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KEYWORDS Summary This paper proposes a new sports injury research framework, the Trans-
Sports injury prevention; lating Research into Injury Prevention Practice framework, or TRIPP. This model
Research framework builds on the fact that only research that can, and will, be adopted by sports par-

ticipants, their coaches and sporting bodies will prevent injuries. Future advances
in sports injury prevention will only be achieved if research efforts are directed
towards understanding the implementation context for injury prevention, as well as
continuing to build the evidence base for their efficacy and effectiveness of inter-
ventions. There is no doubt that intervention research in the sporting field can be
difficult and many challenges need to be overcome; however, that should not be
put up as a barrier towards undertaking it. Over the next few years, sports injury
researchers will need to think carefully about the ‘‘best’’ study designs and analysis
tools to achieve this. All reported sports injury studies, of whatever design, should
include information on key implementation factors such as player/club recruitment
rates and other biases as well as the rate of uptake of the interventions being tested,
including reasons for use/non-use. However, it will only be broad research endeav-
ours that adopt the TRIPP six-staged approach that will lead to real-world injury
prevention gains.

© 2006 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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Introduction dence of injury during sport and even these studies

Arguably, the most commonly cited model of sports
injury prevention over the past decade has been
that initially articulated by van Mechelen and his
colleagues in 1992." This represented a translation
of the standard public health prevention model?
to the sports injury context. The model outlined
a four-stage approach to sports injury prevention
as shown in the right hand column of Fig. 1.

There are a number of limitations, however,
associated with this four-stage approach and the
extent to which it has been implemented in prac-
tice. Firstly, the general sports injury research field
is still needing to largely move beyond stage 2.3
Many studies still only report the descriptive inci-

TRIPP
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Develop preventive measures
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evaluation

are hampered by methodological limitations such
as unvalidated surveys of self-report information;
long periods of recall leading to recall bias; poor
definition of injury and injury severity; univariate
statistical descriptions of the data; no concurrent
collection of, or adjustment, for exposure; and
descriptions of medically-treated cases from non-
representative samples, etc.

There is no doubt that the four-stage model of
sports injury prevention has been a valuable tool to
guide injury research over the past decade. From a
research development point of view, it clearly out-
lines the direction of required evidence needed to
build our evidence base about sports injuries and
their causal factors. Furthermore, it adopts a broad

van Mechelen et al 4 stage

approach [1]

Establish extent of the problem

Establish aetiology and

mechanisms of injury

Introduce preventive measures

Assess their effectiveness by

repeating stage 1

Describe intervention context to

inform implementation strategies

Evaluate effectiveness of preventive

measures in implementation context

Fig. 1 The Translating Research into Injury Prevention Practice (TRIPP) framework for research leading to real-world

sports injury prevention.
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risk management/epidemiological control model to
addressing the problem similar to those proposed
for general injury control.>¢ However, the model
fails to adequately describe the directions required
for research that leads to direct injury prevention.

The most serious limitation of the van Mechelen
et al." model is that it does not consider the need
for research into implementation issues, once pre-
vention measures have been proven effective. To
prevent injuries, sports injury prevention measures
need to be acceptable, adopted and complied with
by the athletes and sports bodies they are targeted
at. If the athletes, coaches or sports administrators
we are trying to work with will not use or adopt any
of the prevention measures that we advocate, then
all of our preventive efforts will fail. Sports bodies
will not implement sports safety policies until they
are sure that the safety measures actually prevent
injuries, are acceptable to their participants, do
not change the essential nature or appeal of the
sport, and do not adversely affect participation or
performance.’

