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ARTICLE INFO ABSTRACT
Keywords: Background: Young female floorball players are among the athletes at the highest risk of rupturing their anterior
Knee injury cruciate ligament in games and practices. Most anterior cruciate ligament injuries in female floorball occur in

Risk factor
Knee kinematics
Knee kinetics
Female athlete

noncontact cutting situations. The primary aim of this study was to investigate association between knee
biomechanics during a 90-degree cutting task and the risk for future non-contact anterior cruciate ligament
injury in female floorball players.

Methods: Sixty-five female floorball players (median age 19.5 years; range 15-31) completed preseason testing
and 2.5-year follow-up. The testing included marker-based three-dimensional motion analysis of a floorball-
specific 90-degree cutting task. Players' movements were recorded by eight 300 Hz cameras, and ground reac-
tion forces were captured by 1500 Hz force plates. Seven biomechanical variables were measured: knee valgus
angle at initial contact, peak knee valgus angle, knee flexion angle at initial contact, peak knee flexion angle,
peak knee abduction moment, peak knee flexion moment, and peak knee internal rotation moment. Anterior
cruciate ligament injuries were recorded throughout the follow-up.

Findings: Ten ACL injuries occurred and were included in the analysis. No differences were observed in baseline
biomechanical variables between players who sustained an ACL injury during follow-up and those who remained
injury-free.

Interpretation: Knee valgus and flexion angles, and knee abduction, flexion, and internal rotation moments during
the 90-degree cutting test were not associated with the risk of non-contact anterior cruciate ligament injury in
female floorball players. The 90-degree cutting test developed for this study cannot predict ACL injuries in female
floorball players.

1. Introduction worldwide, according to the International Floorball Federation (IFF).
This marks an increase from 74,000 in 2023, reflecting the growing

Floorball, a fast-paced team sport played on an indoor court (20 m x popularity of girls' and women's competitive floorball globally. The

40 m) with synthetic or wooden floor, is a popular competitive sport distribution of players varies by country: in 2024, Sweden led with about
among youth and adult females, specifically in Europe. In 2024, there 37,600 female players, followed by Finland (9000). Other countries with
were approximately 91,000 registered female floorball players notable competitive female floorball communities include the Czech
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Republic (7800), Switzerland (6900), Norway (5800), and Singapore
(4900) (IFF, personal communication).

The game demands running and sprinting combined with quick de-
celerations and cutting movements, which can place substantial stress
on the knee joint. A floorball player can execute dozens of sharp cuts
during a game, and these cutting maneuvers are common situations in
which traumatic knee injuries, such as anterior cruciate ligament (ACL)
injuries, may occur (Pasanen et al., 2008; Pasanen et al., 2018). Despite
the popularity and growing participation in floorball, there is limited
research focusing on the biomechanical risk factors that contribute to
ACL injuries in female players. A better understanding of biomechanical
risk factors for ACL injury is needed to inform the development of
screening and prevention strategies for female floorball.

ACL injury is one of the most devastating injuries an athlete can
sustain, frequently resulting in significant time loss from sport and long-
term health consequences, such as increased risk of early osteoarthritis
and obesity (Larsen et al., 1999; Lohmander et al., 2007; Myklebust
et al., 2003; Suter et al., 2017; Whittaker et al., 2015). One of the most
significant consequences of a primary ACL injury is the increased risk of
suffering another ACL injury after returning to sport (Paterno et al.,
2014; Wiggins et al., 2016). After ACL reconstruction surgery, 81 % of
athletes return to competitive sport (Ardern et al., 2014), and as many as
20-30 % of female athletes who return to sport after an ACL injury
sustain a second ACL injury, either in the ipsilateral or contralateral
knee (Wiggins et al., 2016). Female athletes who undergo ACL recon-
struction have a five times greater risk of a second ACL injury in the first
two years after returning to sport, compared to healthy controls (Paterno
et al., 2014).

ACL injuries are particularly common in pivoting team sports
(Parkkari et al., 2008; Roos et al., 2017; Zuckerman et al., 2018), with
most occurring without direct physical contact to the affected leg at the
time of injury (Gopinatth et al., 2024). Female athletes participating in
high intensity pivoting team sports like floorball, are affected by ACL
injuries more often than their male counterparts (Hewett et al., 2006;
Pasanen et al., 2018; Tranaeus et al., 2016).

The majority of previous cohort studies on ACL injury risk factors
have focused on measuring athletes' movements and knee loading dur-
ing double-leg drop jumps (Hewett et al., 2005, Krosshaug et al., 2016;
Leppanen et al., 2017a, 2017b; Padua et al., 2015; Smith et al., 2012a,
2012b). Only three prospective cohort studies have evaluated the link
between athletes' movements and knee loading during sport-specific
cutting tasks, and ACL injury risk. A study involving youth basketball
and floorball players (Leppanen et al., 2021) examined whether knee
biomechanics during a 180-degree pivot turn were associated with an
increased risk of ACL injury. Compared to uninjured female players,
those who sustained a noncontact ACL injury during follow-up had a 20
% higher knee abduction moment (KAM) in the pre-season baseline 180-
degree pivot turn test. Although this difference was likely clinically
meaningful, it was not statistically significant due to the limited sample
size, suggesting that further research is needed.

