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Abstract

The first part of this study was a reliability study to compare inter-software, inter- and intra- tester measurements using intraclass correla-
tion coefficients (ICC,;). All, ICC,; values showed excellent scores thus supporting the utility of a two dimensional motion analysis
system using an open-source, free software. In the second part of this study, the effects of a 120-minute simulated match-play simulation
on knee and hip kinematic was investigated. Eighteen participants consented to this study and were required to complete a 120 minutes
of simulated soccer match-play. Knee and hip angles were measured at initial contact during 45° anticipated side-cutting tasks through-
out the simulation. A 2 x 7 SPANOVA was utilized. Both knee and hip extension angles were significantly altered over time. No signifi-
cant differences were observed between dominant and non-dominant sides. A more extended knee and hip landing posture suggested a
greater risk of ACL injury during match-play over time. Findings from this study suggest that the non-dominant limb is as likely to suffer
non-traumatic ACL injury as the dominant limb. Further interrogations of the biomechanical differences in the knees and hips across
limb dominance are warranted for more comprehensive understanding of the changes in multiplanar perspectives following fatigue in-

ducing exertions.
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1. Introduction

Anterior Cruciate Ligament (ACL) injuries in soccer athletes may
account for up to 32% of total injuries in a soccer match (Herrero,
Salinero, & Del Coso, 2014). Most cases of ACL injury in soccer
are observed to be non-traumatic in nature (Agel, Evans, Dick,
Putukian, & Marshall, 2007; Boden, Dean, Feagin, & Garrett,
2000; Brophy, Silvers, Gonzales, & Mandelbaum, 2010; Faung &
Wulff, 2006; Griffin, Agel, Albohm, Arendt, Dick, Garrett, Gar-
rick, Hewett, Huston, & Ireland, 2000; Waldén, Héagglund, Mag-
nusson, & Ekstrand, 2011), especially among male athletes
(Brophy et al., 2010). Epidemiological studies have highlighted
that the likelihood of non-traumatic ACL injury can get to at least
4 to 6 times greater in competitive matches compared to during
practice (Agel et al., 2007; Ekstrand, H&gglund, & Waldén, 2011)
suggesting that high intensity exertions may be a crucial factor in
increasing non-traumatic ACL injury incidence risk among play-
ers. Studies have thus investigated on the matter, attributing the
influence of fatigue to the alterations of various ACL markers of
injury risk (Cone, Berry, Goldfarb, Henson, Schmitz, Wideman, &
Shultz, 2012; Cortes, Greska, Kollock, Ambegaonkar, & Onate,
2013; Cortes, Quammen, Lucci, Greska, & Onate, 2012; Greig,
2008; Greig, 2009; Raja Azidin, Sankey, Drust, Robinson, &
Vanrenterghem, 2015; Sanna & O’connor, 2008; Shultz, Schmitz,
Cone, Copple, Montgomery, Pye, & Tritsch, 2013; Shultz,
Schmitz, Cone, Henson, Montgomery, Pye, & Tritsch, 2015;
Small, Mcnaughton, Greig, & Lovell, 2010)

In a biomechanical perspective, non-traumatic ACL injury risk is
perceived to be increased as a result from a combination of a
number of impaired structural alignment in the lower limbs
(Blackburn & Padua, 2008; Boden et al., 2000; Boden, Torg,
Knowles, & Hewett, 2009; Donnelly, Elliott, Ackland, Doyle,
Beiser, Finch, Cochrane, Dempsey, & Lloyd, 2012) during a dy-
namic, decelerating maneuvers (Alentorn-Geli, Myer, Silvers,
Samitier, Romero, Lé&zaro-Haro, & Cugat, 2009; Boden et al.,
2000; Dai, Herman, Liu, Garrett, & Yu, 2012; Silvers &
Mandelbaum, 2007). Specifically, most non-traumatic ACL inju-
ries are reported to occur at initial contact (IC) with an extended
knee (Boden et al., 2000), with the foot maintaining contact with
the ground (Waldén et al., 2011), a valgus collapse at knee with
the proximal tibia internally rotated while the distal femur exter-
nally rotated during a change of direction maneuver (Faung &
Wulff, 2006). These observed orientations are most commonly
present in a dynamic maneuver such as the side-cut as reported by
Cochrane, Lloyd, Buttfield, Seward, and Mcgivern (2007), Faung
and Wulff (2006) and Hawkins, Hulse, Wilkinson, Hodson, and
Gibson (2001). Other studies in existing literature have also pro-
posed that an extended hip or a more erect posture at IC would
increase shear forces acting on the ACL (Dai et al., 2012;
Hashemi, Breighner, Chandrashekar, Hardy, Chaudhari, Shultz,
Slauterbeck, & Beynnon, 2011; Quatman, Quatman-Yates, &
Hewett, 2010). Hence, in light of biomechanical understandings of
the ACL injury and existing epidemiological findings, research
has drawn much attention on the speculation that fatigue from
repeated high intensity exertions in soccer may have adverse in-
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fluences on the biomechanical markers of non-traumatic ACL
injury risk.

Studies addressing biomechanical alterations from soccer match-
play exertions replicated soccer-specific fatigue using various sets
of activities that mimic the activities in soccer such as walking,
jogging, running, striding and sprinting (Cone et al., 2012; Greig,
2009; Shan & Zhang, 2011; Shultz et al., 2013; Shultz et al., 2015)
with integration of multidirectional maneuvers such as side-
stepping and backpedaling (Cortes et al., 2012; Lucci, Cortes, Van
Lunen, Ringleb, & Onate, 2011; Quammen, Cortes, Van Lunen,
Lucci, Ringleb, & Onate, 2012; Raja Azidin et al., 2015) and
countermovement jumps (Bossuyt, Garcia-Pinillos, Raja Azidin,
Vanrenterghem, & Robinson, 2016). Some studies go into the
extent of studying the effects of a full soccer match exertion by
replicating the duration of a soccer match of 45 minutes (Raja
Azidin et al., 2015; Sankey, Raja Azidin, Bradburn, Taibo,
Cabeza-Ruiz, Robinson, & Vanrenterghem, 2015b) and 90
minutes (Cone et al., 2012; Greig, 2009; Shultz et al., 2013; Shultz
et al., 2015) to mimic a full soccer match duration and observed
that the ACL markers of injury risk are indeed altered adversely
overtime. A study by Raja Azidin et al. (2015) found that a more
erect landing posture and an extended knee can be observed fol-
lowing fatigue from soccer match-play exertion. However, current
existing literature have only attributed the biomechanical changes
to exertion on a full 90 minutes of exertion.

