
increased. Since 2010 the number of RRIs
doubled in the Netherlands from about
350.000 RRIs in 2010 to 710.000 RRIs in
2014.1 However, the number of RRIs is
growing faster than the number of runners.
In 2011, the number of RRIs in the Netherlands corresponded to 4.8 injuries per 1000
running hours, in 2014 this number
increased to 6.1 injuries per 1000 running
hours.1
Several studies have been conducted in
order to identify risk factors for RRIs, in
which many different risk factors have been
identified, for example, overweight, a high
weekly running distance, a low running
cadence and running on outworn shoes.3–6
However, the most frequently identified risk
factor is a previous injury.7–9 Therefore,
prevention of this first injury is very
important.
An extensive literature search showed that
preventive interventions for runners have
only been studied in a few randomisedcontrolled trials (table 1). Most of these
studies focused on one particular modifiable
risk factor for RRIs. Only in a study on the
use of motion control shoes a reduction in
the number of RRIs was found.10 However,
these findings contrast with the results of
another study on the effects of type of
running shoe on pain during running.11
The other prevention studies addressing
one risk factor did not show a reduction in
the number of RRIs.12–16 Since the cause of
running injuries is multifactorial, the focus
on modifying one risk factor is probably not
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Table 1 Randomised controlled trials on the prevention of running-related injuries (RRIs)
Outcome
measure

Study

Participants

Intervention

Main results

Buist
et al12

532 novice runners,
enrolled in a beginners’
programme

Graded training programme with an
increase in training volume of no
more than 10% per week

Incidence
of RRIs

No effect

Bredeweg
et al14

Healthy participants
enrolled in beginners’ 9week training programme

4-week preconditioning training
programme with walking and
hopping exercises

Incidence
of RRIs

No effect

Malisoux
et al10

372 recreational runners

Motion control versus standard
running shoes

Incidence
of RRIs

Motion shoes reduced the
number of injuries in runners
with pronating foot type

Malisoux
et al16

535 leisure-time runners

Standard cushioned running shoes
with different levels of heel-to-toe
drop

Incidence
of RRIs

No effect

Theisen
et al15

247 leisure-time distance
runners

Soft versus hard midsoles in
standard running shoes

Incidence
of RRIs

No effect

Van
Mechelen
et al13

421 male recreational
runners

Standardised warm-up, cooldown
and stretching exercises

Incidence
of RRIs

No effect

Search in Pubmed with search terms: (running injury OR running injuries) AND (prevention OR preventing) AND randomised controlled trial.
Search performed on 22 December 2016.

the best way to decrease the number of RRIs. A multifactorial approach, in which several risk factors are
addressed at the same time, might therefore be more
effective.
Therefore, the aim of the present study is to examine
the effect of an evidence-based online injury prevention programme on the number of RRIs.
METHODS AND ANALYSIS
Study design
The INSPIRE trial (INtervention Study on Prevention
of Injuries in Runners at Erasmus MC) is a randomised-controlled trial with a 3-month follow-up.
Recruitment of participants for the INSPIRE trial takes
place from October 2016 onwards and data analysis
starts in September 2017. A flow chart of the design
and follow-up is shown in figure 1.
This study is funded by the Netherlands Organisation
for Health Research and Development (ZonMW) and is
performed in collaboration with Golazo, an organisation of large running events in the Netherlands. An
exemption for a comprehensive application is obtained
by the Medical Ethical Committee of the Erasmus
University Medical Center Rotterdam, The Netherlands (MEC-2016–292) and the study is registered in
the Dutch Trial Register (NTR5998). All participants
will provide electronic informed consent.
Study population
All runners who register for one of three large running
events are potential participants of the study. The
running events include the NN City Pier City Run The
2

