Alhammad A. et al.

International Journal of Physical Therapy Research & Practice 2024;3(7):294-306

PHYSICAL THERAPY RESEARCH & PRACTICE

INTERNATIONAL JOURNAL OF

B o
INKKWELL |
AN OFFICIAL JOURNAL OF SAUDI PHYSICAL THERAPY ASSOCIATION

Article info

Original Article

Biomechanical Demand during 90° and 135° Cutting
Manoeuvres: Implications for Anterior Cruciate
Ligament Injury

Ayman Alhammad', Lee Herrington?, Paul Jones?, Omar W Althomali¥,
Richard Jones?

" Department of Physiotherapy, College of Medical Rehabilitation Sciences, Taibah
University, Almadinah Almunawarah, Saudi Arabia.

2 Human Movement and Rehabilitation, School of Health and Society, University of
Salford, Salford, UK.

3 Department of Physiotherapy, College of Applied Medical Sciences, University of Ha'il,
Ha'il, Saudi Arabia.

*Corresponding Authors: o.althomali@uoh.edu.sa

Abstract

Received Jul30, 2024
Accepted Aug 12, 2024
Published : Aug 30, 2024

To Cite: Alhammad, A., Herrington,
L., Jones, P., W. Althomali, O., &
Jones, R. Biomechanical Demand
during 90° and 135° Cutting
Manoeuvres: Implications for
Anterior Cruciate Ligament Injury.
International Journal of Physical
Therapy Research &Amp; Practice,
3(7), 294-306.
https://doi.org/10.62464/ijoprp.v3i7.
43.

Copyright: © 2024 by the authors.
Licensee Inkwell Infinite Publication,
Sharjah Medical City, Sharjah, UAE.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).

Background: Anterior cruciate ligament (ACL) injuries in athletes have financial and health
consequences and are considered career-threatening. The current study aimed to shed light on
biomechanical differences between various change of direction (COD) manoeuvres.
Understanding such differences is important, given their association with the incidence of non-
contact ACL injuries. Methods: Thirty-six male recreational soccer players participated and
performed 90° and 135° COD manoeuvres. For gait analysis, the Vicon system was used. The
speed and shoe-surface interface were standardized in the COD manoeuvres. Paired sample t-
tests were used to compare conditions. Results: A Greater peak external knee abduction
moment (PEKAM) (p<0.001) and knee abduction angle atinitial contact (IC) (p<0.001) in the 135°
COD manoeuvre compared to the 90° COD manoeuvre were observed, highlighting the
increased injury risk potential at greater COD angles. In addition, the hip sagittal plane range of
motion (RoM) from IC to peak knee valgus angle was higher in the 135° COD manoeuvre than
90° COD manoeuvre (p<0.001). Conclusion: The results of the current study support the idea
that ACL biomechanical risk factors are angle-dependent. A sharper cutting angle showed a
higher risk of ACL injury due to the increase in the PEKAM and the knee abduction angle at initial
contact. Therefore, players should be trained to reduce high PEKAM and the knee abduction
angle by using different strategies.

Keywords: Abduction moment, Screening, Side-step, Kinematics, Kinetics, Cutting.

Introduction

A considerable portion of ACL injuries (70-89%) are
non-contactinjuries (Benis et al., 2018; Johnston et
al., 2018; Montgomery et al., 2018). Interestingly,
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60-70% of non-contact injuries occur while
performing COD manoeuvres (Johnston et al.,
2018; Montgomery et al., 2018). The effect of such
injuries can be devastating for the player and the
team due to the significant time away from the sport
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and the risk of significant comorbidities. Therefore,
prevention of these injuries is paramount. In 2014,
a study (systematic review and meta-analysis)
highlighted that only 65% of non-professional
athletes resumed to pre-injury levels and that
nearly half (55%) returned to practice competitive
sport after ACL injury (Ardern et al.,, 2014).
Moreover, ACL injuries have been linked to
developing knee osteoarthritis, with 80% of those
affected showing signs of knee osteoarthritis within
5-15 years after the injury, especially if it was
combined with meniscus injury (Neuman et al.,
2008). ACL injuries have long- and short- term
consequences (health, psychological and financial)
and can be career threatening (Cumps et al., 2008;
T. Hewett & Bates, 2017; Lohmander et al., 2007).
Therefore, being able to identify those prone to ACL
injuries can be considered a first step toward
reducing the risk of such injuries (Fox etal., 2017;T.
Hewett & Bates, 2017).

