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Abstract

Background Team ball sports such as soccer, basketball

and volleyball have high participation levels worldwide.

Musculoskeletal injuries are common in team ball sports

and are associated with significant treatment costs, partic-

ipation loss and long-term negative side effects. The results

of recent randomized controlled trials provide support for

the protective effect of injury-prevention exercise pro-

grammes (IPEPs) in team ball sports, but also highlight that

achieving adequate compliance can be challenging. A key

process in enhancing the ultimate impact of team ball sport

IPEPs is identifying the specific implementation compo-

nents that influence the adoption, execution and mainte-

nance of these interventions. Despite this, no systematic

review focussing on the specific implementation compo-

nents of team ball sport IPEPs has been conducted.

Objectives Our objective was to assess the reporting of

specific implementation components in the published literature

on team ball sport IPEPs using the Reach Efficacy Adoption

Implementation Maintenance (RE-AIM) framework.

Methods Six electronic databases were systematically

searched from inception to December 2012 for papers

reporting team ball sport IPEP trials. All eligible papers

were independently evaluated by two raters before

reaching consensus on the reporting of individual RE-AIM

items, using the RE-AIM Model Dimension Items Check-

list (RE-AIM MDIC).

Results A total of 60 papers, reporting 52 unique inter-

vention trials, met eligibility criteria. Before consensus, the

level of agreement across all trials between reviewers using

the RE-AIM MDIC ranged from 81 to 91 %. The RE-AIM

MDIC dimension of ‘efficacy’ had the highest level of

reporting, with the five individual items in this dimension

reported in 19–100 % of eligible trials (mean 58 %). The

RE-AIM MDIC dimension ‘maintenance-setting level’ had

the lowest level of reporting, with none of the four indi-

vidual items in this dimension reported. For other dimen-

sions, the mean level of reporting and range across items

were ‘reach’ 34 % (12–60 %); ‘adoption-setting level’ 1 %

(0–2 %); ‘adoption-delivery agent level’ 7 % (4–10 %);

‘implementation’ 36 % (13–63 %) and ‘maintenance

individual level’ 1 % (0–4 %).

Conclusion Information on the specific implementation

components of team ball sport IPEPs in published studies is

scarce. In particular, major reporting gaps exist regarding

the adoption and maintenance of these programmes. The

RE-AIM MDIC can be successfully applied to reviewing

literature in this context.

1 Introduction

Team ball sports enjoy worldwide popularity. Soccer alone

has over 265 million participants [1]. Injuries in team ball

sports are common [2], and injury prevention in this con-

text is important to minimise the associated treatment

costs, participation loss and long-term negative side effects

[3–5]. Injury-prevention exercise programmes (IPEPs) in

team ball sports have shown considerable promise in
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preventing musculoskeletal injuries [6–8]. However, the

full potential of these programmes will only be realised if

they are adopted, correctly executed and sustained by their

intended end users [9, 10]. There is a real need to identify

which specific implementation components of team ball

sport IPEPs are critical in achieving the desired injury-

prevention outcomes [11–13], to guide their wider and

more successful implementation.

Application of established models and frameworks from

implementation science has the potential to enhance sports

injury-prevention implementation efforts [9, 11, 14]. One

such framework, the Reach Efficacy Adoption Implemen-

tation Maintenance (RE-AIM) framework, was developed

to improve the translatability and impact of health inter-

ventions, and has been employed in over 70 published

studies across a broad spectrum of health-related fields,

including sports injury prevention [9, 14–16]. The frame-

work incorporates five key dimensions [17]:

Reach The absolute number, proportion, and represen-

tativeness of individuals who are willing to participate in

a given initiative, intervention or programme.

Efficacy/effectiveness The impact of an intervention on

important health outcomes, including potential negative

effects, quality of life and economic outcomes.

Adoption The absolute number, proportion and repre-

sentativeness of settings and delivery agents who are

willing to initiate a programme.

Implementation The degree to which an intervention is

delivered as intended, and the time and cost of the

intervention.

Maintenance The extent to which an intervention is

sustained by the targeted individuals and settings over

time.

To enhance the ultimate impact of team ball sport

IPEPs, consideration of all RE-AIM dimensions is impor-

tant. It should be noted that the above definition of

‘implementation’, as a specific RE-AIM dimension, differs

from the broader definition of implementation in the field

of implementation science. In the broad sense, implemen-

tation relates to any methods aimed at integrating research

findings into practice and/or policy [18].

In the field of sports injury prevention, the RE-AIM

framework has primarily been employed to facilitate the

planning and evaluation of interventions [9]. However, in

other health-related areas, the framework has also been

successfully employed as a tool for reviewing published

literature [19–21]. Recently, Kessler et al. [22] developed

the RE-AIM Model Dimension Items Checklist (MDIC)

and reported its application to reviewing project grant

applications. This 31-item checklist covers the five RE-

AIM dimensions of ‘reach’ (four items), ‘efficacy’ (five

items), ‘adoption’ (eight items), ‘implementation’ (five

items) and ‘maintenance’ (nine items). Reporting against

each item of the MDIC can be coded as ‘yes’, ‘no’, ‘yes –

inappropriate use’ or ‘not applicable’. We conducted a

systematic review to assess the reporting of specific

implementation components of team ball sport IPEP trials

as outlined in the RE-AIM MDIC. The aim was to identify

the extent to which key factors for ensuring successful

implementation of team ball sport IPEPs in real-world

settings are reported in published studies. This information

is needed to guide future implementation efforts and

highlight knowledge gaps requiring further research.

