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ABSTRACT

Objective To test whether a musculoskeletal
multifactorial and individualised hamstring muscle injury
(HMI) risk reduction programme could reduce HMI risk in
professional football.

Methods We conducted a prospective cohort study

in Finnish premier football league teams, with the 2019
season used as a control and an intervention conducted
in the 2021 season. Screening was conducted to provide
individualised programmes and monitor progress. Cox
regression with hazard ratio (HR) was used with HMI as
outcome and season as explanatory variable, including all
players for primary analysis and those who performed the
two seasons for secondary analysis.

Results 90 players were included in the control and 87
in the intervention seasons; 31 players performed in the
2 seasons. Twenty HMIs were recorded during the control
and 16 during the intervention seasons. Cox regression
analyses revealed that HMI risk at any given time was not
significantly different between control and intervention
seasons (for all players: HR 0.77 (95% Cl 0.39 to 1.51),
p=0.444; for the 31 players: HR 0.32 (95% Cl 0.01 to
1.29), p=0.110)). For the 31 players, the HMI burden was
significantly reduced in the intervention compared with
the control season (RR 0.67 (95% Cl 0.53 to 0.85)). Higher
compliance with knee strength training, maximal velocity
exposure and lower performance reductions in maximal
theoretical horizontal force and knee flexor force were
associated with lower HMI incidence.

Conclusions Although the primary analysis did not
reveal any significant effect of the intervention to reduce
HMI risk in professional football, the programme was
feasible, and additional secondary analyses showed a
significant association between the intervention and lower
HMI burden, incidence and risk.

INTRODUCTION
Hamstring muscle injuries (HMIs) remain the
most common injury in modern professional

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Hamstring muscle injuries (HMIs) remain the most
common injury in modern professional football.

= Most successful HMI risk reduction interventions
in professional football have mainly focused on
only one component and on eccentric knee flexor
strength.

= It is relatively agreed upon that not reduced HMI
rates could be partly due to the lack of multifacto-
rial approaches and issues with compliance.

WHAT THIS STUDY ADDS

= The innovative musculoskeletal multifactorial and
individualised HMI risk programme was feasible in
a professional football setting.

= The HMI risk at any given time was not signifi-
cantly different between the control and the in-
tervention seasons.

= When considering only players who performed
the two seasons, the HMI burden was significant-
ly reduced in the intervention season.

= Higher compliance with knee strength training
and maximal velocity exposure was associated
with lower HMI incidence.

= Decreases in maximal theoretical horizontal force
and knee flexor force during the season increased
the odds of sustaining an HMI.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These promising results support the interest in
disseminating the present musculoskeletal mul-
tifactorial and individualised programme and
promoting its use in football. Although it was con-
ceived to be multifactorial, end-users could also
consider using, more specifically, some compo-
nents of the programme which have been associ-
ated with lower HMI incidence and risk (ie, knee
strength training, maximal theoretical horizontal
force and maximal velocity exposure).
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football." Successful HMI risk reduction interventions
in professional football have mainly focused on eccen-
tric knee flexor strength.? Despite this, the occurrence
of HMI remains a problem.' It is relatively agreed on
that this could be partly due to the lack of multifactorial
approaches and issues with compliance.”™

Consequently, Lahti et al’ suggested a programme
aiming at managing modifiable musculoskeletal intrinsic
risk factors from a multifactorial perspective, including
isolated and multijoint posterior-chain strength,
lumbopelvic control, range of motion (ROM), manual
therapy, triceps surae health and sprint performance.’
Indeed, the systematic inclusion of sprintfocused
training may be beneficial both from a performance and
injury risk reduction perspective,” which could promote
a ‘win-win’ collaboration between medical and training
staff to a multidisciplinary approach for reducing HMI
occurrence.

Furthermore, football players have been shown to
vary in which risk factors they individually possess across
the season.® To our knowledge, only one multifactorial
and individualised HMI risk reduction study has been
conducted in professional football.” However, this study
only focused on one club,” whereas a broader inclusion
of more clubs would have to inevitably consider different
environmental constraints (eg, facility, budget, culture).
Thus, more accessible approaches are likely warranted.’®

In this context, this study aimed to present the results
of the published protocol from Lahti et al,® and thus to
determine if a specific musculoskeletal multifactorial and
individualised programme can reduce the occurrence of
HMI in professional football teams with already ongoing
HMI risk reduction efforts.