Before successful preventive efforts can be
achieved, let alone implemented, the determinants
and influences of sports safety behaviours need to
be understood.” A critical shortcoming of the van
Mechelen et al." model is that it does not con-
sider this aspect at all. Whilst the model strongly,
and correctly, advocates for an evidence base about
the efficacy of prevention measures, good efficacy
or effectiveness research, alone, does not ensure
uptake of the interventions and hence prevention
of injuries. In fact, a lack of consideration of,
and information about, the uptake of preventive
measures may be one of the major factors that
explains the negative or null effect results reported
for some field-based studies of implemented pre-
ventive actions. It is a concerning assessment of
much sports injury research endeavour that very
few studies actually talk about intervention uptake
issues in the presentation of their findings.

A new research framework

Advances in sports injury prevention will only be
achieved if research efforts are directed towards
understanding the implementation context for
injury prevention, as well as continuing to build the
evidence base for their efficacy and effectiveness.
For this reason, a new research framework, the
Translating Research into Injury Prevention Practice
framework, or TRIPP, is proposed. This framework
is outlined in Fig. 1, with a comparison to the four-
stage model of van Mechelen et al.’

The TRIPP framework recognises that a complete
evidence base for prevention requires:

(a) a detailed understanding of the aetiology of
injuries;

(b) development of interventions to directly
address the identified mechanisms of injury;

(c) formal testing of these interventions under con-
trolled conditions (i.e., efficacy research);

(d) understanding of the sporting and individual
athlete behaviours context in which the inter-
ventions are to be implemented;

(e) potential modification of interventions to take
this implementation context into account;

(f) assessment of potential factors associated with
the real-world introduction and application of
safety measures and development of imple-
mentation strategies to accompany the real-
world “‘roll-out’’ of the interventions; and

(g) formal evaluation of the effectiveness of injury
prevention measures within the implementa-
tion context.

Although an appreciation of the need to con-
sider the implementation context has been recog-
nised in models of general injury control since
the late 1990s,3? this is the first time these con-
cepts have been formally applied to a framework
for sports injury research. There are also particu-
lar implementation challenges in the sports injury
context,” compared to other injury settings such as
road trauma or firearms use, that justify a context-
specific framework.

Stages in the TRIPP framework

The TRIPP framework is conceptualised as a series
of necessary steps in building the evidence base
for prevention (Fig. 1). The following paragraphs
expand on these steps and outline the range of
research approaches required at each stage.

TRIPP Stage 1

The TRIPP Stage 1 is that of injury surveillance.
As noted by other commentators,3 101" there is a
very real need for the sports injury research field
to move away from studies that solely focus on
describing the problem, particularly in individual
participant groups (e.g., one team in one sport
from one country or region, or one sports event
at one point in time). Indeed, injury surveillance
should not be seen as an end, in itself. Rather,
high-quality injury surveillance information is cru-
cial for informing all other stages and it should
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be considered to be the methodological tool to be
used in all other TRIPP stages. Nonetheless, injury
surveillance activities will only contribute to this
if valid and reliable methodologies are developed
and adopted to allow for the routine, ongoing mon-
itoring and reporting of sports. There is also the
need to ensure standardised sports injury and expo-
sure definitions.3'":12 One area where particular
methodological development is needed is that of
appropriate statistical methods that assess both
spatial (across places) and temporal (over time)
trends in injury incidence, after adjustment for
exposure. For example, epidemiological monitoring
of trends in participant-adjusted injury incidence
rates across regions, or countries or even sports,
would help to fully quantify the burden of sports
injuries and the relative risk of injury across differ-
ent sporting activities.