2 Methods

2.1 Search Strategy

The following details reproduce previously reported sys-

tematic review methods [23] that also relate to the specific

aims of this current review. The following electronic dat-

abases were systematically searched from inception to

December 2012 by one author (JO’B): PubMed, MED-

LINE, CINAHL, Embase, Scopus and the Cochrane Con-

trolled Trials Register. Search terms were combined into

the following search strings, representing the key themes:

(‘team sport’ OR ‘team sports’ OR soccer OR football OR

rugby OR gridiron OR basketball OR netball OR hockey

OR handball OR volleyball) AND (program* OR exercise*

OR training) AND (injur*) AND (prevent*). Additional

papers were sought by scanning the reference lists of

retrieved articles and by contacting experts.

2.1.1 Study Eligibility Criteria

All identified records were pooled and duplicates removed.

The titles and abstracts of all records were screened for

eligibility by one author (JO’B) using the criteria shown in

Table 1. The full-text versions of the remaining papers

were retrieved before repeating eligibility screening.

2.2 Quality Appraisal Process

All eligible trial reports were first assessed by both authors

against a purposely designed RE-AIM screening work-

sheet. Following consensus on the screening worksheet, all

trial reports were assessed using the full RE-AIM MDIC. It

was anticipated that this two-stage process would enhance

agreement between reviewers.

2.2.1 RE-AIM Screening Worksheet

In order to successfully apply the RE-AIM MDIC to this

specific study context, information on the intervention,
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intervention target and delivery agents is needed [24]. A

detailed description of the reporting of these factors has

been reported elsewhere [23]. Additionally, the terms

‘primary outcome’ and ‘setting’, as used in the RE-AIM

MDIC, need to be applied to the specific study context.

Two reviewers independently evaluated all eligible full-

text papers using a purposely designed RE-AIM screening

worksheet. One worksheet was used for each unique trial:

in cases where more than one paper reported the same trial,

they were considered together. The reporting of the inter-

vention, primary outcome, intervention target, delivery

agents and settings was coded as ‘yes’, ‘no’ or ‘unclear’. In

cases coded as ‘yes’, reviewers also recorded their answers

to the corresponding questions in the worksheet: ‘What is

the intervention?’, ‘What is the outcome?’, ‘Who is the

target?’, ‘Who are the delivery agents?’ and ‘What are the

settings?’ Table 2 summarises the outcomes of this

screening assessment.

Following independent reviewer assessment, consensus

was then reached on all screening worksheet items before

proceeding to application of the RE-AIM MDIC.

2.2.2 Appraisal with the RE-AIM Model Dimension Items

Checklist (RE-AIM MDIC)

Following the screening process, the reporting of all eli-

gible trials was independently assessed by the same two

reviewers against the 31-item RE-AIM MDIC. Minor

modifications were made to the wording in the MDIC to

reflect the specific context of team ball sport (Electronic

Supplementary Material [ESM] Table S1). For each indi-

vidual trial, the results of the screening worksheet were

used to guide the coding of the RE-AIM MDIC. For

example, if the screening indicated that a trial did not

involve any delivery agents, the MDIC items relating to

delivery agents were coded as ‘not applicable’. To facili-

tate this process, a Microsoft ExcelTM spreadsheet was

formatted for each unique trial, containing both the

screening worksheet and the full RE-AIM MDIC (ESM

Table S1). Formulae were used to pre-fill certain RE-AIM

MDIC items according to the results of the screening

worksheet. The types of intervention, primary outcome,

intervention target, delivery agents and settings, identified

through the screening worksheet, were also automatically

entered into the left-hand column of the RE-AIM MDIC,

entitled ‘This component refers to’ through the use of

formulae (ESM Table S1).

The eligible trial reports were ordered alphabetically by

first author, and divided into five batches of approximately

equal size, which were reviewed on consecutive days.

After reviewing each batch, the reviewers met to discuss

their findings. Discrepancies between the two reviewers

were resolved through discussion and re-consideration of

the RE-AIM MDIC items, before proceeding to the next

batch of trial reports. This process was intended to develop

consensus on application of the RE-AIM MDIC to this

context, rather than to formally test inter-rater reliability.