METHODS

Study design and overall procedure

We conducted a prospective cohort study among profes-
sional football teams over two professional football
seasons.® The 2019 season was the control season, and
the 2021 season was the intervention season. The inter-
vention season was initially planned for 2020 but was
postponed for 1 year due to the COVID-19 pandemic.
Sport exposure and injury data were collected using the
same procedure during the two seasons. Implementing
a multifactorial and individualised HMI risk reduction
programme was only for the 2021 season. Both seasons
took place between April and October. The study outline
is presented in more detail in Lahti et al.’

Patient and public involvement
The public was involved in the development of the inter-
vention and the study. The patient was not involved.

Population

The recruitment was performed in Finnish premier
football league teams. For each team, the recruitment
was done by contacting each team’s strength and condi-
tioning coach and physiotherapist separately. Inclusion

criteria were players involved in training sessions during
the 2019 or 2021 seasons and accepting that their medical
data can be used for the research. Goalkeepers were
excluded from the study due to low injury risk.® More
details can be found in Lahti et al.’

Primary outcome data collection

The primary outcome of the study was the occurrence of
an index HML® HMI was defined as ‘traumatic or overuse
physical damage that occurred during sport exposure
and that caused absence from the next training sessions
or matches’,10 was located at the posterior side of the
thigh and involved muscular tissue.® The diagnosis was
made via examination and interview of the players by the
medical staff and confirmed by ultrasound or MRI.®

Other data collection

Other collected data included baseline information (ie,
anthropometrics, team, position,"" HMI history during
the two previous seasons), within-season sport exposure
(ie, match and training hours), screening test results
and questionnaires assigned for the coaching staff; more
information can be found in Lahti et al.’

Intervention: musculoskeletal multifactorial and
individualised HMI risk reduction programme for professional
football
The intervention protocol and the scheduling are briefly
introduced in this section, more detail can be found in
Lahti et al® The intervention protocol was only imple-
mented during the 2021 season. The programme first
started with screening tests to determine the individ-
ualised programme for each player. For each team, all
screening tests were planned at the start of the preseason,
end of preseason, mid-season and the end of the season.
The screening protocol was divided into four categories:
lumbopelvic control, ROM, posterior chain strength and
sprint mechanical output (figure 1).° In each screening,
category players were ranked as positive or negative
within each team based on the percentiles presented
in figure 1. Each training category included the same
exercises for all players, but the training volume was
adjusted based on the individual screening results. Thus,
all players continued to train in each category, but those
ranking above the percentile in specific categories were
given a training volume target that prioritised mainte-
nance (figure 1). The non-individualised component of
the intervention (ie, ‘training for all players’) included
high-speed sprinting, postsport ROM, triceps surae
health and manual therapy (figure 1). The separation
of these categories into a non-individualised group for
multiple reasons, including time constraints and differ-
ences between teams in the budget (eg, some teams did
not have functioning Global Positioning System (GPS)
for all players to allow for maximal velocity exposure indi-
vidualisation).

General programming advice on where to place
specific training stimuli during one and two match weeks
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Intervention screening and training structure of the musculoskeletal multifactorial individualised programme for

hamstring muscle injury risk reduction in professional football. The individualised approach included four training categories.
The screening result within each category determined each player’s training structure. For example, if a player within a specific
team was under the 33% percentile in the lumbopelvic control test, his target training volume for lumbopelvic control was four
times per week instead of two (see the last column for training outcome). This was also assuming there was only one game.

In two game weeks, volume was dropped by 50%. Training for all players was not individualised, and thus, the same training
volume was targeted for all players. More info can be found in Lahti et al.® ASLR, active straight leg raise; ROM, range of

motion.

was provided to all teams. Based on our discussions with
the teams, it was expected that there would be inevitable
differences in weekly programming strategies in different
clubs. All teams physical coaching staff confirmed that
they would try their best to find space for training targets,
while no guarantees could be made. After screening,
full responsibility was given to each team’s physiothera-
pist and strength and conditioning coach to implement
the programme best. Video material of exercises and a
weekend workshop were provided for all the physical
coaching staff involved in the study. The coaching staff
registered compliance data in each training category for
each player weekly.