Another study (Zebis et al., 2022) investigated associations between
hip and knee kinetics and kinematics during side-step cutting and the
risk of ACL injury in youth soccer and handball players. The authors
concluded that increased internal knee rotation angle and reduced hip
flexion angle during side-cutting were associated with a future ACL
injury. However, given that knee rotation angles are prone to mea-
surement error and considering the explorative nature of this study,
these results must be interpreted with caution. Mausehund and Kros-
shaug (2024) examined if knee biomechanics during side-step cutting
differ between female handball and soccer players with and without a
history of ACL injury. Additionally, they aimed to assess whether
biomechanical factors are linked to the risk of secondary ACL injury.
Their results showed that female players with a history of ACL injury
continued to unload their injured knee four years post-injury, while
loading of the contralateral healthy knee was similar to that of their
injury-free counterparts.
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To date, no studies have investigated the kinematics and kinetics
during a floorball-specific 90-degree cutting task and its relationship to
future ACL injuries. Therefore, the primary aim of this study was to
explore the association between knee biomechanics during a 90-degree
cutting task and the risk of future noncontact ACL injury in female
floorball players. The secondary aim was to assess whether knee
biomechanical parameters during a 90-degree cutting task differ be-
tween players with a history of ACL injury at baseline and those without
an ACL injury history at baseline.

2. Methods

This study is part of a large prospective cohort study (PROFITS
Study) investigating risk factors for lower limb injuries in team sports
(Pasanen et al., 2015). The study protocol was approved by the Ethics
Committee of the Pirkanmaa Hospital District, Tampere, Finland
(R10169).

2.1. Participants

Four female floorball teams from the highest junior league (two
teams; approximately 40 players) and adult's premier league (two teams;
approximately 40 players) from Tampere, Finland were invited to
participate in the study. All teams agreed to participate. Players with
contracts with the participating teams, who were expected to play
during the upcoming floorball season, were eligible to participate if they
were able to fully engage in team practices and training at baseline.
Players were excluded from the study if they had any health conditions,
such as unhealed musculoskeletal injuries, concussions, or illnesses, that
limited their ability to perform the baseline biomechanical testing.

2.2. Cutting test

Players performed a 90-degree cutting test (floorball specific press-
ing and cutting task) at the UKK Institute's three-dimensional (3D)
motion analysis laboratory. The 90-degree cutting test was developed
for this study by an international-level floorball coach (KP). The test
started with the player standing six meters from the force plate with a
floorball stick in her hands. One research assistant (A1) was standing
three meters directly behind the force plate with a stick and the ball, and
another research assistant (A2) was standing eight meters left or right of
the Al. The player was instructed to run towards the Al using game-like
speed. As soon as the player was approaching the force plate, the Al
passed the ball to the A2, and the player performed a 90-degree cut on
the force plate to turn and run towards the direction that the ball was
passed (Fig. 1, Fig. 2).

Players wore shorts, sports bras and floorball shoes when performing
the test. Before the test, players' height, body mass, and knee and ankle
widths were measured. One physiotherapist placed the reflective
markers on all players according to a Plug-in Gait full body model (Vicon
Nexus v1.7; Oxford Metrics, Oxford, UK). Lower body marker positions
were the following: on the shoe over the second metatarsal head and
over the posterior calcaneus, lateral malleolus, lateral shank, lateral
femoral epicondyle, lateral thigh, anterior superior iliac spine, and
posterior superior iliac spine. Players performed a 5-min cycling warm-
up on a stationary bike, running trials, and change of direction trials
before the 90-degree cutting test. Players were allowed to perform 1 to 3
practice trials of the 90-degree cut, and three valid trials for both sides
(left and right cut) were collected for each player. The test trials were
accepted if the player performed the task as instructed with; (1) full
effort and speed (visually evaluated), (2) the entire foot landed on the
force plate, and (2) the markers stayed firmly on the player's skin
throughout the trial. The mean of three trials per each cutting leg was
used in the analysis.

Eight infrared, high-speed cameras (Vicon T40; Vicon, Oxford, UK)
and two force plates (BP6001200; AMTI, Watertown, MA) were used to
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Fig. 1. The floorball-specific 90-degree cutting test.

Fig. 2. Screenshots from video footage of the floorball-specific 90-degree cut-
ting test.

record marker positions and ground-reaction force (GRF) data syn-
chronously at 300 and 1500 Hz, respectively. A static calibration trial
was conducted before the test to determine the anatomic segment co-
ordinate systems. Marker trajectories were identified using Vicon Nexus
software (Vicon Nexus v1.7; Oxford Metrics, Oxford, UK). Both move-
ment and GRF were filtered using a fourth-order Butterworth filter with
cutoff frequencies of 15 Hz. The contact phase was defined as the period

when the unfiltered GRF exceeded 20 N.

Kinetics and kinematics of the outside knee (cutting leg) during each
turn (right-turn = left knee; left-turn = right knee) were analyzed. To
limit the number of variables tested, focus was on seven selected
biomechanical variables of the knee (peak knee valgus and flexion an-
gles; knee valgus and flexion angles at initial contact (IC); and peak knee
flexion, abduction, and internal rotation moments) during the 90-degree
cut. Kinematic and kinetic variables were calculated about an orthog-
onal axis system located in the proximal segment of a joint (thigh). An
open-source Python wrapping of Biomechanical ToolKit platform (BTK
0.3) and a custom Python Version 3.7.4 script were used for reading and
modifying the kinematic and kinetic 3D trajectories and force plate
signals from the c3d files. The standard open-source Python library for
scientific computing (NumPy 1.16.5) was utilized in the extraction of
biomechanical variables from the imported raw time-series data vectors.

The within-session reliability of lower limb biomechanics during a
cutting task in female team sport players, assessed using similar 3D
motion analysis system and force plate setup, has been found to range
from good to excellent: knee valgus angle at initial contact (ICC 0.92),
peak knee valgus angle (ICC 0.95), knee flexion angle at initial contact
(ICC 0.90), peak knee flexion angle (ICC 0.75), peak KAM (ICC 0.90),
peak knee flexion moment (ICC 0.94), and peak knee internal rotation
moment (ICC 0.89) (Mok et al., 2018).