Change of direction (COD) manoeuvres is a critical
component of many sport activities (Baptista et al.,
2018; Bloomfield et al., 2007; Robinson et al.,
2011). Previous studies showed that COD
manoeuvres between 30 and 180° are associated
with non-contact anterior cruciate ligament (ACL)
injuries (Montgomery et al., 2018; Waldén et al.,
2015). Performing COD manoeuvres requires
deceleration before positioning the body to
negotiate the directional change and then
acceleration (Hase & Stein, 1999). Deceleration
followed by acceleration with a rapid change in
direction leads to lower limb (e.g., initial knee
valgus and reduced knee flexion) and trunk
postures (e.g., lateral trunk lean) changes that
evoke large knee valgus moments, which pose a
risk of non-contact ACL rupture (Grassi et al., 2017;
Montgomery et al., 2018; Waldén et al., 2015).

To be able to prevent ACL injuries, an understanding
of high-risk maneuvers from a mechanical
perspective is important. Several studies have
focused on the risk of ACL injuries at less sharp
COD angles (i.e. 45°), although greater angles are
likely to pose a greater risk of injury (Havens &
Sigward, 2015a; Schreurs et al., 2017). Studies that
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compared ACL injuries at higher cutting angles (30°
vs. 60° (Besier et al., 2001; Cochrane et al., 2010),
45° vs.110°(Sigward et al.,, 2015), 45° vs. 90°
(Havens & Sigward, 2015a; Imwalle et al., 2009) and
45° vs. 180° (Cortes et al.,, 2011)) during COD
manoeuvres have shown a higher risk (increase
external knee abduction moment or knee internal
rotation or knee valgus angle) of ACL injury at higher
cutting angles. In another study that compared
knee kinetics and kinematics data among athletes
performing COD maneuvers at different angles
(180°, 135°, 90° and 45°), the authors revealed a
decrease in knee flexion angle at greater cutting
angles (Schreurs et al.,, 2017). The latter is
problematic, as the anterior tibial translation (ACL
load) increases with an extended knee (Yu et al.,
2006), which could lead to a higher risk of ACL
injury (Markolf et al., 1995). The study also found
that a higher valgus moment at greater angles
increased the ACL load. Such studies help to
improve current understanding of biomechanical
risk factors in different COD manoeuvres. However,
studies are needed to shed light on the role of hip
joint mechanics in COD manoeuvres.

In a study on university athletes that compared
three COD tasks (45°, 90° and 180°) (Dos’Santos et
al., 2021), among the three angles, the riskiest COD
angle was 90° due to higher knee abduction and
internal rotation moments, which contradict the
findings of an earlier study (Schreurs et al., 2017).
However, the study did not investigate the hip
frontal plane moment under the three conditions.
Such outcomes (hip flexion, abduction and internal
rotation internal) are important, as previous studies
found a correlation between these and knee frontal
plane angle and moment (Havens & Sigward,
2015b; MclLean et al., 2005; Sigward & Powers,
2006). Controlling the frontal and transverse planes
of motion of the hip is important because these are
linked to the knee valgus angle. Hip rotation may
place a strain on the ligament working to controlthe
knee and may be a predictor of knee valgus (Paterno
et al.,, 2010). Landing with hip adduction and
internal rotation has been found to be a risk factor
for knee valgus (T. E. Hewett, Myer, Ford, Heidt,
Colosimo, McLean, Van Den Bogert, et al., 2005). In
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addition, lower hip flexion angle while landing was
found to be a predictor for ACL injury, and
increasing knee and hip flexion was proposed to be
a successful strategy in reducing the risk of ACL
injury by reducing the ground reaction force (GRF)
and external knee flexion moment (Leppanen et al.,
2017).