Sample size calculation

Based on an HMI prevalence of 22%, with the goal of
66% HMI reduction, taking into account a power of 80%
(a=5%), the recruitment targeted 93 players per group.’

Statistical analysis
Descriptive analysis was first performed for players’
characteristics, screening test results, sport exposure

and HMI, using frequency with percentages for categor-
ical variables and mean with SDs (+SD) for continuous
variables and usual epidemiological variables.” Compli-
ance with the intervention programme was calculated
for each player in all the intervention categories
(training and manual therapy) in the following manner:
(completed intervention sessions/targeted intervention
sessions)x100. Afterwards, total intervention compliance
was calculated by averaging all the intervention catego-
ries. We compared the players’ characteristics for the
2019 and 2021 seasons using t-tests for continuous vari-
ables and y” for categorical variables.

For the primary analysis to determine if a specific
multifactorial and individualised programme can reduce
the occurrence of HMI in a professional football setting,
we performed a Cox proportional hazards regression (or
Cox regression) using ‘seasons’ (ie, control 2019 season
vs intervention 2021 season) as the explanatory variables
and the time to the first occurrence of a ‘new HMI’ as
outcome. The regression was adjusted for age, team,
body mass, height and history of HMI during the two
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previous seasons. The unit of analysis was the individual
players. The time to the first event was analysed using
hours of football practice (ie, cumulative training and
competition time). The HR was reported with 95% CI,
and the assumption that the HR was constant over time
was tested.

As a secondary analysis, we used a case-crossover
design. We included only players who participated in the
two seasons in the analysis, allowing each participant to
be under their control and reducing the between-person
confounding. We performed the same procedure of Cox
regression on these players.

Furthermore, we analysed the differences in HMI prev-
alence, incidence and burden between the two seasons
for all included players and those who performed the
two seasons using relative risk (RR) (95% CI) and the
relationship between performance drops in screening
variables (%D) during the season and HMI occurrence
postperformance drops using OR calculations (OR).

We analysed statistics by using R V.4.2.0 (V.4.2.0, Copy-
right 2016 The Foundation for Statistical Computing
(Comprehensive R Archive Network, http://www.
R-project.org; accessed on 13 December 2023). Signifi-
cance was accepted at p<0.05.

Deviations from the protocol

The intervention season was initially planned for the
2020 season but was postponed by 1 year to the 2021
season due to the outburst of the COVID-19 pandemic.
The pandemic also led to three measurement rounds
being conducted instead of four. Due to software issues,
the walk test was removed, and the lumbopelvic control
category only included the kickback test. For the statis-
tical analysis, we compared the players’ characteristics for
the 2019 and 2021 seasons using t-tests for continuous
variables and x” for categorical variables to help interpret
potential differences between seasons. We conducted a
secondary analysis using a case-crossover design. We also
conducted additional statistical analysis: (1) RR anal-
yses for the HMI prevalence, incidence and burden, (2)
correlations between compliance and HMI incidence
and (3) explorations between reductions in screening
test performances and HMI risk.

RESULTS

Population

From a total of 130 eligible professional male football
players from 6 teams within the professional male foot-
ball premier league in Finland ‘Veikkausliiga’, the final
sample included 5 teams with a total of 90 players for the
control season (2019) and 87 for the intervention season
(2021); 31 players participated at the two seasons. The
flow chart of the population selection is presented in
figure 2, and the characteristics of the included players
are in table 1.

Hamstring muscle injuries
Twenty-five (27.8% of all injuries) and 18 (25.0%)
HMI were collected during the 2019 and 2021 seasons,

respectively. These corresponded to 20 and 16 players
with at least one HMI, respectively, leading to 480 and
459 days lost from sports (figure 3 and table 2). There
were no significant differences in HMI risk between the
2019 and 2021 seasons for HMI prevalence (RR 0.80
(95% CI0.42 to 1.55)), incidence (RR 0.72 (95% CI 0.39
to 1.32)) and burden (RR 0.96 (95% CI 0.84 to 1.09)).