2.3. Injury registration

After conducting the baseline tests, the players were followed for 2.5
years, and all new ACL injuries were recorded. During the first follow-up
year, two study physicians registered injuries by contacting the teams
(team designate: coach or support team member) once a week to check
possible new injuries (all time-loss injuries for the larger PROFITS
study). During the final 1.5 study years, ACL injuries were registered by
contacting the players twice with an automatic text message question-
naire. A study physician or physiotherapist interviewed all injured
players using a structured injury report form. This study included only
ACL injuries without direct contact to the affected leg at the time of
injury, confirmed through magnetic resonance imaging (MRI) and/or
arthroscopy. Noncontact injury as defined in this study also include-
d”indirect contact ACL injuries”, such as situations where a contact by
other player or object may have occurred at the time of injury, but not
directly to the injured leg, or where a contact may have occurred prior to
the injury (Bahr et al., 2020; Olsen et al., 2004).

2.4. Statistical analysis

Statistical analyses were performed with SPSS (Version 29.0; SPSS,
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Inc., Chicago, IL). Descriptive data are presented as means with standard
deviations or medians with range, and frequences with corresponding
percentages. For the analyses, players and legs were categorized into
two groups: (1a) the new injury group and (1b) no new injury group
(primary aim of the study); or (2a) the previous injury group and (2b) no
previous injury group (secondary aim of the study). Independent-
samples t-tests were used to compare group differences. Binary logistic
regression analysis was used to identify the risk factors. Each potential
biomechanical risk factor was analyzed in a separate model with non-
contact ACL injury as a dependent variable and leg as a unit of anal-
ysis. Previous ACL injury of either leg was included as an adjustment
factor in the adjusted models. Statistical significance was set at p < 0.05.
In order to detect strong associations between risk factors and injury, a
minimum of 20 injury cases were needed for analysis (Bahr and Holme,
2003).

3. Results
3.1. Player and injury characteristics

Altogether 65 players completed the baseline testing and 2.5-year
follow-up. The median age of the players was 19 years (range: 15 to
31). At the time of recruitment, 44 players (68 %) were competing in the
adult league level (with some youth players participating in both adult
and youth leagues), while 21 players (32 %) were in the youth league
only. Seven players had a history of ACL injury at baseline. They all had
completed their rehabilitation and were medically cleared to fully
participate in floorball training and games.

During the 2.5-year follow-up, ten players sustained a new noncon-
tact ACL injury, three of whom had a history of ACL injury at the
baseline. Seven out of ten new ACL injuries were first-time injuries.
Among the three injured players with a history of ACL injury at baseline,
time to re-injury — defined as the time from the primary ACL injury to a
subsequent ACL injury — ranged from 13 months to 4 years: 13 months
(ipsilateral injury), 2 years 5 months (contralateral injury), and 4 years
(contralateral injury). No statistically significant differences were
observed in baseline demographics between players who sustained a
new ACL injury (n = 10) during the follow-up and those who remained
injury-free (n = 55). (Table 1).

3.2. Association between knee biomechanics and ACL injury risk

Risk factor analyses revealed no significant differences in baseline
kinematic and kinetic variables between ACL injured and uninjured legs,
as measured during the 90-degree cutting test (Table 2). Time series data
for biomechanical variables are provided in the Supplementary File
(Figs. S1-S5).

Table 1

Comparison of baseline demographic characteristics between two groups: the
new injury group (players with a new noncontact ACL injury during follow-up)
and the no new injury group (players who stayed injury-free during follow-up).

Baseline Demographic New Injury (n = No New Injury (n P-

Characteristic 10) =55) value

Age, y 18.7 (3.2) 19.6 (4.4) 0.52

Height, cm 168.1 (4.8) 166.2 (5.8) 0.34

Body mass, kg 63.9 (8.5) 63.0 (7.5) 0.74

BML, kg/cm? 22.5(2.1) 22.8 (2.8) 0.75

Playing experience at 9.1 (2.0) 8.2(3.4) 0.39
baseline, y

History of ACL injury, yes* 3 (30)* 4(7) 0.07

Values are given as mean (SD).
* Values are given as number of players (%). ACL = anterior cruciate ligament.
? One ipsilateral, and two contralateral injuries.
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Table 2

Baseline biomechanical test results in two groups: the new injury group (legs
with a noncontact ACL injury during follow-up) and the no new injury group
(legs that remained injury-free throughout follow-up), along with odds ratios for
each potential risk factor.

New No New
Injury (n Injury (n
=10) =118%
Mean Mean (SD) Unadjusted OR  Adjusted” OR
(SD) (95 % CI) (95 % CI)
Kinematic variables
Knee valgus angle 0.98 0.99
at IC, degree 7304 62073 (0.90-1.07) (0.91-1.07)
Peak knee valgus 12.7 1.00 1.00
angle, degree (10.0) 121003 (0.93-1.06) (0.94-1.06)
Knee flexion angle 0.99 1.00
at IC, degree 247@.0) 25068 (0.90-1.09) (0.91-1.10)
Peak knee flexion 0.98 0.98
angle, degree 550004 57.0 (9:0) (0.91-1.05) (0.91-1.05)
Kinetic variables
Peak knee
abduction 1.16 1.00 1.00
moment, Nm/ (0.62) 1.19(0.49) (1.00-1.00) (1.00-1.00)
kg
Peak knee flexion
2.79 1.00 1.00
kmg°me"t’ Nm/ aoq 2O 000000 (1.00-1.00)
Peak knee internal
rotation 0.39 0.15 0.16
R .2
moment, Nm/ (0.20) 0.47(0.24) (0.01-3.92) (0.01-4.87)
kg

ACL, anterior cruciate ligament; IC, initial contact; SD, standard deviation; OR,
odds ratio; CI, confidence interval.

@ Two uninjured legs were excluded from the analysis due to technical errors
during 3D motion capture data collection.

" Adjusted with previous ACL injury in either leg.