TRIPP Stage 2

The TRIPP Stage 2 corresponds to understanding
the aetiology of why injuries occur. Prevention can-
not be instigated until this information is avail-
able because the specific focus and targeting of
prevention programs is unclear. Meeuwisse'3 pro-
posed a multifactorial model for assessing causal-
ity as long ago as 1994. Unfortunately, this sort
of research is still not done universally and Bahr
and Krosshaug* have recently argued strongly for
a greater focus in this area. Aetiological research
requires multidisciplinary approaches to fully elu-
cidate the mechanisms of injury and other fac-
tors associated with injury causes and severity. For
example, biomechanical approaches can help to
understand what is actually going on in the body;
clinical research can identify what rehabilitation
strategies could be effective and why; behavioural
studies can identify what motivates people to adopt
certain risk or safety behaviours; epidemiological
studies quantify the distribution and determinants
of injury risk. In the epidemiological context, case-
control studies of injured/uninjured sports partic-
ipants have become relatively common but have
limited power in reliably identifying risk factors
because of their retrospective nature and issues
relating to the appropriate selection of both cases
and controls. Cohort studies, where groups of unin-
jured participants are followed up over time until
they get injured, are more powerful for identifying
risk and protective factors but conducting them can
be much more challenging and so very few of them
have been reported. Importantly, epidemiological
studies, per se, cannot elucidate the direct mecha-
nisms of injury but can yield important indications
of what risk factors could potentially be modi-

fied to reduce injury risk. Other sports medicine
approaches, particularly those with a biomechan-
ical focus, are needed to fully understand these
mechanisms. 413

TRIPP Stage 3

The TRIPP Stage 3 involves the identification of
potential solutions to the injury problem and devel-
opment of appropriate preventive measures. This
needs to be strongly guided by TRIPP Stage 2 where
potential risk and protective factors have been
identified. Similarly, multidisciplinary approaches
are needed particularly from the disciplines of
biomechanics, sports science, behavioural psychol-
ogy, health promotion, sports medicine, etc.*'>
This stage is not an epidemiological phase, but find-
ings from epidemiological studies are crucial for
informing it. Too often, preventive measures are
suggested on the basis of anecdotal experiences or
current practice with little thought given to why
these measures may or may not work. Understand-
ing of the mechanisms of injury from TRIPP Stage
2 and countermeasure development needs to be
well grounded in the theoretical underpinnings and
knowledge of the baseline disciplines. This stage
might therefore include laboratory-based studies
on models of the human system (e.g., cadaver, ani-
mal or human tissue) or simulations of the likely
protective effects of these measures on this sys-
tem (e.g., dummy, computerised models, crash test
simulations).

TRIPP Stage 4

The TRIPP Stage 4 corresponds to intervention effi-
cacy assessment and is essentially an ‘‘ideal con-
ditions’’ evaluation of the preventive measures
that arise from TRIPP Stage 3. Some settings for
these evaluations include laboratory testing on a
small number of participants, small group assess-
ments, focus groups, or clinical settings. What is
not so well appreciated is that controlled field-
based studies, including randomised controlled tri-
als of interventions, are also performed under a
largely ‘‘ideal conditions’’ setting. This is because
such studies are conducted within an artificial envi-
ronment where the investigators deliver the inter-
vention in a very controlled and targeted manner;
sports administrators; coaches; players; etc. are
convinced to participate in the study by researchers
pre-armed with scientific knowledge; the partici-
pating teams and players are provided with staff
and other resources, such as specific training equip-
ment; players/teams are provided with reminders
and incentives for their ongoing participation and
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adoption of safety behaviours; injury and exposure
data are collected by project staff or by people paid
and trained by the research team; responsibility for
reporting of results is with the researchers. Unfor-
tunately, it is generally the case that none of these
influences or resources are available to the play-
ers or clubs once these studies have finished and
very few sporting clubs have the necessary financial
or manpower infrastructure to maintain the same
level of activity.

There is no doubt that research endeavours cor-
responding to TRIPP Stage 4 directly contribute to
the increasing evidence base about the efficacy of
interventions and to scientific publications. How-
ever, it is unlikely that they will lead to real-world
sports injury prevention, per se. Having said this,
there is still scope to significantly contribute to
relevant knowledge in this area if the following
are monitored routinely: player recruitment and
assessment of any non-recruitment bias; level of
uptake of, or compliance with, implemented inter-
ventions; reasons for use/non-use of the interven-
tions being tested; drop-out rates across study arms
to rule out any systematic bias due to the interven-
tion; adverse effects of the interventions includ-
ing both injury and behavioural outcomes. This
information is needed by the broader sports injury
research community to inform the ongoing design of
sports injury prevention evaluations, including con-
trolled trials. Unfortunately, studies with negative
finings can be hard to publish in the peer-review
literature and so this information does not always
appear in scientific or medical journals. Editors of
journals that publish sports injury research need to
be encouraged to publish such studies, particularly
when these implementation issues are discussed
and their impact on study results presented.