Interestingly, velocity and angle are considered
important factors affecting the biomechanics of
COD and therefore the loading in the knee and
technical execution of COD (Dos’Santos et al.,
2018). The aforementioned studies on COD
manoeuvres focused on a discrete point, such as
peak value, which may lead to the omission of
important information. Including the hip joint and
analysing the data over multiple time points rather
than the peak point could provide a better
understanding of the manoeuvres performed and
explain the cause of variation between existing
studies. It could be that these differences lie before
peaks or after. Understanding the implications of
changing the angle on COD biomechanics is critical
for researchers and practitioners. Therefore, the
current study aimed to compare knee and hip
biomechanical variables while performing 90° and
135° COD manoeuvres over multiple time points.
We hypothesised that COD at greater angles would
lead to increased knee joint loads.

Methods

This was a cross-sectional study and was approved
by Salford University (ethical approval number:
HSCR16-88).

Participants

To be enrolled in the study, participants had to meet
the following criteria: aged between 18 and 35 years
and a healthy recreational soccer player, defined as
participating in soccer three times a week for a
duration of 30 minutes on a regular basis in the last
6 months. In addition, all participants had to have
regularly performed COD maneuvers in their sport
and had to be free of lower limb injuries during the
last 6 months. Injury was considered as any
musculoskeletal injury or complaint that prevented
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the subject from participating in their regular
exercise routine. The procedure of the study was
explained to each participant before completing a
consent form. Data on demographic
characteristics and past medical history were then
collected.

2.2 3D gait analysis

The Vicon system (Vicon-Bonita cameras, U.K.) with
10 cameras sampling at 250 Hz were used in the
current study, which were synchronized with two
force platforms (Kistler force plate Type 9286AA,
Winterthur, Switzerland) sampling at 1,000 Hz.
Motion and force data were acquired using version
2.6.1 of the Nexus program.

Before the participants arrived, the laboratory was
checked, prepared and calibrated. The subjects
wore shorts during the data collection to allow the
placement of the markers on the skin. The
Calibrated Anatomical System Technique (CAST)
(Collins et al., 2009) was used, and the markers
were placed on the posterior superior iliac spine,
anterior superioriliac spine, greater tuberosity, iliac
crest, medial and lateral condyle, medial and
lateral malleolus, heel and first, second and fifth
metatarsal head. All the subjects were provided
with shoes of the same design to wear during the
data collection to control for the shoe-surface
interface. In addition, four casts with four markers
in each one were placed in the anterior lateral
direction of each shank and each thigh. After
placing the markers and the casts on each subject,
a static trial was undertaken to approximate the
position of the casts to anatomical markers.
Following this, some markers (iliac crest, greater
tuberosity, medial and lateral condyle and medial
and lateral malleolus) were removed prior to
dynamic trials to allow better task performance.

Task performance

In each task, the participants were asked to run 5
meters (through timing cells at the start) towards
the force platforms, where they performed a COD
(90° or 135°) maneuver, planting the required limb
on the force platform, before then sprinting 3
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meters (through a second set of timing cells cutting
toward the other leg) to complete the task. To do
this, several cones were used to guide the
participants and to ensure that all the participants
performed the COD at the same angle. Before
conducting the trials, each participant was given
timeto practice. The average speed to complete the
8-meter course was measured using a timing
system (Brower Gate, TCI, USA). To successfully
complete a trial, the participants needed to
completethetrialin 4.2 +0.5 m/s. The current study
speed was selected in approximately the middle of
the speed range of the previous studies to allow
comparison. Five successful trials were collected
and defined as complete foot placement on the
force plate, with no part of the foot on the edge of
the force plate and achieving the required speed. A
30-second rest was given between each trial and
the next one to reduce the fatigue effect on the
participants. Data were collected from the
preferred and non-preferred footin a random order.
The preferred foot was defined by asking the
participants which foot they preferred to perform
the maneuver and monitoringthem in practice trials
before the start of the trials.