Hague (5 km, 10 km and 21.1 km), NN Marathon
Rotterdam (10.55 km and 42.195 km) and the Ladies
Run Rotterdam (5, 7.5 and 10 km). Runners can
register online for these events. For the current study
purpose, the runners are asked if they are interested in
participating in a study of the Erasmus MC on the
prevention of RRIs on the registration form. Contact
information of interested runners is sent to the
research team. Subsequently, all interested runners will
be sent additional online information about the study
and, if still interested, will be asked to provide
informed consent for the study and fill in the baseline
questionnaire.
Both novice and more experienced runners, aged
18 years and older, can participate in this study. Exclusion criteria are no knowledge of the Dutch language
and no access to internet and/or email. Additionally,
runners that register less than 2 months before the
running event will be excluded because the minimum
follow-up of all runners is 3 months.
Sample size
Based on a recent systematic review on incidence of
RRIs among a mixed population of long-distance
runners, an injury incidence of 16% is expected in the
control group.2 Given the 10.9% injury incidence
found in novice runners,17 it is estimated that in 14%
of the runners in our population an injury will occur
during follow-up. With a risk difference of 5% (this
means a reduction of 90.000 injuries in the Netherlands), 0.05 significance level (one-sided testing) and a
power of 80%, a total of 1006 runners should be
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Figure 1 Flow chart of the INSPIRE trial.

included in the analyses to detect a relevant difference
in RRIs. Taking a loss to follow-up of 10% into
account, at least 1106 runners (553 in each group) will
be included in the trial.
Randomisation
After
completing
the
baseline
questionnaire,
the participants will be randomised into either the
intervention group or the control group using a
computer generated randomisation list with a block
size of 10. The randomisation list is developed by an
individual, who is not part of the research team.
Control group
All participants randomly assigned to the control
group will follow their regular preparation for the
running event. These participants will not receive additional advices for injury prevention.

Injury prevention programme
After randomisation, all participants randomly
assigned to the intervention group will receive an
email with a username and password in order to get
access to the online injury prevention programme.
This prevention programme can only be accessed with
the username and password. The prevention
programme is developed by the researchers by means
of an extensive literature search and aims to modify
evidence-based risk factors for RRIs. The intervention
programme is focused on four main topics: personal
factors, training factors, equipment and biomechanics.
An overview of the topics and advices in the prevention
programme is presented in table 2.
The structure of the information about every risk
factor is the same and is provided in layman’s
language. After a short introduction, an overview on
the scientific literature is given for the presented
risk factor. This is, for example, information on how
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Table 2 Topics and advices in the online injury prevention programme
Risk factors

Personal
factors

Training

Biomechanics

Short summary of the advice

References

Novice runners

Experienced
runners

Higher age

Higher age

Be aware of the higher risk and do not run when
you have any pain

6 17

Overweight or
underweight

–

Adapt a preconditioning phase of partial weightbearing sports

3 9 18 20

Previous injuries

Previous injuries

Start building up at a very low level after an injury,
for example, with a training programme for starting
runners

3 7–9 26

No experience
with running or
other sports

–

Adapt a preconditioning phase of walking

3 4 7 14 17

Distance

Distance

Run no more than 64 km per week

4 22 23 26

Frequency

Frequency

Train at least two times a week, but not too much.
Search for the optimal frequency

6 22–25 50

Overtraining

Overtraining

Consciously apply rest periods using periodisation

26 22

Surface

Surface

Perform the majority of the training session on a
soft surface

4

Stretching

Stretching

Implement stretching at every training session or
not at all

4

Cadence

Cadence

Increase cadence with use of apps

5 29–31 51–

18

56

Equipment

Foot landing

Foot landing

Forefoot strike reduces the risk of RRIs. However,
switching to a forefoot strike increases the risk of
RRIs. Therefore, perform foot muscle exercises
when you want to change to a forefoot strike

57–60

Barefoot running
and minimalistic
footwear

Barefoot running
and minimalistic
footwear

Minimalistic shoes might reduce the risk of RRIs.
However, switching to minimalistic shoes increases
the risk of RRIs. Therefore, adapt a habituation
period and use a training schedule when you want
to switch to minimalistic shoes

36 57 61 62

Neutral, stabilising
and motioncontrol shoes

Neutral, stabilising
and motioncontrol shoes

Not clear if a certain type of shoe belongs to a
certain type of foot. Do not change the type of
shoes when you have no RRIs

10 11 41

Orthotics/inlays

Orthotics/inlays

Do not wear orthotics to prevent injuries. Only
consider to wear them when you often have RRIs

42–44

Use of running
shoes

Use of running
shoes

Be aware of the wear pattern of your shoes,
especially when they are older than 6 months. Use
multiple pairs of shoes