According to Fédération Internationale de Football Association
(FIFA) regulations, soccer matches are conventionally played over
90 minutes with a 15-minute passive half-time period interceding
two 45-minute halves. However, in decisive matches as knockout
stages of the FIFA World Cup or the Union of European Football
Associations (UEFA) Championship, an additional 30 minutes of
extra time (ET) is awarded when the teams are tied and a winner
has to be decided. Extra time is composed of two 15-minute
halves that is played after a 5-minute rest period following full
time of a soccer match. In the World Cup since 2006, a minimum
of 25% and up to 50% of all knockout round matches have been
extended into ET (www.FIFA.com). Although studies have exten-
sively investigated the changes occurring about the body from a
full 90-minute soccer match-play exertions, whether or not the
occurring changes may induce further adverse effects on the
markers of ACL injury risk is still unknown.

Unfortunately, information is relatively crude regarding the relia-
bility of side cutting data available with inconsistent analysis
methods (i.e. coefficients of multiple correlations (CMC), average
intra-class correlations coefficients (ICC), and coefficients of mul-
tiple determinations (R2) revealing varied components of reliabil-
ity through a number of unique quantification methods (Sankey,
Azidin, Robinson, Malfait, Deschamps, Verschueren, Staes, &
Vanrenterghem, 2015a). According to Weir (2005), in the sport
sciences, the test-retest reliability or otherwise understood as the
simple reliability study is most commonly of interest. Hence the
ICC is highlighted in this study with supporting data provided by
the standard error of measurement (SEM) and the smallest detect-
able difference (SDD). The test-retest reliability can be assessed
by using several models and forms, each model justified by the
objective of the study and methodological differences in the data
collection (Weir, 2005). Several literature reporting the reliability
and validity of the 2D motion analysis in injury risk assessment
procedures are readily available (Dingenen, Malfait,
Vanrenterghem, Robinson, Verschueren, & Staes, 2015b;
Dingenen, Malfait, Vanrenterghem, Verschueren, & Staes, 2014),
however these studies have only looked into the frontal plane mo-
tion analysis and utilized less dynamic tasks as compared to the
more challenging side cutting maneuvers.

This study aimed to investigate the consistency between the two
motion analysis systems in measuring the kinematics of the knee
and hip during side cutting tasks via criterion-based concurrent
validity and the reliability of parallel side-cutting analyses by
testing them inter-software, inter- and intra- tester. Also, this study
explored the reliability of the measurement of the sagittal planes

knee and hip extensions during side cutting maneuvers. For the
first time, this study investigated the effects of prolonged simulat-
ed soccer match-play on the knee and hip extensions during side
cutting tasks.

2. Methods

2.1 Participants

Eighteen (n = 18) recreationally active male athletes consented to
this study. Using the statistical software, G*Power (version
3.1.9.2, Universitat Kiel, Germany), it was calculated that to
achieve an estimated, moderate effect size f of 0.25, 80% statisti-
cal power with alpha set at 0.05, a minimum total sample size of
18 samples is required. Since this study is observing the preexist-
ing dominant and non-dominant limbs of each individual, each
participant represents a dominant and non-dominant category and
therefore this study can achieve significant statistical power with a
minimum of 9 participants for this study. All participants were
required to fulfill at least 1 training day per week with 1 to 2 train-
ing hours for every session. The mean (+ standard deviation) for
age, height and body mass of the participants were 23 + 4.6 years,
1.72 £ 0.07 m, and 70 + 10 kg respectively. All participants were
inquired for injury background and none had suffered ACL injury
and were injury-free for the preceding 6 months around the knee,
thigh and lower back region which may render their side cutting
tasks unsuccessful and void (i.e. ACL injury, thigh injury). This
criterion was crucial as any injury could interfere the participants’
performance of the utility movements during the soccer match
simulation. All participants wore tight fitting compression suits
and standardized indoor footwear. A written informed consent was
obtained from every participant and the study was conducted ac-
cording to the guidelines set by the university ethics committee.

2.2 Experimental Design

This study took form of a single group, repeated measures design.
Each participant attended to the laboratory on two separate occa-
sions (one familiarization session, and one testing session). The
familiarization session consisted of a pre-exercise screening pro-
cedure, side-cutting tasks and a 15-minute simulated soccer
match-play exertion. The testing session begins after a Fédération
Internationale de Football Association (FIFA) standard procedure
of 15-minute dynamic warm-up followed by a 10-minute passive
rest preceding the soccer match simulation. Participants completed
120 minutes of simulated soccer match-play with a 15-minute
passive half-time rest period interceding at the 45-minute mark
and another 5-minute rest period at the end of 90 minutes of simu-
lated soccer match-play. At the beginning of the soccer match
simulation (0 minutes), after the first half (45 minutes), immedi-
ately after half-time (60 minutes), at the end of the second half
(105 minutes), at the beginning of the first half of extra time (110
minutes) in between the extra time halves (125 minutes) and at the
soccer match simulation (140 minutes), participants’ knee and hip
kinematic markers of ACL injury risk were assessed with 5 trials
of side cutting tasks using the dominant limb and the non-
dominant limb. Limb dominance was determined by the partici-
pants’ preferred limb to be used when kicking a ball and this was
controlled for all participants.

Participants’ physiological responses were monitored using a
heart rate monitor (Polar Heart Rate System, Electro, Finland) and
the rate for perceived exertion (RPE, 20-point Borg Scale). During
rest intervals such as half time and before extra time periods, the
participants remained seated and were allowed to drink water.

2.3 Side Cutting Tasks

Side cutting tasks were selected for this study because of its ma-
neuvers that reflect most reported kinematics and demands of the
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lower limb during ACL injury occurrence (Faung & Wulff, 2006;
Hawkins et al., 2001; Mclean, Lipfert, & Van Den Bogert, 2004).
Further reports on the reliability of side cutting kinematics have
also been published elsewhere (Sankey et al., 2015a).