3.3. Biomechanical parameters during 90-degree cutting task in legs with
and without a history of ACL injury

No significant differences were seen between previously injured and
non-injured legs in kinematic or kinetic variables measured from the 90-
degree cutting test (Table 3).

Table 3

Comparison of baseline biomechanical test results between two groups: the
previous injury group (legs with history of ACL injury at baseline) and the no
previous injury group (legs with no history of previous ACL injury at baseline)
using an independent samples t-test.

Previous No Previous Injury (n
Injury =121)
n=7)
Mean (SD) Mean (SD) P-
value
Kinematic variables
Knee valgus angle at IC, degree 5.1 (12.4) 6.4 (7.0) 0.79
Peak knee valgus angle, degree 11.9(17.1) 12.2 (9.8) 0.97
Knee flexion angle at IC, degree 22.3 (8.8) 25.1 (6.7) 0.29
Peak knee flexion angle, degree 55.8 (11.9) 56.9 (8.8) 0.76
Kinetic variables
Peak knee abduction moment, 1.01 (0.40) 1.20 (0.51) 0.33
Nm/kg
Peak knee flexion moment, 2.55 (0.79) 2.85 (0.57) 0.17
Nm/kg
Peak knee internal rotation 0.44 (0.21) 0.47 (0.24) 0.72

moment, Nm/kg

IC, initial contact; SD, standard deviation; OR, odds ratio; CI, confidence
interval.
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4. Discussion

The primary aim of this study was to investigate whether biome-
chanical variables measured during sport-specific 90-degree cutting task
were associated with future noncontact ACL injuries in female floorball
players. Our results showed that none of the seven suggested risk factors
for ACL injury (knee valgus angle at IC, peak knee valgus angle, knee
flexion angle at IC, peak knee flexion angle, peak KAM, peak knee
flexion moment, and peak knee internal rotation moment) were asso-
ciated with future noncontact ACL injury. Our secondary aim was to
compare test outcomes between players with and without a history of
ACL injury at the baseline. We found slightly lower KAMs in those with a
history of ACL injury, although this difference was not statistically
significant.

4.1. Novelty of current study

Our study was the first study to investigate associations between
knee biomechanics during a floorball-specific 90-degree pressing and
cutting task and noncontact ACL injury in female players. The novel
sport-specific cutting test used in this study was designed to replicate the
typical high-press situation commonly seen in floorball, where a
defensive player runs towards the opponent's ball-carrier, applying
pressure to limit their time and options, force errors, and potentially win
the ball back. During these pressing actions, the defensive player per-
forms sudden cuts in response to the ball-carrier's actions. Development
and evaluation of sport-specific screening tests is crucial as the majority
of ACL injuries occur during noncontact cutting and landing movements
(Koga et al., 2010; Koga et al., 2011; Krosshaug et al., 2007; Lucarno
et al., 2021; Olsen et al., 2004; Pasanen et al., 2018), and biomechanics
and mechanical loads are key factors in injury occurrence (Koga et al.,
2010; Koga et al., 2011; Krosshaug et al., 2007).

Most previous prospective ACL injury risk factor studies have used
double-leg drop-jump tests as screening tools (Hewett et al., 2005,
Krosshaug et al., 2016; Leppanen et al., 2017a, 2017b; Padua et al.,
2015; Smith et al., 2012a, 2012b). However, ACL injuries commonly
occur during more complex landing and cutting movements, where the
load is mainly placed on one leg at the time of injury (Koga et al., 2010;
Koga et al., 2011; Krosshaug et al., 2007; Lucarno et al., 2021; Olsen
et al., 2004). Research has also shown that knee loading is significantly
greater during game-like cutting movements compared to controlled
drop-jump landings (Kristianslund and Krosshaug, 2013). As a result,
simple double-leg drop-jumps may not provide reliable insights into ACL
injury risk in pivoting sports. Screening tests should focus on movements
that closely resemble game situations, during which noncontact ACL
injuries may occur. To date, only three previous prospective cohort
studies have investigated the kinematics and kinetics of sport-specific
cutting tasks and their association with ACL injury risk. These previ-
ously evaluated movement tasks included a 180-degree pivot turn
(Leppanen et al., 2021) and side-step cut (Mausehund and Krosshaug,
2024; Zebis et al., 2022). Our study was the fourth prospective cohort
study evaluating the link between cutting kinematics and kinetics and
ACL injury risk in female athletes.

4.2. Cutting biomechanics

When comparing our 90-degree cutting test to previously evaluated
cutting tasks, we observed slight differences in the biomechanics in the
frontal and sagittal planes, but no differences in transverse plane. The
peak knee valgus angle obtained in our study (Table 2) was considerably
lower than Leppanen et al. (2021) found using the 180-degree pivot
turn. In our study, the peak knee valgus angles were 12.7° (new injury
group) and 12.1° (no new injury group), whereas during the 180-degree
turn, the valgus angles were 16.1° (new injury group) and 13.8° (no new
injury group). Additionally, the peak KAM magnitudes differed slightly
between our 90-degree cut and the 180-degree pivot turn (1.16 Nm/kg
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and 1.19 Nm/kg vs. 1.3 Nm/kg and 1.1 Nm/kg, respectively). Our re-
sults indicate that a wider 90-degree cutting angle results in lower knee
loading compared to 180-degree turns, and this is consistent with pre-
vious research showing that sharper cutting angles increase knee
loading by increasing KAM (Schreurs et al., 2017).