For each batch, the percentage level of agreement between

Table 1 Full eligibility criteria used in the search strategy of a team ball sport injury-prevention exercise programme (IPEP) systematic review

Inclusion criteria Exclusion criteria

Study type Peer-reviewed injury-prevention intervention studies targeting

musculoskeletal injuries (including additional information in

appendices or accompanying peer-reviewed articles)

Earliest records to December 2012

English language

A least one team in the intervention group (intention-to-treat)

Incomplete studies: abstracts, conference

proceedings

Reviews

Studies on head, brain, spinal cord or dental injury

Populations Players of the following sports:

Soccer (Association Football, indoor, futsal), American

Football (gridiron, eight-man, nine-man, six-man, touch, flag,

Arena Football), Canadian Football (flag), Australian

Football (international football), Gaelic Football

(international football), Rugby League (sevens, nines, touch,

tag), Rugby Union (sevens, touch, tag), handball, basketball,

netball (indoor, outdoor, fastnet), indoor volleyball, hockey

(field, floorball, indoor)

Females and males of any age

Participating in a competitive league

Sport variations played in water or on sand

Injuries to referees, coaches or other non-players

Reported as ‘active’ or ‘athletic’ without specific

details of sport type(s)

Selected on the basis of an existing injury

Intervention Structured exercise programme specifically aimed at

preventing musculoskeletal injuries

Intervention involving only the modification of

training load

Outcome Injury incidence or injury-related participation restriction
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reviewers prior to consensus was calculated as follows:

(number of RE-AIM MDIC items with matching codes/

total number of RE-AIM MDIC items) 9 100.

The proportion of all eligible trials reporting each of the

31 individual RE-AIM MDIC items was calculated as:

(number of trials coded as ‘yes’ for the item/total number

of trials) 9 100. The proportion of all eligible trials

reporting each overall RE-AIM dimension was calculated

by averaging the proportion of trials reporting each indi-

vidual RE-AIM MDIC items within the dimension.

3 Results

3.1 Search Strategy

The initial systematic search retrieved a total of 60 eligible

papers, covering 52 unique trials. Details of the search are

provided in Fig. 1.

3.1.1 Description of Eligible Trials

As multiple papers reporting the same trial were considered

together, the following results are presented in terms of the

52 trials. The most commonly investigated sports were

soccer (26 trials, 50 % of the total), handball (five trials,

10 %), Australian Football (four trials, 8 %), basketball

(four trials, 8 %) and American Football (four trials, 8 %).

A total of 23 trials (44 %) included only male players, 17

(33 %) only females and ten (19 %) both sexes, while the

sex of participants was not reported in two (4 %) of the

trials. Although the eligible trials incorporated a variety of

study designs, the majority were randomised controlled

trials or cluster-randomised controlled trials, which pri-

marily provide evidence on the efficacy of interventions

[9].

3.2 Agreement between Reviewers on Coding the RE-

AIM MDIC Prior to Consensus

The level of agreement between the reviewers for each of

the five batches of reviewed trial reports, in chronological

order, was 81, 90, 89, 90 and 91 %. In comparison, the

level of agreement between the same two reviewers in a

previous trial, without use of the screening worksheet, was

53 % [24].

3.3 Consensus Codes and Answers for the RE-AIM

Screening Worksheet

The consensus codes for the five questions in the screening

worksheet are listed in ESM Table S2. The types of reported

intervention, intervention target and delivery agents, and

the proportion of trials for which each type was reported,

have been previously reported [24] and are also summarised

in ESM Table S3. The types of reported primary outcome,

Table 2 Outcomes of the RE-AIM screening worksheet used to assess the reporting of team ball sport injury-prevention exercise programme

(IPEP) trials, including the level of agreement between reviewers and the proportion of trials allocated each code (n = 52 trials)a

Screening question Codes Details
extracted

% level of
agreement
(codes only)

% level of
agreement
(codes and
details extracted)

Number of trials
assigned each
code

% of trials assigned
each code

1 Can you identify the research
intervention?

Yes

No

Unclear

?What is the
intervention?

100 79 Yes 52

No 0

Unclear 0

Yes 100

No 0

Unclear 0

2 Can you identify the primary
outcome of interest?

Yes

No

Unclear

?What is the
outcome?

100 96 Yes 52

No 0

Unclear 0

Yes 100

No 0

Unclear 0

3 Can you identify the target of the
research intervention?

Yes

No

Unclear

?Who is the
target?

98 77 Yes 52

No 0

Unclear 0

Yes 100

No 0

Unclear 0

4 Did the research intervention target
multiple, non-researcher delivery
agents?

Yes

No

Unclear

?Who are the
delivery agents?

58 58 Yes 25

No 3

Unclear 24

Yes 48

No 6

Unclear 46

5 Did the research intervention target
multiple settings such as schools or
clubs?

Yes

No

Unclear

?What are the
settings?

50 46 Yes 1

No 48

Unclear 3

Yes 2

No 92

Unclear 6

RE-AIM Reach Efficacy Adoption Implementation Maintenance
a A detailed description of the reporting of the intervention, intervention target and delivery agents, and the methods used for calculating the independent-
review level of agreement, has been reported elsewhere [23]
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and the proportion of trials for which each type of primary

outcome was reported, are illustrated in Fig. 2, with fuller

detail in ESM Table S3. A measure of injury incidence was

reported as the primary outcome of interest in 48 (93 %) of

the trials. In two (4 %) trials, the primary outcome of

interest was related to the behaviour of the coaches deliv-

ering an injury-prevention intervention. Other reported

primary outcomes of interest were the cross-sectional area

of specific muscles [25], and changes in landing skills [26].