Approach speed was standardized using timing gates (Swift Per-
formance, USA) which were set up 2 m apart and 2 m from the
designated landing box for the side cutting task execution. The
approach speed range was set at 4 — 5 ms-1 as it was suggested to
be a safe approach speed to perform a cutting maneuver with rep-
resentative  kinematic data for injury risk assessment
(Vanrenterghem, Venables, Pataky, & Robinson, 2012). Trials
with approach speeds not within the set range were excluded from
the analysis. The side cutting tasks utilized were anticipated in
nature and consists of a 45° change of direction. Cones were also
placed at 45° of deviation from the runway in addition to floor
markings placed to represent a target gate for exiting the 45° side
cutting task. All participants performed 5 successful trials of side
cutting for both dominant and non-dominant limbs. A schematic
representation of the side cutting task layout is as represented in

Figure 1.
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Figure 1: A Schematic Representation of the Side Cutting Task Layout.

2.4 Soccer Match Simulation

The soccer match simulation used in this study was similar to Raja
Azidin et al. (2015). This overground soccer match simulation
protocol has been proven to be more representative of an actual
soccer match-play in both the physical loading (Barreira, Robin-
son, Drust, Nedergaard, Raja Azidin, & Vanrenterghem, 2016)
and the physiological loading aspects (Raja Azidin et al., 2015).
The overground soccer match simulation protocol consists of a 15
m course that includes multidirectional utility movements. A 15-
minute audio cue instructs the participants on to perform different
activities throughout the 15 m course and is repeated to suit the
soccer match-play duration. Several obstacles were incorporated
throughout the 15 m course for participants to maneuver them-
selves through or around using movements as illustrated in Figure
2. Full details of the simulated soccer match-play are described
elsewhere (Barreira et al., 2016; Raja Azidin et al., 2015).

Forwards ronting

Alternating wiility movements

m m 10m llm 12m [3m

Figure2: A Schematic Diagram of the Multidirectional Overground Simu-
lated Soccer Match-Play.

2.5 Biomechanical Model

10 reflective markers were placed on both sides of the partici-
pants’ selected body bony landmarks (acromion process, greater
trochanter, lateral femoral epicondyle, lateral malleolus and fifth
metatarsal) to enable visual access for the observer to process the
recorded data.

2.6 Data Collection

All side cutting tasks were performed inside a 0.30 x 0.30 m box
marked on the ground with two high-speed cameras (Exilim ZR-
800, Casio, USA) set at 240 frames per second (fps) and a pixel
resolution of 512 x 384 placed at perpendiculars to both sides
(sagittal plane) of the side cutting box. The height and distance of
the cameras were set at 1.22m above the floor 3.45 m away from
the designated box (Padua, Marshall, Boling, Thigpen, Garrett, &
Beutler, 2009) but were adjusted accordingly if needed to fit the
full model of the markers into the recorded display in order to
ensure that the markers were all visible for processing. A schemat-
ic diagram of the side cutting camera placement layout is included
as shown in Figure 1

The recorded videos are imported into Kinovea (Kinovea, France)
and TEMPLO (Contemplas TEMPLO, GmbH, Germany) and
analyzed there. Video playback speed were calibrated to fit the
sampling rate.

The hip extension angle was obtained from an angle formed by a
straight line originating from the acromion process to the greater
trochanter and from the greater trochanter to the lateral femoral
epicondyle. Whereas the knee extension angle was determined
from the angle formed by a straight line originating from the
greater trochanter to the lateral femoral epicondyle and from the
lateral femoral epicondyle to the lateral malleolus.

2.7 Data and Statistical Analysis

Initial contact (IC) was defined as the first instance (frame) where
the participants’ foot touches the ground. The definition and de-
termination of the initial contact phase were practiced as closely
and as consistently as possible across all trials for all participants.
The markers on the lateral malleoli and the fifth metatarsals aided
in determining IC.

The measured angles of the knees and hips on both sides were
matched with their respective measured angles on two softwares
for each respective participant and trial and with their respective
measured angles from the second measurement (intra-observer)
other observer (inter-observer) for each respective participant and
trial. Inter-trial, inter-observer and intra observer reliability were
assessed for this study using correlational analysis and a two-way
random effects model, single measures form of intraclass correla-
tion coefficients (ICC2,1), while the standard error of measure-
ment and (SEM) and smallest detectable difference (SDD) were
calculated using the respective equations as demonstrated by Weir
(2005) as presented in (1) and (2) respectively:

SEM = SD x \(1-ICC) 1)
SDD = 1.96 x SEM x \2 ®)

Paired t-tests were used to compare the pretest (time 0 min) knee
and hip angles between dominant and non-dominant limbs to as-
sess the baseline assumption of similar pretest angles between the
two limbs. A 2 (limb: dominant, non-dominant) x 7 (time: 0 min,
45 min, 60 min, 105 min, 110 min, 125 min, 140 min) split-plots
analysis of variance (SPANOVA) was conducted for each de-
pendent variable. All data were analyzed using the Statistical
Package for Social Sciences (SPSS v. 23, IBM, New York, USA).
The equality of variances between limbs and time points were
assessed using the Mauchly’s test of sphericity. Sphericity viola-
tions are corrected accordingly to the Greenhouse — Geisser epsi-
lon. An epsilon value of < 0.75 the Greenhouse — Geisser correc-
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tion was applied and referred to while epsilon values of > 0.75 are
corrected using the Huynh — Feldt correction as elaborated by
Girden (1992). Since the similar outcome measures are analyzed
for each repeated measure, the Bonferroni post-hoc procedures
was used to control Type 1 errors. In this study, limb dominance
and time were treated as independent variables while the depend-
ent variables investigated included the knee and hip extension
angles at IC. Each successful five trials at every time point were
computed for a mean reading. The alpha level was set at 0.05.

3. Results

Data for means and standard deviations are presented as Mean +
SD.

3.1 Validity Study

For all angular kinematics, variability between TEMPLO and
Kinovea angles was below 5.5° for all angles. Generally, the angu-
lar measurements were similar between the two products. Mean
knee and hip extension angles are presented as according to Table
1.

Table 1: Descriptive Data on TEMPLO and Kinovea Angle Measurements
for Knee and Hip Extensions across Limbh Dominance.

Table 3: ICC Reliability of the Knee and Hip Assessments across Limb
Dominance.