6 45

RRI, running-related injury.

much higher the chances of sustaining an RRI gets
due to the risk factor. When there are contradictory
findings in literature, it is also mentioned in this
section. Information on, for example, the impact of
the risk factor is given, and on uncertainties from
literature. Next, the findings from literature are
explained, for example, the mechanism on how the
risk factor can lead to more RRIs. If necessary, critical notes about studies are also discussed in this
4

section. Finally, the results from literature are translated into practical advices for the runners. These
advices are based on interventions that can potentially reduce the risk factor, based on the best
available evidence. All advices and information are
supported by images, graphics and movies in order
to improve the information transfer. All evidence is
supported by references and links to other websites,
online applications and scientific literature.
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The information in the injury prevention programme
is different for novice runners and for experienced
runners. A few guidelines will be given to decide
whether a runner is considered novice or experienced.
In these guidelines novice runners are considered as
runners that just started running or have not been
running for a long time due to an injury or illness.
Experienced runners are considered as runners that
have quite some running experience and are able to
run shorter distances (eg, 5 km) without problems.
However, the participants will choose for themselves
which category they belong to and will have the possibility to switch between the categories.

Personal factors
Personal factors are the characteristics of an individual
(eg, length, sex and weight). Personal factors that are
associated with RRIs include a higher age, overweight
and underweight, previous injuries and absence of
previous experience with running or other sports.3 4 6
18 19
The associations for weight and absence of
previous experience with running or other sports is
only studied in novice runners.3 4 20

Training
Training errors are frequently suggested as the most
important cause of injuries.21 Several training factors
that increase the risk of RRIs have previously been
identified. These factors are discussed in the injury
prevention programme. The first risk factor that is
discussed is the running distance. In several studies it
is shown that running more than 64 km per week
increases the risk of RRIs.4 22 Running too many times
per week23 24 and running only once a week increases
the risk of RRIs.6 25 These data suggest that there
might be an optimum running frequency for the
majority of runners. Also runners that intensively train
all year round have a higher chance of sustaining an
RRI.22 26 Therefore, the injury prevention programme
contains a section about periodisation. For the novice
runners a general advice is provided to plan periods of
rest. For the experienced runners a more elaborate
explanation of periodisation and its application is
given. Also the running surface has influence on the
risk of RRIs. It has been shown that running on a hard
surface increases the risk of injuries and it is therefore
advised to perform the majority of the training sessions
on a soft surface.4 The last training factor that is
discussed in the injury prevention programme is
stretching. There still is debate about the use of
stretching for injury prevention.27 28 However, one
thing is clear: occasional stretching increases the risk of
RRIs.4 Therefore, the participants are advised to
stretch at every training session or not at all.

Biomechanics
In the biomechanics section cadence and foot strike
are discussed. There are indications that a higher
cadence decreases the risk of injuries, because running
with a higher cadence, and consequently with a smaller
step length, reduces the forces in the knee and hip
joints.5 29–31 Additionally, the different types of foot
strike (rearfoot, midfoot and forefoot strike) are
discussed. There is some evidence that running with a
forefoot strike pattern may reduce injuries32–34 due to
the reduction in impact forces seen in this footstrike
pattern. However, changing to a forefoot strike takes
adequate preparation and can result in calf muscle
injuries and Achilles tendon overuse injuries if transitioning too quickly. Therefore, if runners would like to
transition to a forefoot strike pattern, a training
programme developed by Spaulding National Running
Centre (Harvard Medical School, Cambridge, Massachusetts, USA) is provided. This training programme
contains strengthening exercises for the foot and ankle
muscles and a schedule to gradually build up
mileage.35

Equipment
This section of the injury prevention programme
contains information about running equipment,
including shoes and insoles. There are indications that
minimalistic shoes reduce the incidence of RRIs.36
They have also been shown to increase foot muscle size
indicating stronger feet.37 However, changing to minimalistic shoes increases the demand on the foot due to
the reduced support. They also tend to facilitate a
more anterior strike pattern increasing the demand on
the calf. If transitioning to a minimal shoe too quickly,
foot and ankle injuries can occur.38–40 Therefore, the
same training programme as for the forefoot strike
transition is provided to runners who want to transition
to minimal shoes. In this section the correcting types
of shoes are also discussed (neutral, cushioning, stabilising and motion control shoes). Because there is
debate about the effect of correcting shoes on the
number of RRIs,11 41 runners are advised not to
change the type of shoes when they never have injuries. When a runner is injured often, it could be wise to
change the type of shoes. Furthermore, there is no
conclusive evidence that wearing inlays has effect on
injury prevention.42–44 Finally, wearing outworn shoes
increases the risk of injuries,6 while using multiple
pairs of running shoes decreases the risk of RRIs.45