The targeting of settings was only reported in one trial,

involving 181 female football clubs [27]. Although some

studies [6, 28, 29] reported the involvement of settings

during the recruitment of participants (e.g. contacting

school principals to recruit high school team ball sport

players), in these trials the research intervention was tar-

geted at players, rather than those settings.

3.4 Level of Reporting of Individual RE-AIM MDIC

Items

Figure 3 illustrates the proportion of the 52 trials in which

each of the 31 individual RE-AIM MDIC items (ESM

Table S1) was reported. Results for the individual items are

grouped according to the corresponding RE-AIM dimen-

sions of ‘reach’, ‘efficacy/effectiveness’, ‘adoption’ (at

both setting and delivery agent levels), ‘implementation’

and ‘maintenance’ (at both individual and setting levels).

Fig. 1 Results of the search

strategy (PRISMA flowchart)

used to identify team ball sport

injury-prevention exercise

programme trial reports.

PRISMA Preferred Reporting

Items for Systematic Reviews

and Meta-Analyses

Fig. 2 Percentage of 52 team ball sport injury-prevention exercise

programme trials for which each type of primary outcome was

reported
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For each RE-AIM MDIC dimension, the average level

of reporting across individual items in the dimension, and

range across items, are summarised below:

Reach: 34 %, range 12–60 %

Efficacy/effectiveness: 58 %, range 19–100 %

Adoption-setting level: 1 %, range 0–2 %

Adoption-delivery agent level: 7 %, range 4–10 %

Implementation: 36 %, range 13–63 %

Maintenance – individual level: 1 %, range 0–4 %

Maintenance-setting level: 0 %, range 0 %

3.5 Reporting of Individual RE-AIM Dimensions

3.5.1 Reach

The percentage of participants excluded by the researchers

(MDIC item 1) was reported in 60 % of the trials, and the

percentage of eligible participants agreeing to participate

(MDIC item 2) was reported in 48 % of trials. A summary

of the reported percentage of participants excluded, and the

reported percentage of participants agreeing to participate

is shown in Table 3. A comparison of the characteristics of

participants with non-participants (MDIC item 3) was

addressed in 13 % of the eligible trials, and included

comparisons of sex [30, 31] and language [32]. The use of

qualitative methods (MDIC item 4) was reported in 12 %

of trials, with a number of reports identifying the time cost

associated with performing the IPEP and recording injury

data as barriers to participation:

Many eligible coaches did not enrol, primarily owing

to lack of time or interest in collecting AE [athletic

exposure] and injury data, suggesting that the pro-

gramme may be more broadly and effectively dis-

seminated if data collection is not required. [33] page

1038

The reason four teams chose not to participate was

lack of practice time. All four teams had only 1 or 2 h

of practice per week. [34] page 374

In other cases, the reporting listed reasons for non-par-

ticipation or exclusion without specifying the use of qual-

itative methods. A summary of all the reported reasons for

exclusion and non-participation is shown in Table 3.

3.5.2 Efficacy/Effectiveness

All trials reported a measure of the primary outcome (MDIC

item 5), which in most cases was a measure of injury inci-

dence (fuller detail in ESM Table S3). Broader outcomes

(MDIC item 6) were addressed in 35 % of trials and included

measures of physiological parameters, team success and

negative side effects. Examples of negative side effects were

delayed onset muscle soreness (DOMS) in participants per-

forming eccentric hamstring exercises [35, 36, 45] and a

fracture resulting directly from performing the IPEP [41]:

Early in the season, an athlete tripped during the

program while doing a lateral hop over the ball

resulting in a tibia/fibula fracture. Immediate steps

were taken to ensure that all intervention teams used

Fig. 3 Percentage of 52 team ball sport injury-prevention exercise programme (IPEP) trials with reporting of the 31 individual items in the

Reach Efficacy Adoption Implementation Maintenance (RE-AIM) Model Dimension Items Checklist (MDIC)
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short cones or other flexible devices for hopping drills

rather than a ball. [41] page 1481

A comparison between different sub-groups (MDIC

item 7) was reported in 94 % of trials, and included com-

parisons between the intervention and control groups, and

players with or without previous injuries. Differential

attrition rates (MDIC item 8) were reported in 42 % of

trials. The reasons reported for attrition included partici-

pants leaving the team or club [31, 38, 40, 47, 55], leaving

the sport [38, 40, 47, 56] and lack of time or motivation

[29, 31, 34]. The use of qualitative methods (MDIC item 9)

was reported in 19 % of trials. This information related

either to participants’ perceptions on the effectiveness of

the IPEP or the reasons for attrition:

At least some of these players had a previous history

of hamstring strains and believed this exercise could

reduce their risk of recurrent strains. This may have

reduced the incidence of hamstring strains among

these teams … [53] page 45

… one of the participating teams withdrew in the

middle of the season due to lack of practice time.

They only practised once a week and they felt that the

ankle disc training took up too much time at practice.