Absolute difference between
measurements 1CC,1(95% | SEM | SDD
()(Mean + SD) %)) O @)
= D 760 + 1.363 .988 (.973 - 149 413
2 .995)
® [N .080 + 1.256 .988 (.972 - 138 .383
D .994)
- | D .560 + 1.635 .986 (.969 - 193 535
= 994)
N 160 +1.463 .981 (.956 - 202 .560
D .991)

Knee Hip
D ND D ND
Kinovea 166.5 + 164.3 + 155.0 155.0
Reading 8.6° 8.0° 9.7° 7.6°
TEMPLO 165.7 + 164.2 + 1545+ 155.2 +
Reading 9.0° 8.0° 10.0° 7.2°

D = Dominant; ND = Non-dominant

Angular kinematics variability between the first and second as-
sessments and between the two observers was between 0° to 5° for
all angles. Overall, the knee and hip angles for both dominant and
non-dominant limbs were similar in both measurements for both
observers. This may suggest consistency in measurements within
the observers and also between the observers.

High variability in sagittal plane kinematics of the knee and hip
can be observed across the participants at IC, however these
variabilities are constantly detected between the first and second
measurements as well as between both observers. These
variabilities were included for consideration in the discussion
section and the drawing of the conclusion in the study. Table 2
presents the descriptive data for the measurements by both ob-
servers.

Table 2: Means and Standard Deviations of Knee and Hip Angles.

Knee Hip

D ND D ND
O1M 165.4 £ 1645+ 5 153.7 +
1 98" 70° 156.1 £8.0 93°
O1M 165.8 £ 164.9 £ 156.040 + 1538 +
2 9.7° 6.7° 8.3° 9.2°
0o2M 165.2 £ 163.6 £ 5 154.0 +
1 93¢ 67° 156.3 £8.8 90°
0o2M 165.1 + 163.4 £ 5 1535+
5 99 6.5° 156.0 £ 8.6 90°

01 = Observer 1; 02 = Observer 2; M1 = Measurement 1; M2 = Meas-
urement 2; D = Dominant; ND = Non-dominant

3.2 Reliability of Kinovea vs. TEMPLO Motion Analysis
Software

Excellent reliability for the knee and hip assessments was found
between Kinovea and TEMPLO motion analysis softwares, with
small absolute differences (0.160° — 0.760°), high ICC values
(0.981 — 0.988), small SEM (0.138° — 0.202°) and SDD (0.383° —
0.560°) as reported in Table 3.

D = Dominant; ND = Non-dominant; ICC = Intraclass correlation coeffi-
cient; SEM = Standard error of measurement; SDD = Smallest detectable
difference

3.3 Reliability Analysis

Small absolute differences (0.000 — 0.560), high ICC (0.976 —
0.993), and small SEM (0.100 -0.281) and SDD (0.276 — 0.779)
are found as reported in Table 4. This allows the deduction of
excellent intra-observer reliability for the knee and hip angles at
IC during side cutting tasks for both observers. Excellent inter-
observer reliability can be concluded with small absolute differ-
ences (0.040 — 1.560), high ICC (0.954 — 0.984), and small SEM
(0.160 — 0.426) and SDD (0.443 — 1.181) as reported in Table 5.

3.4 Descriptive Statistics

Two participants were unable to complete the full 120-minute
protocol. All data presented are for the remaining sixteen partici-
pants. Mean kinematic data for knee and hip extension angles
throughout the protocol are as presented in Table 6.

3.5 Physiological Responses

The mean heart rates during the simulated soccer match-play exer-
tion (time 5 min to 105 min) was 150 + 11 beats - min™. Heart
rates were elevated over time throughout the simulation (Fg203 =
13.7, p = 0.000, n* = 0.477) (Figure 3a). Likewise, the mean RPE
(time 5 min to 105 min) was 12 + 2. Rate of perceived exertions
were also elevated over time (F4ss = 28, p = 0.000, nz = 0.600)
(3b).

3.6 Paired T-Tests

Paired t-tests revealed that the knee and hip extension angles were
similar across their respective limb dominance. It can therefore be
concluded that the pretest extension angles for both knee and hip
joints were equal across limb dominance.

3.7 “Split-Plots” Analysis of Variance (SPANOVA)

No interaction between the limb dominance and the knee and hip
extension angles over time (knee: F3333 99,990 = 0.401, p =0.773, nz
= 0.013; hlp F3.g45'115.350 = 0.138, p= 0.961, 1]2 = 0005) This
means that the changes occurring in the knee and hip extension
angles are independent of dominance status of the limb itself.
However, significant changes can be observed overtime for both
knee and hip extension angles regardless of limb dominance (knee:
Faas390900 = 7.217, p = 0.000, 1 = 0.194; hip: F3 45 115350 = 8.607,
p = 0.000, n* = 0.223). No significant difference in the knee and
hip extension angles was found between both dominant and non-
dominant limbs (knee: Fy 5 = 0.189, p = 0.667, n* = 0.006; hip:
F10 = 0.099, p = 0.755, n = 0.003).




10 International Journal of Engineering & Technology
Table 4: Intra-Observer Reliability of the Sagittal Plane Knee and Hip Angles at IC.
Absolute difference between measures (°) (mean + SD) ICCy4 SEM (°) SDD (%)
(95% CI)
o1 02 01 02 o1 02 o1 02

= | P 4+12 214 .993 .989 .100 .150 0.276 0.417
2 (.983 - .997) (.975 - .995)

® | ND 4+15 2+13 .976 977 .233 .202 0.645 0.560
(.946 - .989) (.950 - .990)

- | D 1+14 3+x14 .986 .986 .164 .169 0.453 0.469
5 (.967 - .994) (.969 - .994)

ND 0+1.3 6+19 .990 .978 132 .281 0.367 0.779
(.977 - .995) (.950 - .990)

ICC = intraclass correlation coefficient; Cl = confidence interval; SEM = standard error of measurement; SDD = smallest detectable difference; O1 =

Observer 1; 02 = Observer 2; D = Dominant; ND = Non-dominant

Table 5: Inter-Observer Reliability of the Sagittal Plane Knee and Hip Angles at IC.