Among the 31 players participating in the two seasons,
9 HMI were collected in 2019 and 9 in 2021, corre-
sponding to 7 and 5 injured players, respectively, leading
to 173 and 114 days lost from sports, respectively. There
were no significant differences in HMI risk between the
2019 and 2021 seasons for HMI prevalence (RR 0.73
(95%CI 0.23 to 2.29)) and incidence (RR 0.68 (95% CI
0.24 to 1.90)). Still, there was a significant reduction of
HMI burden from the 2019 control season (15.6 number
of days lost per 1000 hours of football (95% CI 13.3 to
17.9) to the 2021 intervention season (10.5 (95% CI 8.6
to 12.4)) (RR 0.67 (95% CI 0.53 to 0.85)).

Primary and secondary analyses
The primary analysis using adjusted Cox proportional
hazards regression revealed that the HMI risk at any
given time was not significantly different between the
control and the intervention seasons (adjusted HR 0.77,
95% CI 0.39 to 1.51; p=0.444).

The secondary analysis, including the 31 players partic-
ipating in the two seasons, also revealed that the HMI risk
at any given time was not significantly different between
the control and the intervention seasons (adjusted HR
0.32,95% CI 0.01 to 1.29; p=0.110).

Compliance with the intervention

Relative compliance (% of completed sessions) in all cate-
gories of the intervention averaged over the entire season
is presented in table 3 and figure 4. Correlations between
compliance and HMI incidence (1000 hours of football
exposure) showed significant and negative correlations
in strength training (knee) and maximal velocity expo-
sure (table 3).

Screening results

For the 2021 interventional season, 87 players completed
the first round of screening, 77 completed the second,
and 48 completed all 3 rounds (table 4). For the second
round, injury was the only reason for missing the testing
(n=10). The third round had to be completed for the
teams after the season ended due to the ongoing
pandemic. However, due to injuries (n=12) or already
transitioning to other teams (n=33), only 48 players were
available.

Table 5 shows the percentage of changes in variables
during the season and their potential association with the
HMI risk. Players who showed performance reductions in
the maximal theoretical horizontal force and knee flexor
force between screening rounds one and two had 2.78
and 1.83 times higher odds of getting injured after the
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Assessed for eligibility in 2019

(6 teams, n = 125)

Exluded:
Goalkeepers:
n=15

Allocation

6 teams recruited in 2019 for both the control
and the intervention season (n =110)

I

2019 (Control season)
Lost players due to switching teams (n = 5)

Follow-up

2021 (intervention season)
Lost players due to switching teams (n = 4)
One team lost due to relegation (n =20)
Lost players due to not being available during pre-
season screening: (n =9)

Analysis

Control season: n =90
Intervention season: n = 87

Final Analysis:

Figure 2 Flow chart of the population selection.

second round of screening until the end of the season,
respectively (p<0.05).

Questionnaire results

The 2019 control and 2021 intervention seasons ques-
tionnaire results are in online supplemental figure 1-11.
The 2019 season questionnaire (online supplemental
figures 1-8) showed that out of all training categories,
forms of sprint training (sprint drills, runs, resisted
sprinting) were the least used among the five teams. The
2021 questionnaire (online supplemental figures 9-11)
demonstrated that teams with lower HMI occurrence
seemed to perceive that the largest benefit came from
increased sprint training.

DISCUSSION

The main findings of this study were that (1) the HMI
risk at any given time was not significantly different
between the control and the intervention seasons (for
all populations: adjusted HR 0.77 (95% CI 0.39 to 1.51),
p=0.444; for the case-crossover design analysis: adjusted
HR 0.32 (95% CI 0.01 to 1.29), p=0.110), (2) there was

a significant reduction of HMI burden from the control
season to the 2021 intervention season (RR 0.67 (95%
CI 0.53 to 0.85)) for the case-crossover design analysis,
(8) higher compliance with the knee strength training
and maximal velocity exposure was associated with lower
HMI incidence and (4) higher performance reductions
in maximal theoretical horizontal force and knee flexor
force were associated with higher HMI risk. Although the
primary analysis did not reveal any significant effect of
the intervention to reduce HMI risk in professional foot-
ball, the innovative musculoskeletal multifactorial and
individualised injury risk programme was feasible, and
additional secondary analyses showed a significant asso-
ciation between the intervention and lower HMI burden,
incidence and risk.