[34] page 374

3.5.3 Adoption-Setting Level

The exclusion of settings (MDIC item 10) was reported in

only one (2 %) trial [27]. Female soccer clubs were

excluded if they trained less than twice per week. In the

same trial, the number of settings agreeing to participate

(125 of 181 clubs) was also addressed (MDIC item 11)

[27]. In other trials, settings were not targeted with an

intervention, but information on the involvement of set-

tings during the recruitment of subjects was reported [6, 28,

29, 54].

3.5.4 Adoption-Delivery Agent Level

The exclusion of delivery agents (MDIC item 14) was

addressed in only three (6 %) trials. One study involving

the nationwide implementation of an IPEP in Switzerland

[49] reported the exclusion as follows:

Table 3 Summary of the reporting of ‘reach’, including reasons for excluding participants, percentage of participants excluded, reasons for

participating and percentage of participants participating, in 52 team ball sport injury-prevention exercise programme (IPEP) trials

Type of participants Reasons for excluding participants Exclusion % Reasons for not participating Participation %

Players Injured at time of selection [28, 35–37]

Language barriers [32, 38]

Playing position [35]

Use of braces [39]

Previous use of prevention programmes [39]

Systemic disease or neurological disorders [28]

Age [40]

Mean 5.9

Range 0.4–14.5

None reported Mean 83.2

Range 68.3–100

Teams Playing level [38, 41–43]

Demographic location [38, 39, 43, 44]

Already using a preventive programme [45, 46]

Previous involvement in pilot study [41]

Age [47]

Teams with existing physicians or physical
therapists [47]

Training frequency [46]

Mean 10.2

Range 0–20.7

Scepticism about the programme
[48]

Uncertainty about team structure,
staffing,

or management [45, 48]

Lack of time [34, 45]

Fear of player non-compliance [45]

Potential distraction to players [45]

Participation forbidden by team
management [31]

Mean 82.0

Range 40.3–100

Coaches Age of their respective players [49]

Playing level of their respective teams [49]

No specific exclusion criteria [33, 50]

Insufficient data Data collection requirements [27, 33,
51, 52]

Contentment with current
programme [33]

Lack of interest [33]

Prevention low priority [27]

Lack of programme variation [27]

Scepticism regarding programme
effectiveness [52]

Long follow-up periods [53]

Randomised study design [54]

Mean 60.2

36.8–100
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Coaches of the national team, the Super and Chal-

lenge League, the first and second inter-regional

leagues, and of teams for players younger than

14 years of age … [49] page 59

In two other trials, no delivery agents were excluded [33,

57]. The percentage of delivery agents agreeing to participate

(MDIC 15) was reported in two (4 %) trials. LaBella et al.

[33] reported 95 of 258 (37 %) high school coaches agreeing

to participate, while Junge et al. [49] reported 1,027 Swiss

coaches from an initial sample of 1,574 (65 %) consenting to

an interview, and 705 from a second sample of 1,015 coaches

(69 %). A description of the characteristics of participating

and non-participating delivery agents (MDIC item 16) was

addressed in four (8 %) trials, and included descriptions of

coach attitudes towards injury prevention [27]:

We think it is unlikely that the excluded clubs had

coaches who were less ‘safety conscious’ than the

coaches in the clubs that completed the study. Our

experience with this and several other studies is that,

at the outset, few coaches consider injuries as a factor

they can influence. [27] page 6

The use of qualitative methods (MDIC item 17) was

reported in five (10 %) trials and frequently highlighted

barriers to delivery agent adoption:

A general problem of prevention strategies that

include training modifications is to convince the

coaches of the need for it. In the beginning of the

present study many coaches were not convinced that

the exercises suggested in the initial program may

help to prevent injuries. Instead they were concerned

that the exercises would steal valuable preseason

training time A frequent demand was that the exer-

cises should be combined with handball specific

throwing exercises. [52] page 620

… the most common barrier to participation that

coaches reported was the additional work of regis-

tering and reporting data weekly. Other less common

reasons for non-participation included a reluctance to

use the same warm-up programme for every training

session and match and low priority for injury pre-

vention. [27] page 5

Other studies did not specify the use of qualitative

methods, but proposed potential facilitators or barriers to

staff adoption. A complete listing of all reported facilitators

and barriers to staff adoption is shown in Table 4.

3.5.5 Implementation

The proportion of injury-prevention sessions completed

(MDIC item 18) was reported in 37 % of trials (summa-

rised in Table 5). Authors frequently reported this item as

‘compliance’ or ‘adherence’.

Adaptations to the injury-prevention programme (MDIC

item 19), including omitting certain exercises or modifying

them, were reported in six (12 %) trials [32, 33, 43, 47, 51,

65]:

Some modifications were made to some of the

training exercises before the second intervention

season based on feedback from players and coaches

after the first season. The changes aimed to make the

exercises more specific to team handball, as well as

more challenging. [43] page 73

A measure of the time or cost of the programme (MDIC

item 20) was reported in 33 (63 %) trials, but the amount

and type of detail varied considerably. In the majority of

cases, this item was reported as the length of the programme

in minutes (e.g. an IPEP taking 20 min to perform). Ver-

hagen et al. [66] dedicated an entire paper to the economical

evaluation of a balance board training programme. A cost

analysis was also reported by LaBella et al. [33]:

To avoid 1 injury resulting in surgery, 189 athletes

would need to be exposed to the warm-up, which

equates to training 16 basketball coaches or 11 soccer

coaches. The cost of training 16 coaches ($1280) is

substantially less than the estimated treatment cost

for 1 ACL [anterior cruciate ligament] injury treated

surgically ($17 000–$25 000). [33] page 1038

Table 4 Summary of the reported facilitators and barriers to delivery

agent adoption in team ball sport injury-prevention exercise pro-

gramme (IPEP) trials (n = 52)

Type of

delivery agents

Facilitators Barriers

Coaches Incorporating sport-specific

exercises and endurance

components [52]

Requirement of data

collection [27, 33,

51, 52]

Contentment with

current

programme [33]

Lack of interest [33]

Prevention low

priority [27]

Lack of programme

variation [27]

Scepticism

regarding

programme

effectiveness [52]

Long follow-up

periods [53]

Physiotherapists Long follow-up

periods [53]
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The consistency of implementation across staff/time/

settings/subgroups (MDIC item 21) was reported in 17

(33 %) trials. Frequently, reporting against this item was

fulfilled by authors providing a range of the number of

completed injury-prevention sessions:

The teams in the intervention group performed a

mean of 91% of the 27 intended training sessions

(mean 24.6; standard deviation [SD] 2.3; range 18–27

sessions) [45] page 2300

The use of qualitative methods related to implementation

(MDIC item 22) was reported in 19 (37 %) trials. The most

extensive qualitative information was reported by Soligard

et al. [59]:

The probability of having low compliance with the

injury-prevention programme was 87% higher if the

coach believed that the programme was too time-

consuming (OR [odds ratio] 0.13, 95% CI 0.03 to

0.60, p = 0.009). The opinion that this injury-pre-

vention programme did not include enough football-

specific activities resulted in an 81% higher proba-

bility of low compliance with the programme (OR

0.19, 95% CI 0.40 to 0.92, p = 0.038). Whether the

coach had previously utilised injury-prevention

training in a similar group of players did not influence

the compliance with the injury-prevention pro-

gramme (OR 0.60, 95% CI 0.14 to 2.47, p = 0.47).

[59] page 790

Other trial reports summarised the attitudes of players

towards the implemented programme:

A majority of the players (11/15) considered the extra

hamstring training meaningful and were positive

towards a continuation; five players would prefer

whole season extra training; whereas six recom-

mended that it be a part of the preseason schedule

only [35] page 247

We were somewhat surprised by the low compliance in

the study because the problem of ACL injuries has

received a lot of attention from the media and within

the handball community. Despite the high incidence of

injury, the dire future consequences to knee function in

injured players, and close follow-up of the teams by

physical therapists, acceptable compliance was

achieved in less than half of the players [43] page 76

In some cases, authors proposed facilitators and barriers

to implementation without specifying the use of the qual-

itative methods used to identify them. A summary of all the

reported facilitators and barriers to implementation is

presented in Table 6.

3.5.6 Maintenance : Individual Level

A measure of the primary outcome at C6 months (MDIC

item 23) was reported in a nationwide implementation of

the coach-led FIFA 11 programme [49]. After 4 years,

80 % of sampled coaches were aware of the programme,

and 57 % reported performing most parts of it [49].

Broader outcomes at C6 months (MDIC item 24) were

reported for only two (4 %) trials [48, 49]:

16 of 36 teams (44%) reported that they had spon-

taneously continued performing components of the

exercise program and 7 teams (19%) reported using

the entire exercise program. The program was con-

tinued despite the fact that none of the teams had

knowledge of the study results [48] page 48

3.5.7 Maintenance: Setting Level

No trial reported any items in the ‘maintenance – setting

level’ dimension.

Table 5 The reported percentage of sessions completed in 52 team

ball sport injury-prevention exercise programme (IPEP) trials

Participants Trial % Sessions

completed

Players Cumps et al., 2008 [38] 78

Emery et al., 2007 [28] 60

Engebretsen et al., 2008 [32]

Ankle group 28

Knee group 29

Hamstring group 21

Groin group 19

Gabbe et al., 2006 [36] 47

Gatterer et al., 2012 [58] [90

Soligard et al., 2010 [59] 79

van Beijsterveldt et al., 2012 [40] 71

Teams Longo et al., 2012 [50] 100

Kraemer and Knobloch, 2009 [60] 100

McHugh et al., 2007 [61] 91

Myklebust et al., 2003 [43]

First season 26

Second season 29

Pasanen et al., 2008 [62] 74

Petersen et al., 2011 [45] 91

Soligard et al., 2010 [59] 77

Steffen et al., 2008 [63] 52

van Beijsterveldt et al., 2012 [40] 73

Clubs Olsen et al., 2005 [64] 87

Coaches Arnason et al., 2008 [53] 48

Hagglund et al., 2007 [51] 68

LaBella et al., 2011 [33] 80
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4 Discussion

This is the first systematic review focusing on the specific

implementation components of team ball sport IPEP trials.