Reminders
All participants in the intervention group will receive
monthly reminders about the injury prevention
programme by email. Depending on the moment of
registration for the study, the participants will receive a
maximum of four reminders. These reminders include
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an update on or repetition of one of the topics in the
injury prevention programme.
Measurements
All participants are asked to complete four questionnaires during the study period: at baseline, 2 weeks
before the running event for which the runners registered, 1 day after the running event and 1 month after
the running event. For all questionnaires the participants will receive an email that contains a secured
hyperlink to the questionnaire, using the survey application LimeSurvey. Reminder emails will be used to
minimise loss to follow-up and missing data.
Baseline questionnaire
The baseline questionnaire consists of questions
divided in six different sections. General characteristics
of the participants include sex, date of birth, length
and weight.26 The running characteristics section
includes questions on running history (‘How long are
you running already?”), training characteristics during
the past week, month, 3 months and year (average
running frequency per week, minutes running per
week, kilometres per week and average running speed
in minutes per km), membership of an athletics association (yes/no), use of training schedules, training
surface (paved/unpaved and flat/non-flat), types of
training (endurance/interval/exercises), number of,
type (neutral/pronating/ minimalistic) and advices on
running shoes, use of bandages, braces, tape, sport
compression socks and inlays, step frequency and
landing type (forefoot/midfoot or heel/unknown).26 46
The third section consists of questions on previous
participation in running events (first participation,
average number of participations per year, last participation, distances covered during running events and
running shoes used during running events).26 Next
there is a section on lifestyle, including current
smoking (yes/no), alcohol consumption (number of
glasses per week) and the Short Questionnaire to
Assess
Health-enhancing
Physical
Activity
(SQUASH).46 47 The SQUASH is a validated questionnaire that can be used to evaluate the health-enhancing
physical activity in large populations.47 48 The fifth
section includes RRIs. The participants will be asked
about RRIs in the past year (‘Did you suffer an RRI
during the past 12 months?”), the injured structures,
the onset of the injury (sudden/gradually), diagnosis
and if they still suffer this injury.26 46 The last section
includes other health complaints. The participants will
be asked if they have health complaints that are not
related to running (yes/no) and if yes, which health
complaints.26
Follow-up questionnaires
All follow-up questionnaires contain a section on RRIs.
First, participants will be asked about RRIs they
6

already had when they filled in the previous questionnaires (injured structures and the diagnosis). The next
questions include new RRIs, that developed after filling
in the previous questionnaire. The questions are on
the injured structure, the onset of the injury (sudden/
gradually), if it is a recurrent injury (yes/no), type of
injury (bruise/muscle injury or tendon injury/sprain/
distortion/ligament injury/bone fracture/joint dislocation/cartilage or meniscus injury/nerve entrapment/
unknown) and the diagnosis, and on the treatment
(including medication) and the cause of the injury.46
Next there are questions on pain due to the RRI (0–10
visual analog scale) during running and rest in the past
week, ability to perform activities of daily living in the
first week after the injury and in the past week, absence
from work or school due to the injury, and the duration of and recovery from the injury.46 49 Also the
influence of the injury on running will be asked: limitations in running distance, speed, duration or frequency
due to the injury, if they resumed running already and
if they plan to/did run the event they registered for.49
Additionally, the first follow-up questionnaire
contains questions about the preparation for the
running event. Participants in the intervention group
will also receive questions on the actual use of the
injury prevention programme in all follow-up questionnaires. These questions focus on which topics of the
intervention programme (personal factors, training
factors, biomechanics and equipment) the participants
read, which advices they used and for how many weeks
they used these advices. In the last follow-up questionnaire the participants in the control group will be
asked if they used any injury prevention measures.