Data processing

The markers were labelled using the Nexus program
(version 2.6.1) in each trial and then exported as a
Visual 3D file for further processing. Using the
Visual 3D tool, a 6-degree freedom model was built,
and the participant’s dimorphemic characteristics
(height and mass) were entered into the model. All
kinetic data were normalized by mass. Kinematic
data were interpolated and filled as a maximum as
10 frames. Force data were smoothed with a
Butterworth low-pass filter, with a cut-off frequency
of 25 Hz, and marker data were smoothed witha 12
Hz cut-off frequency (Roewer et al., 2012; Winter,
2009). The events were created as follows: initial
contact (IC), followed by toe off. IC was made when
the vertical GRF (VGRF) data ascended past 10 N.
Toe off was defined when the VGRF descended past
10 N. The data were time normalized on 100% on
the contact phase (stance phase). Other events
were created as follows: peak VGRF (PVGRF), first
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60 milliseconds of stance, peak external knee
abduction moment (PEKAM) and peak knee valgus
angle (PKVA).

The knee frontal plane angle and sagittal plane
angle were analyzed as the following: peak angles
(flexion, abduction) at initial contact and during the
stance phase. Furthermore, Knee frontal and
sagittal planes ROM was computed by subtracting
the maximum from the minimum during the stance
phase. The peaks of VGRF and EKAM during the
stance phase were exported. Hip peak flexions,
adduction, and internal rotation angles were
extracted in five points: IC, PEKAM, PVGRF, PKVA,
60ms and PKFA. The hip frontal, sagittal and
transverse planes ROM was calculated at five
phases, IC to PEKAM, IC to PKVA, IC to PVGRF, IC to
60 milliseconds and IC to PKFA. These phases were
selected because non-contact ACL injury can occur
in the first 50% of the stance phase during the
performance COD maneuvers were these phases
located (T. E. Hewett, Myer, Ford, Heidt, Colosimo,
MclLean, van den Bogert, et al., 2005; Malinzak et
al., 2001; McLean et al., 2005; Sigward & Powers,
2006; Yu et al., 2006). Moreover, there is insufficient
evidence regarding the role of hip sagittal, frontal
and transverse planes on the frontal plane knee
variables (moment and angle). Our analysis which
is not presented in the current study revealed no
difference between the preferred leg and the non-
preferred therefore the preferred leg was selected.

Statistical analysis

The data were exported from Visual 3D into an Excel
spreadsheet and then entered into the Statistical
Package for Social Sciences software (SPSS),
version 21. Data normality was investigated using
the Shapiro-Wilktest and visually by histograms. All
variables were normally distributed, and therefore a
paired sample t-testwas used to compare the same
variable between two tasks, as the same
participant performed both tasks (Edwards et al.,
2012). To reduce type one error, Holm’s
correction’s method, a = (0.05/[number of
comparisons - rank + 1]) was used. Standard
deviation and mean were computed and presented
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for the five trials with the effect size using Cohen’s
d method (Thomas, Silverman, S. J., & Nelson,
2015). The interpretation of the effect size was as
follows: small (0.2), moderate (0.5) and large (0.8)
(Cohen, 1988).

Results

Thirty-six male recreational healthy soccer players
participated in the study, with a mean age of 24.25
+6.21 years, height of 1.72 £0.06 meters, mass of
66.41+10.83 kg and body mass index of 19.28 kg/m?
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(2.89). The results revealed some statistical
differences between the 90° and 135° maneuvers.
PEKAM and knee valgus angle at IC were
significantly higher in the 135° COD maneuver
compared to the 90°COD maneuver (Table 2 and
Fig. 2). In addition, hip flexion ROM from IC to PKFA
showed a similar statistically significant trend,
where the 135°COD had a higher value than the 90°
COD maneuver (Table 1 and Fig. 3). Other
outcomes did not show any significant difference
between the two tasks (Tables 1, 2 and Figs. 1, 2, 3).