TRIPP Stage 5

The TRIPP Stage 5 is necessary to understand how
the outcomes of the efficacy research can be trans-
lated into actions that can be actually imple-
mented in the real-world context of on-field sports
behaviours and sports delivery and can be best
understood as the stage of developing and under-
standing the implementation context. One of the
most important questions that need to be answered
in this stage is: What are current safety behaviours
and do they need to change? It may be that some
players are currently adopting the sorts of safety
behaviours that the aetiological and ideal condi-
tions evaluations suggest but yet the interventions
are not effective for other reasons. On the other
hand, if safety measures are not adopted we need
to know why. The question then becomes: What are

the motivators/barriers to uptake? Valuable lessons
will be learnt by a better understanding of the
knowledge and attitudes of players, coaches and
sports bodies in relation to the frequency, causes
and prevention of injuries as they occur in their
sport. This will be linked to an understanding of
the risk perceptions of all those involved in sport
and how likely they perceive their risk of injury to
be.

From a broad implementation point of view,
knowledge of the safety/injury culture of the sport
is important to understand cues to action and how
best to work with sports to improve safety. As any
implementation must occur within the sport and/or
a particular sporting body, a full appreciation of
the sporting infrastructure available for safety, in
terms of manpower, finances and equipment and
other resources is needed.

Before designing wide-scale implementation of
prevention measures it is also necessary to know
how likely it is that the developed interventions
will be adopted. Related questions are by whom?’’
and ‘‘under what circumstances?’’. It has been
suggested that some players may change their
behaviours if certain safety measures, e.g., pro-
tective headgear, are adopted.'® Whilst there is
very little direct scientific evidence to support-
ing such claims, any implementation plan needs
to take this into account. Taken together, this
information about the likely uptake and impact
of protective measures on behaviours needs to
be synthesised and considered together to deter-
mine how the intervention could best be targeted
and ‘‘marketed’’ to sport bodies and their partici-
pants.

TRIPP Stage 6

The TRIPP Stage 6 is the final stage in the loop and
involves both implementing the intervention in a
real-world context and evaluating its effectiveness.
In other words, determining how effective the sci-
entifically proven interventions are when applied
to the real-world context of player behaviours and
sporting culture. This stage involves taking the
intervention shown to be effective in TRIPP Stage 4
and implementing it taking into account the sports
safety contextual cues identified in TRIPP Stage 5.
The result will be a measure of the effect of injury
prevention in the real world. Good examples of this
sort of evaluation are those of the Protective Eye-
wear Promotion for squash players'” and the Tack-
ling Rugby Injury Program in New Zealand.'®1°
The feedback loop for the evaluation is shown in
Fig. 2 and must involve concurrent application of
both TRIPP Stage 1 and TRIPP Stage 5 and consid-
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Scientifically proven intervention from TRIPP Stage 4

o

Implementation strategy based on behavioural
influences identified in TRIPP Stage 5

l

Assessment of injury prevention in real world
evaluation to concurrently involve TRIPP Stage 1 and
TRIPP Stage 5 feedback

Fig. 2 Evaluating the real-world impact of sports injury
prevention measures.

eration of the complex relationships between the
two.

Experiences informing the development
of the TRIPP framework

The TRIPP framework has both been developed
from an accumulation of my research team’s
direct experience in the design, conduct and
analysis of controlled evaluations of the value
of protective headgear and mouthguards in Aus-
tralian football?=23 and protective eyewear in
squash’-17:2425 players. Conclusions for future
sports injury prevention research, drawn from the
experiences of this work, are the following.