Additionally, peak knee flexion angles in our study (new injury
group: 55.0°; and no new injury group: 57.9°) slightly differed from
those during the 180-degree pivot turn (63.3° and 62.6°), indicating that
players in our study performed the 90-degree cut with slightly straighter
knees compared to those performing the 180-degree pivot turn. We also
observed higher peak flexion moments in this current study (2.79 Nm/
kg and 2.84 Nm/kg) compared to Leppanen et al. (2021) (2.1 Nm/kg
and 2.3 Nm/kg). During a sport-specific side-cut in female handball
players, Zebis et al. (2022) found even greater knee flexion moments in
both groups (3.1 Nm/kg and 3.1 Nm/kg). A previous study by Schreurs
et al. (2017) showed that sharper cutting angles result in lower knee
flexion moments, supporting these findings from our 90-degree cut,
Zebis et al.'s (2022) side-step cutting, and Leppanen et al.'s (2021) 180-
degree pivot turn. Furthermore, cutting speed affects knee biome-
chanics, including knee flexion angles and moments (Dai et al., 2019);
however, we did not measure cutting speed in our study.

We also compared test outcomes between players with and without a
history of ACL injury. We found slightly lower KAM in those with a
history of ACL injury (Table 3), although this difference was not statis-
tically significant. This finding is consistent with a recent study on
handball players (Mausehund and Krosshaug, 2024), which showed that
female players with a history of ACL injury exhibited lower knee
abduction loading during cutting movements. This may be due to
rehabilitation training after their previous ACL injury, or it could indi-
cate that they did not perform the test with full effort due to their injury
history.

4.3. Cutting biomechanics and ACL injury risk

In the current study, we observed no differences in the baseline
cutting biomechanics between those who sustained a new ACL injury
during the 2.5-year follow-up and those who remained injury free. This
suggests that ACL injuries cannot be predicted solely by cutting tech-
nique but rather by an interaction of multiple factors. The etiology of
ACL injuries is multifactorial, with various factors contributing to the
risk of non-contact injury (Hewett et al., 2006; Smith et al., 2012a,
2012b), including biomechanics and mechanical loads (Koga et al.,
2010; Koga et al., 2011; Krosshaug et al., 2007). Other factors could
include a smaller cross-sectional area and reduced strength of the ACL
(Stijak et al., 2014), variations in the tibial plateau and tibial slope
(Hashemi et al., 2010), static knee valgus misalignment (Kamatsuki
et al., 2025), or an overuse state with lower load tolerance due to
excessive game and training volume (McClean et al., 2024). Addition-
ally, external factors such as surface friction (Olsen et al., 2003) may
increase the load during what would typically be considered “safe cut-
ting biomechanics.”

4.4. Limitations

The main limitation of our study was the small sample size and low
number of ACL injuries. This study was part of a larger cohort study
investigating risk factors for lower limb injuries in female and male team
sport athletes, with power estimations were made for the larger study
rather than this current analysis. Although our results may have been
affected by low statistical power, it is likely that factors with strong
associations would have been detected. In addition, other risk factor
studies with low number of ACL injuries have been published (Hewett
etal., 2005; Leppanen et al., 2021; Uhorchak et al., 2003; Vauhnik et al.,
2008; Zebis et al., 2022). Investigating biomechanical ACL injury risk
factors is highly resource-demanding and time-consuming, making it
unlikely that any single study will capture the entire picture. Thus, it is
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essential to publish findings from smaller biomechanical studies, even
with their limited power, as they enhance our knowledge of ACL injuries
and can be utilized in future pooled analyses.

It is also possible that true differences in biomechanics among these
players were not captured due to inaccuracies in the measurement
methods. While 3D motion analysis is considered the gold standard, it
can still be subject to errors, often originating from differences in marker
placement (Mok et al., 2015) and skin artifacts (Leardini et al., 2005;
Miranda et al., 2013; Stagni et al., 2005). In 3D analysis, measuring
valgus angles is generally more accurate than assessing knee rotations,
however, both measurements can be affected by soft tissue artifacts.
Joint moments, on the other hand are known to be more accurate, and
reliable (Mok et al., 2018), due to the high accuracy of force plates,
which is the main determinant for these calculations. However, joint
kinetics is also dependent on joint center estimation, which is dependent
on accurate marker placement. To minimize marker placement errors,
we used the same physiotherapist, trained to position the markers
consistently according to our protocol.

Another limitation is the time frame used in the analyses. ACL in-
juries typically occur approximately 40 ms after IC (Koga et al., 2010),
which is also when peak KAM tends to occur (Kristianslund et al., 2014).
In our study, we analyzed peak values during the contact phase up to the
point where the unfiltered GRF exceeded 20 N. The results might differ
slightly if the peak values had been measured within the first 100 ms
after IC. However, based on the observed mean and median time points
for peak values in both the new injury and no new injury groups, this is
unlikely to have significantly influenced the findings. We also observed
late peak KAMs in both groups (Supplementary file: Figs. S1-S5), which
supports the validity of the current analysis.

In addition, our novel sport-specific cutting task had some weak-
nesses. If the task is not sufficiently challenging, it may not reveal the
true risky movement patterns that players would demonstrate during
actual gameplay. Some study participants struggled with approach
speed, which could have prevented them from executing the task with
full effort. Players were instructed to complete the trials at full game-like
speed, but it seemed to us that some of them still did not run with full
effort. Others had difficulty with performing a sharp cutting task as
intended, resulting in a lack of clear deceleration and cutting, as they
simply ran through the test. Therefore, the 90-degree cutting task
developed for this study may not accurately capture the relevant aspects
of actual risk situations in a game. Finally, players' cutting technique
was assessed only once prior to the 2.5-year follow-up. Over such a long
period, especially among youth players, their movement techniques and
biomechanics may change.

Due to these limitations, future studies on risk factors for noncontact
ACL injuries should aim to recruit a larger number of players, with
extended follow-up, and closely monitor their cutting biomechanics at
multiple time points. Furthermore, assessing players' biomechanics
through a variety of sport-specific cutting tests would be beneficial.
These tests should be performed with clear, full-effort cuts to closely
replicate the maneuvers executed during actual game play.