Table 1: Hipjointangle and ROM in frontal, sagittal and transverse planes in the 90° COD and 135° COD

maneuvers.
Outcome 135° 90° Adjusted Original P- Effect
Mean+SD Mean+SD P-value value size
Sagittal plane angle (°) + Flexion
Peak atIC 37.1+8.2 39.7+x7.4 0.001 0.005 0.50
Peak at PEKAM 39.5+8.6 41.4%=7.4 0.002 0.04 0.37
Peak at PVGRF 39.7+8.5 42.3+7.6 0.001 0.008 0.47
Peak at PKVA 42.8+10.2 44.3+8.7 0.003 0.20 0.22
Peak at 60 ms 43.7+10.3 46.1% 8.4 0.002 0.04 0.35
Peak at PKFA 49.6 = 12.5 47.7 9.4 0.003 0.19 0.22
Sagittal plane RoM (°)
From IC to PEKAM 24%25 1.8+ 1.8 0.002 0.06 0.22
From IC to PVGRF 26+23 26%24 0.017 0.86 0.02
From IC to PKVA 57+5.7 4745 0.005 0.43 0.09
From IC to 60 ms 6.6+ 4.9 6.4+4.4 0.008 0.71 0.06
From IC to PKFA 12.6+7.3 8.1%£5.4 0.001 0.000* 0.81
Frontal plane angle (°) + Adduction
PeakatIC -21.9+ 7.6 -20.5 * 6.61 0.002 0.04 0.35
Peak at PEKAM -20.8+ 7.8 -19.4 + 6.61 0.002 0.06 0.32
Peak at PVGRF -20.8+ 7.8 -19.2 £ 6.61 0.002 0.03 0.37
Peak at PKVA -19.6 = 8.2 -18 = 6.83 0.002 0.05 0.34
Peak at 60 ms -20.2+ 7.9 -18.1+6.89 0.001 0.005 0.50
Peak at PKFA -17+38 -15.9+ 6.98 0.002 0.14 0.25
Frontal plane RoM (°)
From IC to PEKAM 1.2%+1.4 1£1.1 0.007 0.69 0.05
From IC to PVGRF 1.16%£1.5 1.24%1.2 0.003 0.22 0.15
From IC to PKVA 2.3%+3.4 25%2.3 0.004 0.29 0.12
From IC to 60 ms 1.7+2.2 2.4%2 0.001 0.02 0.27
From IC to PKFA 4949 4.5%3.75 0.050 0.96 0.01
Transverse plane angle (°) + Internal rotation
Peak atIC 7.82+9.04 4.8+9.2 0.001 0.005 0.50
Peak at PEKAM 0.1£8.7 -0.7%9 0.006 0.45 0.13
Peak at PVGRF -0.2£8.7 1.4%=9 0.004 0.25 0.19
Peak at PKVA -6.7 %11 -6.8+10.7 0.025 0.95 0.01
Peak at 60 ms -2.3+94 -4.2 £9 0.002 0.11 0.27
298
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Peak at PKFA -10£9.2 -11+9.6 0.004 0.30 0.18
Transverse plane RoM (°)
From IC to PEKAM -7.7%86.3 -5.5% 4.2 0.001 0.03 0.26
From IC to PVGRF -8+6.4 -6.3+4.5 0.002 0.05 0.23
From IC to PKVA -146+7.8 11.7x7.2 0.002 0.05 0.34
From IC to 60 ms -10.1+ 6.4 9%55 0.003 0.36 0.14
From IC to PKFA -17.8+7.3 -15.9+6.4 0.002 0.08 0.21
*Significant

Table 2: Knee joint angle in sagittal and frontal planes and PVGRF and PEKAM in the 90° COD and 135° COD
maneuvers.