The reporting of 52 IPEP trial details was assessed using

the 31-item RE-AIM MDIC. The results highlight the

current paucity of reported information relating to the key

RE-AIM dimensions of ‘reach’, ‘efficacy/effectiveness’,

‘adoption’, ‘implementation’ and ‘maintenance’. In par-

ticular, major knowledge gaps exist relating to the adoption

and maintenance of team ball sport IPEPs. Clear reporting

of all aspects of programme delivery is important to

enhance the ultimate impact of these interventions, and

their generalisability, translatability and/or upscale to other

groups and settings.

We successfully applied the RE-AIM MDIC to

reviewing the reporting of team ball sport IPEPs. Key to

this was our adoption of a staged process in which we first

summarised the reporting of each trial according to five

specific screening questions. We previously reported very

low levels of reviewer consensus when this screening was

not used [24], and its use in the present review led to

substantially higher agreement levels. We recommend

completing the screening worksheet prior to application of

the full RE-AIM MDIC to guide reviewers as to which RE-

AIM MDIC items are not applicable, and how the RE-AIM

terminology of ‘participants’, ‘delivery agents’ and ‘set-

tings’ applies to the reporting of individual IPEP trials. A

trend towards increasing agreement across the five

sequential batches of trial reports suggests a learning effect

over time. This suggests that training in the use of the RE-

AIM MDIC for reviewing published trial reports would be

valuable. Additionally, developing detailed guidelines for

the application of the RE-AIM MDIC to this team ball

sport IPEP context could enhance both independent review

agreement levels and the process of reaching final con-

sensus [68].

No IPEP will achieve its full potential if it is not

adopted, correctly executed and maintained by the end

users (e.g. coaches and players). This is the first systematic

Table 6 Reported facilitators and barriers to implementation in the reporting of 52 team ball sport injury-prevention exercise programme (IPEP) trials

Facilitators Barriers

Players Group training [32]

Qualified instructor [32]

Informing all relevant staff [57]

Motivation of the player’s coach [59]

Regular contact from researchers [56, 59]

Programme variation and progression [27]

Partner exercises [27]

Integration in normal training [27]

Individual education of players [48]

Delayed onset muscle soreness [35, 36, 45]

Time [32, 38]

Lack of interest [32]

Lack of supervision [32]

Length of sessions [57]

Lack of programme progression/variation [63]

Teams Integration in team practice [48, 60]

Supervision [61]

Small population [52]

Information material [63]

Previous injury problems [43]

Access to free medical imaging [45]

Free footballs as incentive [27]

Season structure [38, 63]

Length of programme [38]

Time factors [45]

Distraction from training [45]

Uncertainty regarding coaching position [45]

Low number of weekly trainings [63]

Clubs Media [64]

Previous study results [64]

Coaches Regular contact from researchers [31, 50, 59]

Programme variation and progression [27, 55]

Staff available to perform warm-up [33]

Voluntary participation [33]

Education/Information material [27, 50]

Small, controlled population [50]

Media influence [59]

Influence of high-profile players [59]

Sport-specific programme [55]

Time restraints [52, 55, 59, 67]

Not sport specific [52, 59]

Lack of communication between coach and players [67]

Requires expensive equipment [55]

Requires medical staff [55]

Small squad [51]

Important games [51]

Older, overweight or appearing less physically fit [33]

Other priorities of coaches [49]

Doing similar exercises [49]
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review focusing specifically on the implementation of team

ball sport IPEPs. Previous systematic reviews on team ball

sport IPEPs have focused primarily on efficacy [69–71].

The results of three reviews have supported the preventive

effect of IPEPs on sports injuries, while another review

focusing on soccer found conflicting evidence [71]. In

addition to the need for further research into the efficacy of

IPEPs, attention must now be focused on enhancing the

real-world impact of IPEPs through high-quality imple-

mentation. The results of several of the trials included in

this review highlight the importance of adequate compli-

ance in achieving the desired reduction in injuries [6, 27,

43, 59, 62]. A number of authors attributed high levels of

compliance to the fact that the IPEP was incorporated into

team training sessions [48, 50, 58, 60]; in contrast, low

levels of compliance were frequently reported for IPEPs

performed in addition to team training [28, 32, 42, 57]. A

number of papers also reported a decrease in compliance

over time [36, 41, 59, 63]. While the recent increase in

attention to compliance with IPEPs is important and wel-

comed, researchers must also appreciate that compliance is

only one of many important implementation consider-

ations. In this regard, the RE-AIM framework, and use of

the RE-AIM MDIC, is useful for outlining a full spectrum

of important factors, including multiple items, relating to

compliance.

The first major barrier to successfully preventing inju-

ries with an IPEP under real-life conditions is convincing

the intended users, such as coaches and players, to adopt

the programme in the first place. The requirement for data

collection and the time cost of the programme were the

most commonly cited barriers to adoption identified in this

review. Further considerations are the attitudes and beliefs

of users towards injury prevention in general, and the

effectiveness, degree of variation and sport specificity of

individual IPEPs. Accordingly, adoption could be

enhanced by investing sufficient time to fully understand

the attitudes and beliefs of end users such as coaches and

players, educating them about IPEPs, minimising pro-

gramme length, minimising the burden of data collection

and increasing programme variation. Studies in team ball

sport settings have also illustrated the importance of edu-

cating coaches in the latest injury-prevention evidence

[72], and how evaluating coach and player perspectives on

injury-prevention programmes can inform and enhance

future implementation effort [73–76].