Only one other intervention study has explored the
value of evolving an HMI risk reduction protocol into
a multifactorial and individualised approach.” Contrary
to the results of Suarez-Arrones et al,” our intervention
did not significantly reduce the risk of HMI. Differences
in study setting and design can explain these different
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Table 1 Comparison of the players’ characteristics, football exposure and HMI history of the players between the two

seasons
Variables Control season (2019) Intervention season (2021) P value
No of players 90 87
Anthropometry (mean (SD))
Age 25.9 (5.0) 25.3 (5.2 0.409
Height 1.80 (0.07) 1.81 (0.07) 0.550
Body mass 77.1 (6.8) 76.4 (7.3) 0.509
History of HMI (n (%)) 0.405
Yes 19 (21.1) 23 (26.4)
No 71 (78.9) 64 (73.6)
Team (n (%)) 0.995
Team 1 20 (22.2) 18 (20.7)
Team 2 17 (18.9) 18 (20.7)
Team 3 16 (17.8) 14 (16.1)
Team 4 17 (18.9) 17 (19.5)
Team 5 20 (22.2) 20 (28.0)
Position (n (%)) 0.605
Defender 35 (38.9) 34 (39.1)
Midfielder 29 (32.2) 33(37.9)
Forward 26 (28.9) 20 (28.0)
Exposure (hours) (mean (SD))
Total 353.2 (39.4) 364.4 (49.9) 0.011
Match 26.4 (14.8) 28.1 (14.9) 0.432
Training 326.8 (33.4) 336.3 (44.6) 0.009
Exposure (hours) (sum)
Total 31789 31706
Match 2374 2447
Training 29415 29258

HMI, hamstring muscle injury.

statistical outcomes. Suarez-Arrones et al’ focused on one
team instead of multiple teams, reporting a seasonal HMI
incidence average of 7.7 from the control seasons (our
population had an average of 5.0 in the control season).
The COVID-19 pandemic could have influenced HMI
risk in the 2021 season. Indeed, previous studies reported
that COVID-19 may increase HMI risk for players
returning from quarantine,m_14 although contradictory
evidence also exists.'? Although our primary analysis did
not show HMI risk reduction with the intervention, it is
noted that additional secondary analyses reported signif-
icant results supporting the efficacy of the intervention
to reduce HMI burden, incidence and risk. In addition,
at the human and team levels, avoiding four index inju-
ries and seven HMI in total could be considered highly
relevant from multiple perspectives (eg, player level, club
financial level)."

The differences in injury burden between seasons
should also be discussed as they also portray HMI severity
and reinjury differences between seasons. For example,

HMI incidence may be reduced, but it is not of high
value if the total time lost is similar. There were five rein-
juries in the control season (three out of five teams)
vs two in the intervention season (one team). Three
out of five teams reduced their injury burden from the
control to the intervention season by 59% (19.6 vs 8.9
lost days per 1000 player hours). Two teams increased
their injury burden, one with 413% (5.3 vs 27.3 lost
days per 1000 player hours) and 19% (15.0 vs 17.9 lost
days per 1000 player hours). The team that had a 413%
increase was also the only team that increased HMI inci-
dence between seasons (four vs eight injuries, including
two reinjuries in 2021). For this team, the injuries were
more severe in the intervention season (10 vs 31 average
days lost per player). Interestingly, the team that had a
19% increase in injury burden decreased their HMI
from five to two. This discrepancy is explained by the
severity of one of their injuries that was 5 SD above the
average HMI severity (26.9+17.2days); a single grade 2
hamstring distal tear that caused 80 lost days. In such a
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small sample, this single injury substantially affected the
mean injury burden within the season. Furthermore, in
the case-crossover design analysis, our results showed a
significant reduction of HMI burden from the control
season to the 2021 intervention season (RR 0.67 (95% CI
0.53 to 0.85)), supporting the interest of this innovative

musculoskeletal multifactorial and individualised injury
risk programme to reduce HMI impact in professional
football.