1. Sporting bodies and clubs are supportive of
intervention research, and will promote the
adoption of safety behaviours, when safety is
a major motivator for their core business (i.e.,
either to perform better or to increase partic-
ipation numbers).2? There is no doubt that the
nature of a particular intervention, irrespective
of how well it is designed or the rationale for
its scientific basis, is a deterrent to its use if it
is not already part of sporting culture or closely
aligned to it. For example, in an RCT of protec-
tive headgear in Australian footballers, very few
players adopted the required safety behaviour
and wore the headgear.Z! On the other hand,
extensive surveying of squash players was under-
taken to understand what would motivate them
to try protective eyewear before an interven-
tion aimed at increasing this safety behaviour
was implemented.’

2. Players and sporting clubs will participate in
intervention research if they are fully informed
about the study and the intervention being
trialled.2223 Players will adopt the safety

behaviours if they are easy to adopt; they are
part of the culture of the sport or can be pro-
moted in such a way as to not contradict the
accepted culture; they are used by their peers
and significant role models; they are widely and
professionally promoted in a well-targeted man-
ner that is directly relevant to the particular
sport; and if they are informed of the benefits of
using them; if they assist with for performance
excellence. 72!

3. Whilst randomised controlled trials are the-
oretically ideal, they are hard to conduct—
-particularly taking into account the broad
safety culture of a sport and the safety
behaviours of its participants.2%2! Ecological
study designs are promising for assessing the
value of interventions'”26 and are becoming
more common in the sports injury research con-
text. However, they do require the use of appro-
priate statistical methodology that takes into
account potential clustering effects and other
dependencies in the data.Z’

Summary

In summary, implementation research is nec-
essary to ensure that prevention methods are
adopted. Importantly, the sports injury research
field must move away from conducting isolated
cross-sectional and descriptive studies to deter-
mine injury profiles. There is no doubt that inter-
vention research in the field can be difficult and
many challenges need to be overcome; however,
that should not be put up as a barrier towards
undertaking it. Over the next few years, sports
injury researchers will need to think carefully about
the ‘‘best’’ study designs and analysis tools to
achieve this. All sports injury prevention effective-
ness studies, of whatever design, should include
information on key implementation factors such
as player/club recruitment rates and other biases
as well as the rate of uptake of the interventions
being tested, including reasons for use/non-use.
This will require the sports injury research field to
develop guidelines for the recording and reporting
of implementation factors. However, it will only be
broad research endeavours that adopt the TRIPP
six-staged approach that will lead to real-world
injury prevention gains.

Acknowledgements

The author was supported by a National Health
and Medical Research Council (NHMRC) Principal



A new framework for research leading to sports injury prevention 9

Research Fellowship. The material presented in this
paper formed the basis of a Keynote Address at the
first World Congress of Sports Injury Prevention held
in Oslo, July 2005.

References

10.

1.

12.

13.

14.

. Van Mechelen W, Hlobil H, Kemper HCG. Incidence, sever-

ity, aetiology and prevention of sports injuries. A review of
concepts. Sports Med 1992;14(2):82—99.

. Robertson LS. Injury epidemiology. Oxford University Press;

1992.

. Chalmers DJ. Injury prevention in sport: not yet part of the

game? Inj Prev 2002;8(Suppl. 1V):iv22—-5.

. Bahr R, Krosshaug T. Understanding injury mechanisms: a

key component of preventing injuries in sport. Br J Sports
Med 2005;39:324—9.

. Andersson R, Menckel E. One the prevention of accidents

and injuries. A comparative analysis of conceptual frame-
works. Accid Anal Prev 1995;27(6):757—68.

. Lett R, Kobusingye O, Sethi D. A unified framework

for injury control: the public health approach and
Haddon’s matrix combined. Inj Control Saf Promot
2002;9(3):199—205.