Absolute difference between measures (°) ICCz1 SEM (°) SDD (°)
(mean * SD) (95% CI)
M1 M2 M1 M2 M1 M2 M1 M2

= | D 20+18 8+18 .982 .984 .245 .223 0.679 0.618
2 (.959 - .992) (.964 - .993)

® | ND 92 16+1.2 .954 .983 426 .160 1.181 0.443
(.899 - .980) (.961 - .992)

- | D 2+2 0+15 972 .984 .330 191 0.915 0.531
5 (.938 - .988) (.964 - .993)

ND 4+23 3+22 .968 972 416 .363 1.153 1.007
(.928 - .986) (.937 - .987)

ICC = intraclass correlation coefficient; Cl = confidence interval; SEM = standard error of measurement; SDD = smallest detectable difference; M1 =

Measurement 1; M2 = Measurement 2; D = Dominant; ND = Non-dominant

Heart rate (beats - min-1)

Time (mins)

(b)

RPE

0 5 10 15 20 25 30 35 40 45 60 6 7D 75 80 85 90 95 100 105 110 115 120 125 130 135 140

Time (mins)

Figure 3: Heart rate (a) and RPE (b) changes over time during simulated
soccer match-play with extra time. * Denotes a significant difference com-
pared to O min.

3.8 Pairwise Comparisons

The knees are observed to be especially more extended at 125min
(p = 0.001) and at 140min (p = 0.023) compared to Omin (Figure
4a). The hip is observed to be more extended at 60min (p = 0.006)
and at 105min (p = 0.009) when compared to Omin (Figure 4b).
The 5-minute rest interval before extra time commences (110min)
seems to have little effect on the hip extension angles as they still
show a trend to greater extension angles compared to Omin (p =
0.056). Greater extension angles than at Omin can also be observed
at 125min (p = 0.002) and at 140min (p = 0.001).

Table 6: Means and Standard Deviations for Knee and Hip Angles.

Angle Time Dominant Non-dominant
(min) Mean () SD () Mean (°) SD ()
Knee 0 161.3 7.1 161.6 6.7
45 163.1 5.6 162.1 6.3

60 164.4 5.5 162.7 6.6
105 163.9 5.8 162.9 6.9
110 164.4 6.5 163.9 6.6
125 166.1 45 164.9 6.3
140 165.3 5.0 164.4 6.0
Hip 0 152.7 77 153.7 7.7
45 1544 8.3 155.5 8.2
60 156.9 6.0 157.0 7.7
105 156.7 5.9 158.3 7.2
110 157.8 8.0 158.5 9.3
125 159.0 7.1 159.0 8.8
140 158.9 6.0 159.4 75
(@
o 45 60 105 1o 125 140

Time (min)

(b)

= Dominant # Nondominant

170
* *

2|
»

-y
mw o
—

Hip Angle (degrees)
N
o

ool
] b

140

o 45 60 125 140

Figure 4: Knee Extension Angles (A) and ‘I—'iipl Extension Angles (B) Dur-
ing Simulated Match-Play. * Indicates Significant Difference Overtime.

105 110

4. Discussion

The primary findings of the current study suggest that two 2D
motion analysis software's, matched for camera setup, frame rate
and pixel resolution, imposed no significant changes in knee and
hip angular kinematic values across both dominant and non-
dominant limbs. Despite the similarities in the outcomes of the
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kinematic measurements, TEMPLO requires the fulfilment of
rigorous security protocols and is very costly for practising users
in sport especially from developing and rising companies and
research facilities. Having a complementary product of similar
capabilities would appear to be more cost-efficient.

The key findings of this study shows that male recreational soccer
athletes executed anticipated side cutting maneuvers with knee
and hip extension angles at initial contact increasing over time.
Hip extension was observed to increase earlier as shown at the
beginning of the second half of the soccer match. These findings
support epidemiological studies in addition to demonstrating, for
the first time, that ACL injury risk increases following extra time
exertion.

4.1 Sagittal Plane Side Cutting Variability

The results of this study reveal a high variability in the sagittal
plane side cutting kinematics for both knee and hip joints across
limb dominance. This coincides with reports of high variability in
side cutting task execution among male athletes by Sankey et al.
(2015a). Possible explanations for this outcome may include vari-
ability in landing strategies implemented by participants across
trials as well as changes in the frontal (varus — valgus displace-
ment) (Greig, 2009) and transverse (internal — external rotation)
(Sanna & O’connor, 2008) planes kinematics which were not as-
sessed in this study.

Upon IC, high variability in kinematic angles of both knee and hip
joints were observed. This observation is similar to that observed
by Sankey et al. (2015a) in side cutting tasks performed under at
similar speeds (4 — 5 ms-1) and magnitude of directional change
(45°). Another study by Malfait, Sankey, Azidin, Deschamps,
Vanrenterghem, Robinson, Staes, and Verschueren (2014) which
utilized dissimilar tasks to side cutting (i.e. drop vertical jumps)
also found similar variabilities in the sagittal plane kinematics.
These variabilities may be associated to differences in varus —
valgus displacement (Greig, 2009), lateral trunk motion (LTM)
(Dingenen, Malfait, Nijs, Peers, Vereecken, Verschueren, & Staes,
2015a; Dingenen et al., 2014) in the frontal plane and internal —
external rotation (Sanna & O’connor, 2008) in the transverse plane
which were not included for observation in this study. Such
variabilities detected may also represent hints of compensatory
mechanics for different landing strategies implemented between
the participants (Kim, Lee, Kong, An, Jeong, & Lee, 2014; Pow-
ers, 2010).

4.2 Reliability of TEMPLO and Kinovea 2D Motion
Analysis Softwares: A Practical Implication

Since the data recorded were processed under one similar proce-
dure (angular measurements) across two different motion analysis
softwares, the angles measured for one instance of the side cutting
task were matched for the same instance in the other software.
This addresses the question regarding validity of the selected mo-
tion analysis software for the subsequent following studies. A
close-to-perfect ICC can be observed for all angular measurements,
therefore indicating that the free Kinovea is just as valid and reli-
able as the paid TEMPLO software for the assessment of lower
limb angular kinematics from the sagittal perspective.

The primary focus of this study was to assess the reliability of a
sagittal knee and hip joint kinematic angles at IC during side cut-
ting tasks. Reliability was investigated using intra-observer (inter-
session) and inter-observer (inter-therapist). ICC was reported
with supporting data and justification using SEM and SDD values.
The main findings from this study suggests that sagittal plane side
cutting kinematic angles of the knee and hip joints can be assessed
with excellent intra- and inter- observer reliability. Other out-
comes observed in this study were discussed in this section.