Outcome measures
The primary outcome measure is the number of RRIs
in both the intervention and control groups in the
period between the moment of registration for the
INSPIRE trial and 1 month after the running event
they registered for. In this study an RRI is established
if one or more of the following criteria are met:17 46
1. An 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.
2. The injury is severe enough to cause a reduction in
running distance, speed, duration or frequency for
at least 1 week.
3. The injury leads to a visit to a doctor and/or
physiotherapist.
4. Medication is necessary to reduce symptoms as a
result of the injury.
Secondary outcome measures include the running
days missed due to injuries, absence of work or school
due to injuries, and the location of the injury.

Fokkema T, et al. BMJ Open Sport Exerc Med 2017;3:e000265. doi:10.1136/bmjsem-2017-000265

Downloaded from http://bmjopensem.bmj.com/ on June 25, 2017 - Published by group.bmj.com

Open Access
Statistical analyses
Descriptive statistics and their corresponding SD
and frequency distributions will be calculated for all
variables. Consistent with the CONSORT statement,
an intention-to-treat analysis will be performed.
Missing data (if more than 5%) will be completed
using a multiple imputation procedure. Injury incidence rates (IIRs) will be calculated for all runners
and for the intervention and control groups separately. Also the IIRs for male/female and novice/
experienced runners will be calculated separately.
For each IIR, a 95% CI will be calculated assuming
Poisson errors. The IIRs of the intervention and
control groups will be compared by calculating the
difference with the 95% CI. Since no difference in
distribution between the intervention and control
groups is expected, ORs will be calculated using
univariate logistic regression. Significance of the
ORs will be tested with a Mantel-Haenszel test, with
a significance level of 5%. Additionally, effect modification per important subgroup (eg, male/female,
novice/experienced and per running distance) will
be performed. Also adjusted analysis for main risk
factors (eg, age, body mass index and earlier injuries) will be done. The same analyses will be
performed for the five most frequent specific injuries separately.
DISCUSSION
Although RRIs are a major problem among
runners,2 no effective injury prevention programme
has been developed yet. In the present study, the
effectiveness of an evidence-based online injury
prevention programme will be examined. The
prevention programme will be tested in a large and
mixed population of runners, which makes it
possible to extensively examine the efficacy of the
prevention programme. It might also be possible to
compare the efficacy in different subgroups of
runners (eg, novice/experienced, male/female and
different running distances). If the injury prevention
programme proves to be successful, it can be implemented in a large group of runners, for example,
as a standard procedure at the registration for
running events. This can easily be done, because
the prevention programme is on a website and can
therefore be easily spread among runners. Furthermore, the programme is aimed at different types of
runners and is therefore suitable for all participants
of running events.
A limitation of the current study is that there is no
control over and insight in the use of the injury
prevention programme. This is partly solved by the
questions about the use of the prevention programme
in the follow-up questionnaires for the intervention
group. These questions give some insight in who read
the prevention programme and used which part of the
programme. Furthermore, in case of a future

implementation of the prevention programme there
will be no control over the use of the prevention
programme as well and therefore will the current study
give a realistic view of possible future use of the injury
prevention programme. Another limitation of this
study is that self-reported injuries are used. With selfreported injuries there is no uniformity in when pain
is considered as an injury or not. This is partly solved
by providing the participants with a clear definition of
RRI. Another disadvantage of self-reported injuries is
that there often is no diagnosis of the injury or that the
runner diagnosed himself or herself.
In conclusion, the INSPIRE trial is the first randomised controlled prevention trial that examines the
effectiveness of an evidence-based online advice on
reduction of RRIs.

Ethics and dissemination
The INSPIRE trial will be performed in accordance
with the Declaration of Helsinki. Before participation, elaborated information about the study will be
sent to potential participants and the participants
will have the possibility to ask questions through
phone or email. All participants will be asked to
give electronic informed consent before filling in
the baseline questionnaire. An exemption for a
comprehensive application is obtained by the
Medical Ethical Committee of the Erasmus University Medical Center Rotterdam, Netherlands (MEC2016–292). The results of the study will be communicated through articles in peer-reviewed journals
and on international scientific congresses. The
participants will also be informed about the results
of the study. If the investigated prevention
programme proves to be successful, it can be implemented in a large and diverse group of runners.
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