. Eime R, Owen N, Finch C. Protective eyewear promo-

tion: applying principles of behaviour change in the
design of a sports injury prevention program. Sports Med
2004;34(10):629—-38.

. Runyan CW. Using the Haddon matrix: introducing the third

dimension. Inj Prev 1998;4:302—7.

. Cohen L, Swift S. The spectrum of prevention: developing

a comprehensive approach to injury prevention. Inj Prev
1999;5:203—7.

Finch C. Invited editorial. Why is sports injury prevention
not progressing? Int Sport Med J 2001;2(2).

van Mechelen W. To count or not to count sports injuries?
What is the question? Br J Sports Med 1998;32:297—-8.
Finch C. An overview of some definitional issues for sports
injury surveillance. Sports Med 1997;24(3):157—63.
Meeuwisse WH. Assessing causation in sport injury: a mul-
tifactorial model. Clin J Sport Med 1994;4(3):166—70.
Krosshaug T, Andersen TE, Olsen O-EO, Myklebust G, Bahr
R. Research approaches to describe the mechanisms of

20.

21.

22.

23.

24.

25.

26.

27.

injuries in sport: limitations and possibilities. Br J Sports
Med 2005;39:330—9.

. Hrysomallis C, Morrison W. Sports injury surveillance

and protective equipment.
181-3.

Sports Med 1997;24(3):

. Hagel B, Meeuwisse W. Risk compensation. A ‘‘side

effect’”” of sports injury prevention? Clin J Sport Med
2004;14:193—6.

. Eime R, Finch C, Wolfe R, Owen N, McCarty C. The effec-

tiveness of a squash eyewear promotion strategy. Br J Sports
Med 2005;39:681—5.

. Simpson J, Chalmers D, Waller A. The New Zealand Rugby

Injury and Performance Project: developing ‘Tackling Rugby
Injury’, a national injury prevention program. Health Pro-
mot J Aust 2002;13:44—-50.

. Chalmers DJ, Simpson JC, Depree R. Tackling rugby

injury: lessons learned from the implementation of a five-
year sports injury prevention program. J Sci Med Sport
2004;7:74—84.

Finch C, Braham B, McIntosh A, McCrory P, Wolfe R.
Should Australian football players wear custom-fitted
mouthguards?—results from a group-randomised controlled
trial. Inj Prev 2005;11:242—6.

Braham R, Finch C. Do community football players wear
allocated protective equipment? Results from a ran-
domised controlled trial. J Sci Med Sport 2004;7(2):216—
20.

Braham R, Finch C, McCrory P. Non participation in sports
injury research: why football players contribute to research
projects. Br J Sports Med 2004;38:238—9.

Zazryn T, Braham R, Finch C. Clubs volunteering for sports
injury prevention research—is there any selection bias? Inj
Control Saf Promot 2004;11(1):67—9.

Eime R, McCarty C, Finch C, Owen N. Unprotected eyes
in squash: not seeing the risk of injury. J Sci Med Sport
2005;8(1):92—100.

Eime R, Finch C, Gifford S, Owen N, Vear P. Knowledge,
beliefs and attitudes of squash venue operators relat-
ing to use of protective eyewear. Inj Control Saf Promot
2004;11(1):47-53.

Doll L, Bartenfeld T, Binder S. Evaluation of interventions
designed to prevent and control injuries. Epidemiol Rev
2003;25:51-9.

Hayen A. Clustered data in sports research. J Sci Med Sport
2006;9:165—8.

Available online at www.sciencedirect.com

SOIENQE(dDIHEOTe




	A new framework for research leading to sports injury prevention
	Introduction
	A new research framework
	Stages in the TRIPP framework
	TRIPP Stage 1
	TRIPP Stage 2
	TRIPP Stage 3
	TRIPP Stage 4
	TRIPP Stage 5
	TRIPP Stage 6

	Experiences informing the development of the TRIPP framework
	Summary
	Acknowledgements
	References