4.3 The Accuracy of the Sagittal Plane Knee and Hip
Angular Measurements at IC

SEM and SDD was calculated alongside the intra- and inter-
observer reliability (ICC2.1) to investigate measurement error
(Weir, 2005). The SEM for all measurements (intra- and inter-
observer; knee and hip joints; and dominant and non-dominant
limbs) was approximately 0.236°. This means that observers can
be confident that the measured angles are within 1° from the theo-
retical value with regard to the assumption of no measurement
error (true angle) at the 95% interval (Weir, 2005). The minimum
difference required for the measurements, matched for trials, intra-
and inter-observer, knee and hip joints, and dominant and non-
dominant limbs, to be identified as statistically significant is rep-
resented by the SDD (Weir, 2005). Based on the outcomes of this
study, within measurements (intra-observer) and between meas-
urements (inter-observer) can consider differences below 0.5° and
1° respectively to be insignificant. However, when matched with
alternate planes (i.e. frontal and transverse planes); it may reveal
more data for the sources of variability in the measurements. For
example, the identification of knee and hip joints’ kinematics from
the frontal plane include knee valgus angles and LTM (Dingenen
et al., 2015a; Dingenen et al., 2014). Although the knee requires a
similar 3 markers to assess the knee valgus and the knee extension
angles, the hip joints require only 2 markers for LTM angles as-
sessment as compared to 3 markers required to illustrate the hip
extension angles, consequently revealing a possibility of a source
of variability (Dingenen et al., 2014).

4.4 The Utilization of Sagittal Plane Knee and Hip Joint
Kinematics for Injury Risk Assessment

The knee and hip extensions have been proposed to play unique
roles in loading the ACL. Studies by Bossuyt et al. (2016); Raja
Azidin et al. (2015); Sanna and O’connor (2008) and Greig (2009)
have assessed ACL injury risks and included reports of the sagittal
plane knee kinematics. The inclusion of sagittal plane hip kine-
matics for injury assessment was proposed by Hashemi et al.
(2011). A more extended hip at IC of a landing phase is described
to cause a shifting of the center of mass (COM) to posterior the
knee and causing disruption in the knee and hip muscles co-
activation synchrony.

According to Hashemi et al. (2011), delayed knee and hip joint
muscles’ co-activation may cause the said mechanism to result in
a more flexed knee and a more extended hip upon landing follow-
ing ground reaction force. The described postural alignment pro-
motes anterior tibial translation which is resisted by the ACL,
increasing tension within the ligament, and ultimately causing
failure to withstand the shear forces acting on the ligament
(Hashemi et al., 2011). In a risk identification practice, it is crucial
for testers to understand not only the mechanism of an injury, but
also have a reliable tool to detect and identify these risks
(Dingenen et al., 2014). The use of a frontal plane alone is insuffi-
cient in providing accurate data as highlighted by Dingenen et al.
(2014), as the biomechanical impairments during a test can be, as
claimed by Ortiz and Micheo (2011), multifactorial in its occur-
rence. As the transverse plane cannot be observed (Dingenen et
al., 2014), the inclusion of a sagittal plane kinematic observation
may supplement for insufficient data and provide added value to a
test. The sagittal plane mechanics has also been used in testing
procedures apart from the frontal plane mechanics to provide a
more holistic interpretation of an injury risk assessment data (Pad-
ua, Boling, Distefano, Onate, Beutler, & Marshall, 2011; Padua,
Distefano, Beutler, De La Motte, Distefano, & Marshall, 2015;
Padua et al., 2009).
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4.5 Effects of Extra Time Exertions on Knee and Hip
Extension Angles

Findings from this study indicated that the knees and hip appear to
be more extended in the later stages of simulated soccer match-
play. In addition to that, the onset of greater extension of the hip at
initial contact was detected as soon as the second half of soccer
match-play, affirming epidemiological researches on injury inci-
dences Hawkins et al. (2001) and Ekstrand et al. (2011) claiming
that injury incidences tend to be increasingly likely to occur over
time in soccer matches. Previous studies in interrogating biome-
chanical injury risk factors (Bossuyt et al., 2016; Greig, 2009;
Hamdan, Ismail, Hassan, Ismail, & Raja Azidin, 2018; Raja
Azidin et al., 2015) has proven a more extended knee orientation
at initial contact post-exertion compared to pre-exertion state.
Although Raja Azidin et al. (2015) has reported no significant
differences between an overground soccer match simulation pro-
tocol and a treadmill protocol as utilized by Greig (2009) in terms
of biomechanical changes during kinematic assessments of side
cutting tasks, the nature of testing conducted by Greig (2009) was
unfortunately dissimilar to this study as he implemented a 180°
agility sprint instead of a 45° side cutting maneuver as performed
in this study. This may help explain the great discrepancy in
changes presented in his study (13° versus 30°) in comparison to
that observed in this study (15° versus 18°). Similarly, Bossuyt et
al. (2016) observed more extended knees during a single leg hop

task (11° versus 14°) and a drop vertical jump task (29° versus 32°).

Raja Azidin et al. (2015) showed similar changes (5° versus 9°) in
comparison to this study which may be attributed to similarities to
this study such as the utility of an open 45° side cutting maneuver.
Furthermore, the extent of exertion in previous researches are very
much dissimilar to this study. Bossuyt et al. (2016) utilized a high
intensity, short term protocol (SAFTS5) while Raja Azidin et al.
(2015), included a 45-minute overground versus treadmill soccer
match simulation and Greig (2009) and Raja Azidin (2015) im-
plemented a full 90 minutes of treadmill soccer match simulation
and a full 90 minutes of overground soccer match simulation re-
spectively. Whilst the changes were similar, the values were no-
ticeably different and may be attributed to the nature of the 45°
side cutting task performed by in this study (anticipated) as op-
posed to in his study (unanticipated).