4.5. Strengths

The key strengths of this study include its prospective study design, a
2.5-year follow-up period, complete injury data — with all participants
tested at the baseline completed the full follow-up — and inclusion of
only MRI and/or arthroscopy-confirmed ACL injuries in the analysis.
Furthermore, the use of 3D motion analysis with force platforms, despite
its limitations (mentioned above), further strengthens the study
(Klopfer-Kramer et al., 2020).

5. Conclusions

This is the first study to investigate knee biomechanics during a
sport-specific pressing and cutting task in female floorball players, and
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its association with future noncontact ACL injury. None of the biome-
chanical variables — knee valgus and flexion angles, and knee abduction,
flexion, and internal rotation moments — measured during the 90-degree
cutting test were associated with an increased risk of ACL injury.
Therefore, the 90-degree cutting test developed in this study cannot be
used as a screening tool for predicting ACL injuries in female floorball
players. However, this study provides novel insights into knee biome-
chanics during a sport-specific cutting maneuver, providing a deeper
understanding of the movement characteristics in female floorball
players. These findings offer valuable contributions to future research
exploring cutting biomechanics and ACL injury risk in cutting and piv-
oting sports.

CRediT authorship contribution statement

Kati Pasanen: Writing — original draft, Visualization, Supervision,
Resources, Project administration, Methodology, Investigation, Funding
acquisition, Data curation, Conceptualization. Jari Parkkari: Writing —
review & editing, Supervision, Resources, Project administration,
Funding acquisition. Sami Ayramé: Writing — review & editing, Soft-
ware, Formal analysis. Tommi Vasankari: Writing — review & editing,
Resources, Funding acquisition. Tron Krosshaug: Writing — review &
editing, Methodology, Conceptualization. Mari Leppanen: Writing —
review & editing, Methodology, Investigation, Formal analysis,
Conceptualization.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:

Kati Pasanen reports financial support was provided by Finnish
Ministry of Education and Culture. Jari Parkkari reports financial sup-
port was provided by Tampere University Hospital. If there are other
authors, they declare that they have no known competing financial in-
terests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The authors thank all players for their commitment and participation
in this study. They also acknowledge Teemu Ekola, Jussi Hietamo, Irja
Lahtinen, Osmo Reentilda, and Anu Raisanen for their contributions to
data collection; Teemu Vornanen for his efforts in data preparation; Kari
Tokola for statistical advice; Heidi Jarske for preparing the time
sequence figures; and John Liljelund (IFF) for providing background
information on the number of competitive female floorball players
internationally. This study was supported by grants from the Ministry of
Education and Culture, Finland, and the Competitive State Research
Financing of the Expert Responsibility area of Tampere University
Hospital (Grant 95047; Grant 9T046; Grant 9N053).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.clinbiomech.2025.106571.

References

Ardern, C.L., Taylor, N.F,, et al., 2014. Fifty-five per cent return to competitive sport
following anterior cruciate ligament reconstruction surgery: an updated systematic
review and meta-analysis including aspects of physical functioning and contextual
factors. Br. J. Sports Med. 48, 1543-1552.

Bahr, R., Holme, L., 2003. Risk factors for sports injuries—a methodological approach.
Br. J. Sports Med. 37, 384-392.

Bahr, R., Clarsen, B., Derman, W., et al., 2020. International Olympic Committee
consensus statement: methods for recording and reporting of epidemiological data
on injury and illness in sport 2020 (including STROBE extension for sport injury and
illness surveillance (STROBE-SIIS)). Br. J. Sports Med. 54, 372-389.


https://doi.org/10.1016/j.clinbiomech.2025.106571
https://doi.org/10.1016/j.clinbiomech.2025.106571
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0005
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0005
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0005
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0005
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0010
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0010
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0015
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0015
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0015
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0015

K. Pasanen et al.

Dai, B., Garrett, W.E., Gross, M.T., et al., 2019. The effect of performance demands on
lower extremity biomechanics during landing and cutting tasks. J. Sport Health Sci.
8, 228-234.

Gopinatth, V., Smith, M.V., Matava, M.J., Brophy, R.H., Knapik, D.M., 2024. Most
anterior cruciate ligament injuries in professional athletes occur without contact to
the injured knee: a systematic review of video analysis studies. J. Arthrosc. Relat.
Surg. https://doi.org/10.1016/j.arthro.2024.03.047.

Hashemi, H., Chandrashekar, N., Mansouri, H., et al., 2010. Shallow medial tibial plateau
and steep medial and lateral tibial slopes new risk factors for anterior cruciate
ligament injuries. Am. J. Sports Med. 38, 54-62.

Hewett, T.E., Myer, G.D., Ford, K.R., et al., 2005. Biomechanical measures of
neuromuscular control and valgus loading of the knee predict anterior cruciate
ligament injury risk in female athletes. A prospective study. Am. J. Sports Med. 33,
492-501.

Hewett, T.E., Myer, G.D., Ford, K.R., 2006. Anterior cruciate ligament injuries in female
athletes: part 1, mechanisms and risk factors. Am. J. Sports Med. 34, 299-311.
Kamatsuki, Y., Qvale, M.S., Steffen, K., Wangensteen, A., Krosshaug, T., 2025. Anatomic
risk factors for initial and secondary noncontact anterior cruciate ligament injury: a

prospective cohort study in 880 female elite handball and soccer players. Am. J.
Sports Med. 53, 123-131.

Klopfer-Kramer, 1., Andreas Brand, A., Hannes Wackerle, H., et al., 2020. Gait analysis —
available platforms for outcome assessment. Injury 51, 90-96.

Koga, H., Nakamae, A., Shima, Y., et al., 2010. Mechanisms for noncontact anterior
cruciate ligament injuries. Knee joint kinematics in 10 injury situations from female
team handball and basketball. Am. J. Sports Med. 38, 2218-2225.