Compliance with the intervention might have played
a role, as presented in table 3 and figure 4. Hypotheses
regarding the compliance issues are of interest as they

Edouard P, et al. BMJ Open Sp Ex Med 2024;10:e001866. doi:10.1136/bmjsem-2023-001866 7



Table 2 Injuries between 2019 (control) and 2021 (intervention)
Variables Control (2019) season Intervention (2021) season
No of all injuries 90 72
No of HMI (including reinjuries)
Total 25 18
Match 15 12
Training 10 6
Severe (>28 days) 6 6
Injury circumstance (n, (% of all index HMI))
Sprinting 14 (70.0) 10 (62.5)
Change of direction 3 (15.0) 2 (12.5)
Overstretch action 2 (10.0) 3 (25.0)
Unknown 1(5.0) 0 (0.0)
No of players with at least one HMI (n, (% of all injuries))
Total 20 (22.2) 16 (22.2)
Match 12 (13.3) 10 (13.8)
Training 10 (11.1) 6 (8.33)
Severe 6 (6.7) 6 (8.33)
No of days lost for HMI 480 459
Incidence of HMI (no per 1000 hours (95% CI))
Total 0.79 (0.31) 0.57 (0.26)
Match 6.32 (3.19) 4.90 (2.77)
Training 0.34 (0.21) 0.21 (0.16)
HMI burden (no of days lost per 1000 hours of football ~ 15.1 (1.34) 14.5 (1.31)
(95% Cl))
HMI burden (mean of individual no of time lost (in days) 16.3 (37.7) 16.0 (44.9)

per 1000 hours of football, mean (SD))

HMI, hamstring muscle injury.

could, in part, explain the failure of the intervention in
significantly reducing HMI occurrence and also help to
improve compliance for future studies and/or implemen-
tation in the field. One reason could be a lack of buy-in
from the assistant coach and head coach, with maximal
velocity exposure mentioned as the most difficult training
category to include systematically. This corresponds to
the extrinsic risk factors reported in a recent HMI risk
survey study among high-level European clubs.” Further-
more, the physical coaching staff could have difficulties
implementing the programme on double match weeks,
irrespective of the reduction in target volume. Another
reason could have been the lack of continuous, high-
quality education on the approach. Thus, future studies
should provide improved programming strategies and
more robust approaches to inspire innovation within the
entire staff and emphasise continued high-quality educa-
tion before and during the season.

Compliance was the average of all intervention training
categories and the manual therapy category, which
assumes all categories are of equal value in reducing
HMI risk. Although a holistic approach is considered

optimal,” '® ! there is realistically some stimuli hierarchy.

Additional analysis demonstrated which intervention
categories may have been of the highest value in reducing
the occurrence of HMI. Simple correlational analysis
revealed that higher compliance in knee flexor strength
training (r=-0.89; p<0.05) and maximal velocity expo-
sure (r=-0.93; p<0.05) were significantly and negatively
correlated with HMI incidence (table 3). This means
that there was an association between higher training
compliance and a lower HMI risk level in these training
categories. The individualised training categories also
allowed for more in-depth analysis as we could assess the
value of performance changes during the season. Our
findings show that the players with performance drops
in knee flexor strength or maximal theoretical hori-
zontal force during sprint acceleration between the first
and second screening rounds showed increased odds
of sustaining an HMI later in the season (ORs=1.83and
2.78, respectively, p<0.05). This was consistent with
the expert experience, including strength testing and
training for HMI risk reduction in professional football.”
According to our control season questionnaire, using
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Figure 4 Relative compliance was reported as the total for each intervention category of the five teams separately during

the intervention season. The total compliance % is reported first to the left. The intervention categories are divided into non-
individualised (max velocity, postsport ROM, triceps surae and manual therapy) and individualised clusters (lumbopelvic
control, ROM, posterior chain strength and sprint mechanical output). The number of index injuries reported per team is on the
bottom legend. HMI, hamstring muscle injury; ROM, range of motion.

evidence-based HMI risk reduction strength training
methods was common practice among teams. Three out
of five teams used the Nordic Hamstring Exercise (NHE)
weekly (online supplemental figure 1), and the average
HMI per team (including reinjuries) was 5.0£0.7 in the
control season. This was close to the reported HMI team
average of 17 elite UEFA clubs successfully implementing
the NHE weekly during the 2020-2021 season (5+2).”
However, our intervention protocol included hamstring
knee-joint focused (eg, the NHE) and hip-jointfocused
exercises (eg, Romanian deadlift variants) to support the
broader evidence-based intramuscular development of
the hamstrings and synergists."® ' The questionnaire did
not specifically assess if the knee-joint or hip-joint exercise
categories were perceived to increase in volume and/or
detail. However, teams with lower rates of HMI perceived
a higher magnitude than the programming detail for
posterior strength training improved during the inter-
vention season (online supplemental figure 10). Indeed,
studies have shown that strength- and sprint-training
programmes can positively influence hamstring architec-
ture and lumbopelvic control,'™***' which are associated
with HMI risk.”** Sprint volume was also shown to have a
U-shaped injury risk curve in a professional sprint-based
team sport. This indicates the importance of optimising
training via individualisation and its systematic inclu-
sion.”* This is arguably true for all training categories that
may cause fatigue; thus, optimising testing and training