Present understanding of non-traumatic ACL injury insists that a
more extended knee loads the ACL with greater strain (Markolf,
Burchfield, Shapiro, Shepard, Finerman, & Slauterbeck, 1995) and
place the knee in a vulnerable position to anterior shear forces
(Hashemi et al., 2011). Increments in knee extension may be
caused by the impairment of quadriceps and hamstrings co-
activation which act as a counterforce protecting the knees
(Wojtys, Ashton-Miller, & Huston, 2002). Following the incre-
ment of knee extension at initial contact over time, it was specu-
lated by Blackburn and Padua (2008) that the ACL is loaded due
to the elevation angle of the ACL, patellar tendon insertion angle
and reduction in hamstrings insertion angle which have been
found to increase tibial anterior shear forces (Nunley, Wright,
Renner, Yu, & Garrett Jr, 2003; Yu & Garrett, 2007) thus disa-
bling the counterforce potential from the hamstrings against the
shear forces on the ACL (Pandy & Shelburne, 1997).

In addition to the more extended knee at initial contact observed
following extra time, the hip is also found to be more extended,
indicating a more erect posture is prominent in the side cutting
task executions. This extended hip is was also observed in the
preceding study by Raja Azidin et al. (2015). Interestingly, in this
study, it was observed that the more extended hip orientation oc-
curred as early as the start of the second half of the simulated soc-
cer match as compared to the extended knee which took place
since the end of the first extra time half. The hip extension is pro-
posed to be a contributing mechanism of ACL injury occurrence
by Hashemi et al. (2011), prompting that the hip extensors (i.e.
gluteus maximus), in the presence of pre-existing quadriceps and

hamstrings impaired co-contraction, becomes isolated and the
magnitude of force generated by its contraction may encourage
hip extension apart from inhibiting a proper hip flexion rate
(Hashemi, Chandrashekar, Jang, Karpat, Oseto, & Ekwaro-Osire,
2007). Another mechanism coined leading up to the proposed
injury mechanism is that an upright trunk (more extended) would
position the center of mass posterior the knee and enable the ensu-
ing vertical ground reaction forces to encourage dysynchrony in
the knee and hip co-activation harmony. This mechanism was
founded since Koyanagi, Shino, Yoshimoto, Inoue, Sato, and Na-
kata (2006) and Shimokochi, Yong Lee, Shultz, and Schmitz
(2009) proved that a more anteriorly positioned center of mass
would promote both knee and hip flexion. The early onset of hip
extension impairment may furthermore be attributed to greater
exertion for greater flexion compared to the knees as observed by
Blackburn and Padua (2008) where the hip apparently flexes more
when compared to the knees at initial contact during landing using
their participants’ preferred landing strategy.

Overall, extra time soccer match-play exertions apparently in-
duced two major proposed mechanisms of non-traumatic ACL
injury risks, an increased knee extension and an increased hip
extension at initial contact of a dynamic, pivoting maneuver as a
side cut. These configurations combined together support the in-
ferences that a sagittal plane biomechanics leads a vital part in the
mechanism of non-traumatic ACL injury (Yu, Lin, & Garrett,
2006). Previous investigations have also highlighted that a combi-
nation of multiple loading mechanisms could pose adverse effects
to the ACL (Borotikar, Newcomer, Koppes, & Mclean, 2008;
Hewett, Myer, Ford, Heidt, Colosimo, Mclean, Van Den Bogert,
Paterno, & Succop, 2005; Markolf et al., 1995; Yu et al., 2006).
Borotikar et al. (2008) also noted that anticipatory conditions of a
side cutting maneuver may have detrimental effects on the lower
limb mechanics aside from the level of exertion and this is a cru-
cial note to come alongside the interpretations from this study.
Therefore, it is important to note the changes occurring in the
biomechanics of the knee and hip as a function of exertion togeth-
er and with respect to its decision-making nature for more com-
prehensive and critical interpretations in both future investigations
as well as in clinical practice.

4.6 Effects of Extra Time Exertions on Dominant and
Non-Dominant Knee and Hip Extension Angles

The findings from this study revealed no biasness in biomechani-
cal alterations in the knees and hips when it comes to limb domi-
nance. All knee and hip extension angles drastically increased
over time as s function of fatigue and can be associated with in-
creases in ACL injury risk following previously discussed mecha-
nisms. This finding may hint that doth the dominant and non-
dominant knees and hips are equally as likely to sustain ACL in-
jury throughout exertion during a soccer match including through-
out the bouts of extra time. This study reveals contradictory find-
ings to an audit of ACL injuries from direct participation in soccer
by Brophy et al. (2010) claiming that males are more likely to
injure their dominant limb compared to their non-dominant limb
(74% versus 26%). Unfortunately, it remains unclear how limb
dominance may have an influence towards ACL injury risk as
another multicenter retrospective investigation revealed indiffer-
ences between the dominant limbs and the non-dominant limbs
(Negrete, Schick, & Cooper, 2007). Another study also proved
that over 95% of functional tasks and isokinetic tests summed up
to reveal symmetrical indices between the dominant and non-
dominant limbs (Petschnig, Baron, & Albrecht, 1998). The find-
ings from these studies along with this current study may suggest
that contrary to the current consensus, the tendencies of acquiring
ACL injury is similar across limb dominance, even throughout the
accumulation of prolonged exposure to exertion.
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4.7 Limitations

The outcomes of this study has revealed excellent reliability of the
sagittal plane knee and hip joint angular measurements for both
intra- and inter-observers. Nevertheless, this study did not assess
frontal and transverse plane mechanics which may be crucial to
reveal greater results therefore sagittal plane alignment may not
reveal sufficient data to address multifactorial biomechanical im-
pairments and to be utilized as a stand-alone test for injury risk
assessment.

5. Conclusion

The findings of this study suggest that high reliability coexists
between the two 2D motion analysis softwares Kinovea and
TEMPLO despite the difference in establishment of the producing
companies. Thus, in a more cost-effective approach of biome-
chanical injury assessment, Kinovea would prove to be a more
appropriate instrument for the practice.