Koga, H., Bahr, R., Myklebust, G., et al., 2011. Estimating anterior tibial translation from
model-based image-matching of a noncontact anterior cruciate ligament injury in
professional football: a case report. Clin. J. Sport Med. 21, 271-274.

Kristianslund, E., Krosshaug, T., 2013. Comparison of drop jumps and sport-specific
sidestep cutting: implications for anterior cruciate ligament injury risk screening.
Am. J. Sports Med. 41, 684-688.

Kristianslund, E., Faul, O., Bahr, R., et al., 2014. Sidestep cutting technique and knee
abduction loading: implications for ACL prevention exercises. Br. J. Sports Med. 48,
779-783.

Krosshaug, T., Nakamae, A., Boden, B.P., et al., 2007. Mechanisms of anterior cruciate
ligament injury in basketball. Video analysis of 39 cases. Am. J. Sports Med. 35,
359-367.

Krosshaug, T., Steffen, K., Kristianslund, E., et al., 2016. The vertical drop jump is a poor
screening test for ACL injuries in female elite soccer and handball players: a
prospective cohort study of 710 athletes. Am. J. Sports Med. 44, 874-883.

Larsen, E., Jensen, P.K., Jensen, P.R., 1999. Long-term outcome of knee and ankle
injuries in elite football. Scand. J. Med. Sci. Sports 9, 285-289.

Leardini, A., Chiari, L., Croce, U.D., et al., 2005. Human movement analysis using
stereophotogrammetry, part 3: soft tissue artifact assessment and compensation. Gait
Posture 21, 212-225.

Leppénen, M., Pasanen, K., Krosshaug, T., et al., 2017a. Sagittal plane hip, knee, and
ankle biomechanics and the risk of anterior cruciate ligament injury: a prospective
study. Orthop. J. Sports Med. 5 (12). https://doi.org/10.1177/2325967117745487.

Leppanen, M., Pasanen, K., Kujala, U.M., et al., 2017b. Stiff landings are associated with
increased ACL injury risk in young female basketball and floorball players. Am. J.
Sports Med. 45, 386-393.

Leppanen, M., Parkkari, J., Vasankari, T., et al., 2021. Change of direction technique in a
180-degree pivot turn and risk for non-contact knee injuries in youth basketball and
floorball players. Am. J. Sports Med. 49, 2651-2658.

Lohmander, L.S., Englund, P.M., Dahl, L.L., et al., 2007. The long-term consequence of
anterior cruciate ligament and meniscus injuries. Am. J. Sports Med. 35, 1756-1769.

Lucarno, S., Zago, M., Buckthorpe, M., et al., 2021. Systematic video analysis of anterior
cruciate ligament injuries in professional female soccer players. Am. J. Sports Med.
49, 1794-1802.

Mausehund, L., Krosshaug, T., 2024. Knee biomechanics during cutting Maneuvers and
secondary ACL injury risk: a prospective cohort study of knee biomechanics in 756
female elite handball and soccer players. Am. J. Sports Med. 52, 1209-1219.

McClean, Z., Pasanen, K., Lun, V., et al., 2024. A bio-psycho-social model for
understanding training load, fatigue, and musculoskeletal sport injury in university
athletes: a scoping review. J. Strength Cond. Res. 38, 1177-1188.

Miranda, D.L., Rainbow, M.J., Crisco, J.J., et al., 2013. Kinematic differences between
optical motion capture and biplanar videoradiography during a jump-cut maneuver.
J. Biomech. 46, 567-573.

Clinical Biomechanics 126 (2025) 106571

Mok, K.M., Kristianslund, E., Krosshaug, T., 2015. The effect of thigh marker placement
on knee valgus angles in vertical drop jumps and sidestep cutting. J. Appl. Biomech.
31, 269-274.

Mok, K.M., Bahr, R., Krosshaug, T., 2018. Reliability of lower limb biomechanics in two
sport-specific sidestep cutting tasks. Sports Biomech. 17, 157-167.

Myklebust, G., Holm, I., Maehlum, S., et al., 2003. Clinical, functional, and radiologic
outcome in team handball players 6 to 11 years after anterior cruciate ligament
injury. A follow up study. Am. J. Sports Med. 31, 981-989.

Olsen, O.E., Myklebust, G., Engebretsen, L., et al., 2003. Relationship between floor type
and risk of ACL injury in team handball. Scand. J. Med. Sci. Sports 13, 299-304.

Olsen, O.-E., Myklebust, G., Engebretsen, L., et al., 2004. Injury mechanisms for anterior
cruciate ligament injuries in team handball. A systematic video analysis. Am. J.
Sports Med. 32, 1002-1012.

Padua, D.A., DiStefano, L.J., Beutler, A.L, et al., 2015. The landing error scoring system
as a screening tool for an anterior cruciate ligament injury-prevention program in
elite-youth soccer athletes. J. Athl. Train. 50, 589-595.

Parkkari, J., Pasanen, K., Mattila, V., et al., 2008. The risk for a cruciate ligament injury
of the knee in adolescents and young adults: a population-based cohort study of 46
500 people with a 9 year follow-up. Br. J. Sports Med. 42, 422-426.

Pasanen, K., Parkkari, J., Kannus, P., et al., 2008. Injury risk in female floorball: a
prospective one-season follow-up. Scand. J. Med. Sci. Sports 18, 49-54.

Pasanen, K., Rossi, M.T., Parkkari, J., et al., 2015. Predictors of lower extremity injuries
in team sports (PROFITS-study): study protocol. BMJ Open Sport Exerc. Med. 1,
e€000076.

Pasanen, K., Hietamo, J., Vasankari, T., et al., 2018. Acute injuries in junior floorball
league players. Aust. J. Sci. Med. Sport 21, 268-273.