strategies are likely of essential importance.” Thus, it
may be possible that the teams who evolved their ongoing
HMI risk reduction strategies within posterior chain
strength and sprint training were the most successful in
reducing the risk of HMI. Furthermore, the successful
teams seemed to be better at maintaining high compli-
ance during the entire season in these training categories,
possibly leading to a reduced risk of performance drops.
Although these additional findings should be explored
further in larger cohorts, they support frequent training
and testing to control individual decrements in physical
performance during the season. One positive result of
this study was that the screening protocol was feasible
multiple times over the season in different settings. The
importance of frequent screening has been discussed
in previous studies,” ?’ focusing on controlling for
performance decrements via fatigue or lack of adequate
training exposure.

However, we have to acknowledge some limitations.
We did not conduct a randomised controlled trial. The
previous season was used as a control, assuming the
seasons were exchangeable. The 2019 season was unaf-
fected by the COVID-19 pandemic and can be considered
normal. The 2021 season followed the same framework as
the 2019 season and, as such, can be considered normal.
However, we can notignore that the COVID-19 pandemic
could have also influenced the 2021 season. The gap year
that took place due to the pandemic caused numerous
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Table 4 Descriptive statistics of the screening tests during the three measurements

Baseline
All screening All screening All screening Effect size (first Effect size (first vs differences

Category Test 1 (n=87) 2 (n=77) 3 (n=48) second) third) between teams
Range of Jurdan (°) 71.0(9.000 72.0(9.33) 72.3(8.88) 0.20(-0.02t00.44) 0.76 (0.43to 1.08)
motion Jurdan 6.98 (6.77) 5.82(4.23) 6.53(4.70) -0.18(-0.411t00.04) 0.14 (-0.42 to 0.14)

asymmetry

(%)

Active 90.7 (11.7)  93.1 (10.3) 92.7 (8.44) 0.32(-0.09 to 0.55) 0.61 (0.30 to 0.91)

straight leg

raise (°)

Active 5.41(4.35) 4.79(3.88) 553(5.81) -0.12(-0.34t0 0.10) 0.01 (-0.04 to 0.53)

straight

leg raise

asymmetry

(%)
Lumbo-pelvic  Kickback (°) 155 155 153 —-0.12 (-0.35t0 0.10) —0.10 (-0.38t0 0.18) Team 1 and 5
control (12.5) (11.4) (24.7) <team 2*
Sprint Maximal 7.82 (0.44) 7.93(0.46) 7.77(0.52) 0.29 (-0.06t0 0.52) -0.24 (-0.53 to 0.04) Team 2<team
mechanical theoretical &
output horizontal

force (N/kg)
Posterior chain  Hip force (N/ 5.12 (0.82) 5.32 (0.94) 5.35(0.82) 0.23 (-0.01t00.45) 0.43 (-0.13t00.72) Team 5<team
strength kg) 1*

Hip force 6.52 (5.39) 8.01(5.73) 6.30(4.79) 0.22(-0.01t00.44) -0.10(-0.38t0 0.18)

asymmetry

(%)
Knee force  4.17 (0.64) 4.33(0.66) 4.22(0.70) 0.29 (-0.06 to 0.52) 0.06 (-.022 to 0.35) Team 5<team
(N/kg) 1*

Knee force  7.68 (6.68) 9.10(7.31) 8.29 (6.13) 0.12(-0.11t0 0.34) 0.07 (-0.20 to 0.36)
asymmetry
(%)

*p<0.05.