135° 90°
Outcome Adjusted P-value Original P-value Effect size
Mean = SD Mean = SD

Frontal plane angle (°) + Adduction

PeakatIC -0.48 £ 4.26 1.9+ 3.9 0.001 0.001 1.09
Peak during the stance phase -5.87 £5.78 -4.2%5 0.001 0.005 0.50
RoM during the stance phase -5.39 = 4.07 -6.1+ 3.8 0.003 0.20 0.22
Sagittal plane angle (°) + Flexion
Peak atIC 18.9+5 17.9+6.3 0.002 0.13 0.26
Peak during the stance phase 63.0* 8.8 61.6 = 8.1 0.005 0.32 0.17
RoM during the stance phase 44.2%=79 43.7+ 7.1 0.010 0.74 0.06
Kinetics
PVGRF (Body weight) 2.16%+0.35 | 2.15%+0.31 0.002 0.76 0.05
PEKAM (Nm/kg) 2.34+1.11 | 1.23+0.57 0.005 0.000* 1.04
* Significant
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Figure 1: VGRF in the 90° COD and 135° COD maneuvers.
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Figure 2: Knee sagittal and frontal plane motion and moment in the 90° COD and 135° COD maneuvers.
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Figure 3: Hip motion in the sagittal plane, transverse plane and frontal plane in the 90° COD and 135° COD
maneuvers.
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Discussion

The purpose of the current study was to investigate
biomechanical differences between 90° and 135°
COD manoeuvres, with a specific focus on ACL
injury biomechanical risk varibales. The data of the
current study suggest that there are some
biomechanical  differences between both
manoeuvres. The results showed significantly
higher values for PEKAM, knee valgus angle at IC
and hip sagittal plane RoM from IC in the 135° COD
manoeuvre as compared to the 90° COD
manoeuvre. Several researchers have explored
knee and hip biomechanical differences at different
angles (45° to 90° and 45° to 110°) in COD
manoeuvres (Sigward et al.,, 2015) and knee
biomechanical at 135° and 90° COD manoeuvres
(Schreurs et al., 2017). However, the present study
is unique, as it investigated knee and hip
biomechanical differences at different intervals
during the stance phase, something that has not
been studied previously. Interestingly, the PEKAM
in the 135° COD manoeuvre was nearly twice as
high as that in the 90° COD manoeuvre. There are
two potential explanations for the increase in the
PEKAM during the 135° manoeuvre. The first is the
significantincrease in knee valgus angle in the 135°
COD manoeuvre compared to the 90° COD
manoeuvre. The second is that the GRF passes
more laterally to the knee joint in 135° COD
manoeuvre compared to the 90° COD manoeuvre.
Several possible factors could have caused the
latter, such as shifting the centre of mass with the
trunk, lateral rotation of the knee or shifting the
centre of pressure more to the lateral side of the
foot. Our findings are similar to those of a previous
study, which reported a 2.4 times greater value for
the PEKAM in a 110° COD manoeuvre in
comparison to a 45° COD manoeuvre (Sigward et
al., 2015). The increase in the PEKAM is cause for
concern, as a greater PEKAM has been found to be
associated with anincreased risk of ACL injury (T. E.
Hewett, Myer, Ford, Heidt, Colosimo, MclLean, van
den Bogert, et al.,, 2005; Jones et al, 2015;
Kristianslund et al., 2014; Sigward et al., 2015) and
ACL strain (Markolf et al., 1990, 1995). The results
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of the current study are in agreement with those of
earlier studies, which found that sharper COD
angles were associated with higher PEKAMs
(Havens & Sigward, 2015b; Schreurs et al., 2017;
Sigward et al., 2015).

In the current study, the value of PEKAM was 2.34
Nm/kg while performing the COD at a 135° angle.
Although a direct comparison cannot be made
between studies due to different experimental set-
ups, this result is consistent with that of a previous
study, which reported a 2.5 Nm/kg in PEKAM while
performing a COD at a 105° angle (Marshall et al.,
2015). In the 90° COD manoeuver in the present
study, the average PEKAM was 1.23 Nm/kg, which s
consistent with that of a study by Jones, who
reported a value of 1.26 Nm/kg while performing a
COD ata 90° angle (Jones et al., 2015).