Paterno, M.V., Rauh, M.J., Schmitt, L.C., et al., 2014. Incidence of second ACL injuries 2
years after primary ACL reconstruction and return to sport. Am. J. Sports Med. 42,
1567-1573.

Roos, K.G., Wasserman, E.B., Dalton, S.L., et al., 2017. Epidemiology of 3825 injuries
sustained in six seasons of National Collegiate Athletic Association men’s and
women’s soccer (2009/2020 — 2014/2015). Br. J. Sports Med. 51, 1029-1034.

Schreurs, M.J., Benjaminse, A., Lemmink, K.A.P.M., 2017. Sharper angle, higher risk?
The effect of cutting angle on knee mechanics in invasion sport athletes. J. Biomech.
63, 144-150.

Smith, H.C., Johnson, R.J., Shultz, S.J., et al., 2012a. A prospective evaluation of the
landing error scoring system (LESS) as a screening tool for anterior cruciate ligament
injury risk. Am. J. Sports Med. 40 (3), 521-526.

Smith, H.C., Vacek, P., Johnson, R.J., et al., 2012b. Risk factors for anterior cruciate
ligament injury: a review of the literature - part 1: neuromuscular and anatomic risk.
Sports Health 4, 69-78.

Stagni, R., Fantozzi, S., Cappello, A., et al., 2005. Quantification of soft tissue artefact in
motion analysis by combining 3D fluoroscopy and stereophotogrammetry: a study
on two subjects. Clin. Biomech. 20, 320-329.

Stijak, L., Bumbasirevi¢, M., Kadija, M., et al., 2014. Morphometric parameters as risk
factors for anterior cruciate ligament injuries: a MRI case-control study. Vojnosanit.
Pregl. 71, 271-276.

Suter, L.G., Smith, S.R., Katz, J.N., et al., 2017. Projecting lifetime risk of symptomatic
jnee osteoarthritis and total knee replacement in individuals sustaining a complete
ACL tear in early adulthood. Arthritis Care Res. 69, 201-208.

Tranaeus, U., Gotesson, E., Werner, S., 2016. Injury profile in Swedish elite floorball: a
prospective cohort study of 12 teams. Sports Health. 8 (3), 224-229.

Uhorchak, J.M., Scoville, C.R., Williams, G.N., et al., 2003. Risk factors associated with
noncontact injury of the anterior cruciate ligament. Am. J. Sports Med. 31, 831-842.

Vauhnik, R., Morrissey, M.C., Rutherford, O.M., et al., 2008. Knee anterior laxity: a risk
factor for traumatic knee injury among sportswomen? Knee Surg. Sports Traumatol.
Arthrosc. 16, 823-833.

Whittaker, J., Woodhouse, L., Nettel-Aguirre, A., et al., 2015. Outcomes associated with
early post-traumatic osteoarthritis and other negative health consequences 3-10
years following knee joint injury in youth sport. Osteoarthr. Cartil. 23, 1122-1129.

Wiggins, A.J., Grandhi, R.K., Schneider, D.K., et al., 2016. Risk of secondary injury in
younger athletes after ACL reconstruction: a systematic review and meta-analysis.
Am. J. Sports Med. 44, 1861-1876.

Zebis, M.K., Aagaard, P., Andersen, L.L., et al., 2022. First-time anterior cruciate
ligament injury in adolescent female elite athletes: a prospective cohort study to
identify modifiable risk factors. Knee Surg. Sports Traumatol. Arthrosc. 30, 134-151.

Zuckerman, S.L., Wegner, A.M., Roos, K.G., et al., 2018. Injuries sustained in National
Collegiate Athletic Association men’s and women’s basketball, 2009/2010-2014/
2015. Br. J. Sports Med. 52, 261-268.


http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0020
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0020
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0020
https://doi.org/10.1016/j.arthro.2024.03.047
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0030
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0030
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0030
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0035
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0035
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0035
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0035
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0040
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0040
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0045
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0045
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0045
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0045
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0050
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0050
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0055
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0055
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0055
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0060
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0060
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0060
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0065
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0065
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0065
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0070
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0070
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0070
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0075
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0075
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0075
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0080
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0080
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0080
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0085
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0085
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0090
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0090
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0090
https://doi.org/10.1177/2325967117745487
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0100
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0100
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0100
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0105
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0105
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0105
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0110
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0110
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0115
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0115
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0115
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0120
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0120
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0120
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0125
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0125
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0125
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0130
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0130
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0130
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0135
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0135
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0135
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0140
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0140
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0145
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0145
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0145
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0150
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0150
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0155
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0155
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0155
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0160
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0160
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0160
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0165
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0165
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0165
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0170
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0170
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0175
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0175
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0175
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0180
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0180
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0185
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0185
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0185
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0190
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0190
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0190
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0195
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0195
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0195
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0200
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0200
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0200
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0205
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0205
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0205
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0210
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0210
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0210
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0215
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0215
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0215
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0220
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0220
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0220
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0225
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0225
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0230
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0230
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0235
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0235
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0235
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0240
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0240
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0240
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0245
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0245
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0245
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0250
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0250
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0250
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0255
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0255
http://refhub.elsevier.com/S0268-0033(25)00144-5/rf0255

	No association between knee biomechanics during 90-degree cutting maneuver and future anterior cruciate ligament injury in  ...
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Cutting test
	2.3 Injury registration
	2.4 Statistical analysis

	3 Results
	3.1 Player and injury characteristics
	3.2 Association between knee biomechanics and ACL injury risk
	3.3 Biomechanical parameters during 90-degree cutting task in legs with and without a history of ACL injury

	4 Discussion
	4.1 Novelty of current study
	4.2 Cutting biomechanics
	4.3 Cutting biomechanics and ACL injury risk
	4.4 Limitations
	4.5 Strengths

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