Table 5 Changes in performance between the first and second screening rounds

OR between HMI and
A% non-injured (round 1 A% injured (round 1 vs drops in performance

Test vs 2)n=70 2)n=7 (95% CI)

Jurdan 2.60 (8.73) -2.04 (7.92) —-0.69 (-2.27 to 0.88)
Jurdan asymmetry -1.54 (7.18) 1.38 (5.08) 1.73 (-0.43 to 3.90)
Active straight leg raise 3.41 (8.77) 0.48 (5.18) -0.69 (-2.27 to 0.88)
Active straight leg raise asymmetry —-0.66 (5.25) -0.13 (4.46) 0.86 (-0.85 to 2.57)
Kickback -0.44 (5.10) -0.38 (1.44) 0.06 (-1.51 to 1.63)
Theoretical maximal horizontal force  2.22 (5.09) —4.44 (2.89) —2.78 (-4.96 to 0.59)*
Hip force 4.29 (16.0) 0.37 (6.12) 0.27 (-1.45 10 1.98)
Hip force asymmetry 1.34 (6.98) 3.88 (9.55) 1.14 (-1.03 to 3.32)
Knee force 5.01 (12.3) -6.11 (10.2) -1.83 (-3.55 to to 0.11)*
Knee force asymmetry 0.91 (8.76) 2.03 (10.2) —0.46 (-2.03 to 1.11)
*p<0.5.

HMI, hamstring muscle injury.

Edouard P, et al. BMJ Open Sp Ex Med 2024;10:e001866. doi:10.1136/bmjsem-2023-001866 11



difficulties, with likely the largest being the sample size.
One involved team dropped out of the Finnish premier
league this year. Our sample size calculations were calcu-
lated based on HMI prevalence, while our primary analysis
was a Cox regression analysis. It targeted 93 players per
season, whereas we ended up with 90 and 87 after 1
team dropped out; our study may thus have been slightly
underpowered. In addition, the HMI prevalence and the
effect of the intervention used for the a priori sample size
calculation could have been overestimated, increasing
the risk of underpowering. Competing events were not
considered in this study and Cox regression analyses. This
study was conducted in Finland, which could impact the
generalisation of the results given cultural specificities
and especially football season design (eg, from April to
October without the winter season). We did not have the
details of HMI, for example, the exact muscle involved or
the severity grade. For the exposure, we only considered
the volume/duration of the activity (ie, football training
and match duration in hours). Adding the intensity (eg,
Borg scale) or using GPS data could have provided more
accurate information for exposure. Since coaching staff
were free to organise the individualised programme
for each player inside the training, it could have been
of interest to have the details of this organisation/peri-
odisation and the compliance and analyse its potential
effect on HMI risk. Not all the screening tests could
have been performed, and not all players could have
participated in all test sessions. Our proposed test and
training methods should also be constantly improved.
For example, technological updates may allow for a more
thorough analysis of force output and movement compe-
tency. Systematic use of GPS systems will likely improve
individual load monitoring in the context of our protocol
and will allow for individualisation of maximal velocity
exposure. We performed additional secondary analyses
that were thought relevant, but that was not presented
in the study protocol, which can lead to selection bias,
thus caution should be taken in their interpretation.’ For
transparency to the readers, these are mentioned in the
deviations from the protocol paragraph.

Practical implications

Although our primary analysis did not reveal a significant
reduction in HMI risk in professional football settings
that were already ongoing HMI risk reduction efforts,
the proposed innovative musculoskeletal multifactorial
and individualised programme was feasible and associ-
ated with reduction of HMI burden, incidence and risk
for some aspects. It was also not associated with higher
HMI risk. Although further studies should confirm these
results and, if possible, with a higher level of evidence
using a randomised controlled design, these promising
results support the interest in disseminating the present
musculoskeletal ~multifactorial and  individualised
programme and promoting its use in football. Although
it was conceived to be multifactorial, end-users could also
consider using, more specifically, some components of

the programme, which have been associated with HMI
risk reduction (ie, knee strength training, maximal theo-
retical horizontal force and maximal velocity exposure).

CONCLUSIONS

In the primary analysis, the proposed innovative muscu-
loskeletal multifactorial and individualised programme
was not associated with a significant HMI risk reduction
atany given time. However, additional secondary analyses
showed a significant association between the interven-
tion and lower HMI burden, incidence and risk. These
promising results support the interest in disseminating
this programme and approach and promoting its use in
football.
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