Having convinced the targeted IPEP users (e.g. coaches,

sports team staff, players) to adopt the programme, a fur-

ther barrier to achieving the desired outcomes is ensuring

correct performance of the IPEP. Based on the results of

this review, important considerations are the length of the

programme, its sport specificity, potential side effects, the

support available from staff and educational material.

Accordingly, more successful implementation could be

facilitated by employing a relatively short, sport-specific

programme supported by sufficient staffing and education,

including education regarding potential side effects. When

considering the extent to which IPEP users execute injury-

prevention programmes as intended, it is important to

acknowledge that adaptations can be necessary in order to

successfully translate programmes to different groups and

settings. However, the requirement for any such adapta-

tions must be balanced against the requirement to preserve

programme fidelity [77, 78]. Further research is needed to

identify which specific elements of team ball sport IPEPs

are critical in achieving the desired injury-prevention out-

comes, and to what extent programme variation and pro-

gression is possible without negatively impacting on them.

Should the barriers to adoption and implementation be

successfully overcome, there remains the challenge of

facilitating sufficient maintenance of the IPEP for longer-

term prevention gains. As the individual RE-AIM MDIC

items in the dimension of ‘maintenance’ were reported in

fewer than 1 % of the 52 trials, no reasonable conclusions

on how to enhance the maintenance of team ball sport

IPEPs can be formed at this stage. This is a major gap that

needs addressing for long-term prevention goals that rely

on sustained behaviour change.

While this review clearly demonstrates the lack of

reporting on a range of specific implementation compo-

nents in team ball sport IPEP trials across all RE-AIM

dimensions, the paucity of information relating to the

dimensions of ‘adoption’ and ‘maintenance’ is particularly

concerning. The number of trials for which individual RE-

AIM MDIC items in these two dimensions were reported

ranged from just 0 to 10 %. In addition to the lack of

reported information on delivery agent adoption, it is

worrying that in 44 % of trials it was unclear whether or

not delivery agents were involved at all. To address this

gap and facilitate the translation of IPEPs to other groups

and settings, authors must provide detailed information on

the selection, participation, characteristics and actual

behaviour of the delivery agents.

The paucity of reported information on adoption by

settings is also a concern, because the adoption of IPEPs by

settings such as sports clubs and schools is seen to be an

important step in enhancing the wide-scale impact of these

programmes. Successfully engaging settings could enhance

both the adoption and maintenance of team ball sport

IPEPs, particularly if they are incorporated into policy.

Only one of the 52 trials fulfilled any component in the

dimension ‘adoption – setting level’. This may have

resulted, in part, from our definition of setting involvement.

In some cases, information about the involvement of set-

tings during the recruitment of subjects was reported, but

the settings were not identified as a target of the research
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intervention [6, 28, 29, 54]. However, even when the

reporting in these trials is included, there remains a distinct

lack of reported information on settings.

Certain RE-AIM MDIC items within the dimensions of

‘efficacy/effectiveness’ and ‘reach’ were reported in a

relatively high proportion of trials. In particular, more

recently published trial reports frequently addressed RE-

AIM items in these two dimensions. This could be a

reflection of the recent increased use of the CONSORT

(Consolidated Standards of Reporting Trials) statement

[79, 80], which requires the reporting of some similar

elements (e.g. eligibility criteria, group comparisons and

attrition rates).

Finally, the results of this review clearly illustrate the

scarcity of reported information on specific implementation

components in team ball sport IPEPs. Considering the

critical role of these factors in enhancing the ultimate

impact of team ball sport IPEPs, the lack of evidence in this

area is a concern. Future reporting must clearly identify

specific implementation components in order to enhance

the development of IPEPs, and efforts to translate them

into other groups and settings.

4.1 Limitations

The eligibility criteria and search strategy employed in this

review may have excluded potentially relevant papers, such

as trial reports published in other languages. Reports of

other trials, or additional reporting of included trials, may

have been published since the completion of the search

strategy. The reporting of eligible trials was only assessed

against the RE-AIM MDIC, which does not cover all

methodological aspects of intervention trials, especially

issues related to internal validity. It is possible that some

authors collected information relevant to RE-AIM MDIC

items, but did not report this information due to the

restrictions set by publishers. The screening questions used

in this review have not been formally tested for reliability

and validity, but they have been previously published. The

use of more than two independent reviewers may have

strengthened the methodology of this review.

5 Conclusion

Information on specific implementation components in the

reporting of team ball sport IPEP trials is scarce. In particular,

major knowledge gaps exist regarding the adoption and

maintenance of these programmes. This is a problem because

the successful adoption and maintenance of any injury-pre-

vention programme are key factors in achieving the desired

outcome. To enhance the ultimate impact of team ball sport

IPEPs, the future reporting of IPEP trials must clearly address

all aspects of programme delivery, as outlined by the RE-AIM

framework. The RE-AIM MDIC can be successfully applied

to reviewing literature in this context.
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