In contrast to the findings of the present study, a
study conducted in 2017 found a similar value for
PEKAM when comparing 45° to 90° and 135° to 180°
COD manoeuvres (Schreurs et al.,, 2017). The
discord in the findings may be explained by the use
of different approach speeds at the different
angles, which has been identified as a key factor
affecting biomechanical variables (Dos’Santos et
al.,, 2018). Standardization of the speed when
comparing different relative tasks is important.
Previous studies showed that increasing the speed
led to a change in kinetics and kinematics of the
lower limb (Nedergaard et al.,, 2014;
Vanrenterghem et al.,, 2012). The majority of
investigators have emphasized the importance of
standardized speed (Colby et al., 2000; Kadaba et
al., 1989; Pollard et al., 2004; Queen et al., 2006).

In terms of the knee valgus angle, higher values
were recorded during IC when performing the 135°
compared to the 90° COD manoeuvre. This raises a
concern, as higher valgus increases the risk of
developing ACL injuries (Grassi et al.,, 2017;
Johnston et al.,, 2018; Koga et al., 2010;
Montgomery et al., 2018; Waldén et al., 2015). A
similar finding was made in a previous study, with
the authors reporting a greater valgus angle during
COD maneuvers at sharper angles (Sigward et al.,
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2015). The current study demonstrated that the
value of the knee valgus angle during IC was -0.5°
(varus) during the 90° COD and 1.9° (valgus) during
the 135° COD. A study conducted in 2015 reported
a value of -1° for the valgus angle during a 90° COD
maneuver. Sex-related differences may explain the
difference in the findings. The current study
included only male athletes, whereas the study by
Jones included female soccer players (Jones et al.,
2015).

Previous studies revealed significant differences
between knee and hipinternalrotation angles when
comparing 45° COD manoeuvres to 90° COD
manoeuvres (Havens & Sigward, 2015b; Imwalle et
al., 2009). The current study detected no difference
in hip kinematic data, except an increase in hip
sagittal plan RoM in the COD at a 135° angle
compared to the COD at a 90° angle (from IC to
PKFA). This may indicate that performing shaper
COD manoeuvre increase in the sagittal plane RoM
to reduce knee loading. The hip transverse plane
RoM and external rotation recorded while
performing the COD maneuver suggest the
contribution of the joint to the rotation to the new
direction. During executing COD maneuver, the
participant contacted the ground with hip
abduction, followed by adduction to an abduction
position (Grassi et al., 2017; Johnston et al., 2018;
Koga et al., 2010; Montgomery et al., 2018; Waldén
etal., 2015).

Although, the current study helps to enhance our
knowledge of biomechanical differences between
two (90° and 135°) COD manoeuvres, the findings
should be interpreted with caution. The experiment
in the current study was conducted in a laboratory
setting, which may not represent real-life situations
where other variables may affect mechanics. In
addition, the current study compared only the
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preferred limb between tasks. Moreover, the
approach speed could not be calculated due to the
short capture volume. It is possible that the subject
adjusted their speed during foot contact, which
may have affected the result. Finally, the current
study included only male soccer players wearing
standardized shoes, which reduce the
generalizability of the data to elite players, females
or other shoe types.

Conclusions

We conclude that different COD angles involve
different knee or/and hip kinetics and kinematics.
The main finding of the current study is that a
sharper cutting angle (135°) poses a greater risk of
injury than a less sharp angle (90°), as
demonstrated by a higher PEKAM and initial contact
knee abduction angle in the 135° COD manoeuvre
compared to the 90° COD manoeuvre. These
variables should be targeted by coaches to reduce
the risk of injury when performing COD maneuvers.
Several methods can be used to reduce a high knee
external abduction moment and abduction angle.
These include controlling the trunk and hip frontal
plane movement and hip transverse plane rotation.
Intermittingly, the hip sagittal plane RoM from IC to
PKFA was higher during the performing sharper
cutting angle. This may indicate that the
participants increased their hip sagittal plane RoM
to reduce knee loading.
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