The findings from this study may suggest that knee and hip

extension angles may be assessed with excellent intra- and inter-
observer reliability during side cutting tasks while using 2D mo-
tion analysis. Including this plane of observation for the analysis
of similar dynamic tasks in injury risk assessment tests may be
beneficial as it may provide added value to the analysis. It is fur-
thermore recommended to include a test — retest reliability as-
sessment in future studies to further provide a more concrete ex-
planation on whether the differences between trials were due to
measurement errors or the participants’ own changes in landing
strategies to different intrinsic conditions as inter-trial reliability is
free from methodological setbacks.
The findings of this study have shown that a more erect and ex-
tended landing posture in the knees and hips has been observed
throughout extra time during simulated soccer match-play exer-
tions. In a nutshell, the findings from this study showed elevated
ACL injury risk over time. Moreover, in addition to the current
body of knowledge, this study is the first study to report on the
kinematic alterations from extra time exertions with respect to
ACL injury risk. The extended knees and hips do not, however,
reveal differences between dominant and non-dominant limbs,
suggesting that unlike the current consensus, the non-dominant
limbs are actually as much affected as the dominant limbs from
exertions, with greater exertion leading to increasing of ACL inju-
ry risk. However further observations are warranted to provide a
more comprehensive understanding of the kinematic impairments
in the knees and hips following exertion from a multiplanar per-
spective.

References

[1] Agel, J., Evans, T. A, Dick, R., Putukian, M., & Marshall, S. W.
(2007). Descriptive epidemiology of collegiate men's soccer inju-
ries: National collegiate athletic association injury surveillance sys-
tem, 1988-1989 through 2002-2003. Journal of Athletic Training
(National Athletic Trainers' Association), 42(2), 270-277.

[2] Alentorn-Geli, E., Myer, G. D., Silvers, H. J., Samitier, G., Romero,
D., Lazaro-Haro, C., et al. (2009). Prevention of non-contact anteri-
or cruciate ligament injuries in soccer players. Part 1: Mechanisms
of injury and underlying risk factors. Journal of Knee Surgery,
Sports Traumatology, Arthroscopy, 17(7), 705-729.

[3] Barreira, P., Robinson, M. A., Drust, B., Nedergaard, N., Raja
Azidin, R. M. F., & Vanrenterghem, J. (2016). Mechanical player
load™ using trunk-mounted accelerometry in football: Is it a relia-
ble, task-and player-specific observation? The Journal of Sports
Sciences, 1-8.

[4] Blackburn, J. T., & Padua, D. A. (2008). Influence of trunk flexion
on hip and knee joint kinematics during a controlled drop landing.
Journal of Clinical Biomechanics, 23(3), 313-319.

[5] Boden, B. P, Dean, G. S., Feagin, J. A., & Garrett, W. E. (2000).
Mechanisms of anterior cruciate ligament injury. Orthopedics,
23(6), 573-578.

[6] Boden, B. P., Torg, J. S., Knowles, S. B., & Hewett, T. E. (2009).
Video analysis of anterior cruciate ligament injury. American Jour-
nal of Sports Medicine, 37.

[7] Borotikar, B. S., Newcomer, R., Koppes, R., & Mclean, S. G.
(2008). Combined effects of fatigue and decision making on female
lower limb landing postures: Central and peripheral contributions to
acl injury risk. Journal of Clinical Biomechanics, 23(1), 81-92.

[8] Bossuyt, F. M., Garcia-Pinillos, F., Raja Azidin, R., Vanrenterghem,
J., & Robinson, M. A. (2016). The utility of a high-intensity exer-
cise protocol to prospectively assess acl injury risk. International
Journal of Sports Medicine, 95(02), 125-133.

[9]1 Brophy, R., Silvers, H. J., Gonzales, T., & Mandelbaum, B. R.
(2010). Gender influences: The role of leg dominance in acl injury
among soccer players. The British Journal of Sports Medicine,
44(10), 694.

[10] Cochrane, J. L., Lloyd, D. G., Buttfield, A., Seward, H., &
Mcgivern, J. (2007). Characteristics of anterior cruciate ligament
injuries in australian football. Journal of Science and Medicine in
Sport, 10(2), 96-104.

[11] Cone, J. R., Berry, N. T., Goldfarb, A. H., Henson, R. A., Schmitz,
R. J., Wideman, L., et al. (2012). Effects of an individualized soc-
cer match simulation on vertical stiffness and impedance. The Jour-
nal of Strength & Conditioning Research, 26(8), 2027-2036.

[12] Cortes, N., Greska, E., Kollock, R., Ambegaonkar, J., & Onate, J. A.
(2013). Changes in lower extremity biomechanics due to a short-
term fatigue protocol. Journal of Athletic Training, 48(3), 306-313.

[13] Cortes, N., Quammen, D., Lucci, S., Greska, E., & Onate, J. (2012).
A functional agility short-term fatigue protocol changes lower ex-
tremity mechanics. The Journal of Sports Sciences, 30(8), 797-805.

[14] Dai, B., Herman, D., Liu, H., Garrett, W. E., & Yu, B. (2012). Pre-
vention of acl injury, part i: Injury characteristics, risk factors, and
loading mechanism. Research in Sports Medicine, 20(3-4), 180-197.

[15] Dingenen, B., Malfait, B., Nijs, S., Peers, K. H., Vereecken, S.,
Verschueren, S. M., et al. (2015a). Can two-dimensional video
analysis during single-leg drop vertical jumps help identify non-
contact knee injury risk? A one-year prospective study. Journal of
Clinical Biomechanics, 30(8), 781-787.

[16] Dingenen, B., Malfait, B., Vanrenterghem, J., Robinson, M. A,
Verschueren, S. M., & Staes, F. F. (2015b). Can two-dimensional
measured peak sagittal plane excursions during drop vertical jumps
help identify three-dimensional measured joint moments? The Knee,
22(2), 73-79.

[17] Dingenen, B., Malfait, B., Vanrenterghem, J., Verschueren, S. M.,
& Staes, F. F. (2014). The reliability and validity of the measure-
ment of lateral trunk motion in two-dimensional video analysis dur-
ing unipodal functional screening tests in elite female athletes.
Physical Therapy in Sport, 15(2), 117-123.

[18] Donnelly, C., Elliott, B., Ackland, T., Doyle, T., Beiser, T., Finch,
C., et al. (2012). An anterior cruciate ligament injury prevention
framework: Incorporating the recent evidence. Research in Sports
Medicine, 20(3-4), 239-262.

[19] Ekstrand, J., Hagglund, M., & Waldén, M. (2011). Epidemiology of
muscle injuries in professional football (soccer). American Journal
of Sports Medicine, 39(6), 1226-1232.

[20] Faung, P., & Wulff, J. B. (2006). Mechanism of anterior cruciate
ligament injuries in soccer. International Journal of Sports Medi-
cine, 27(1), 75-79.

[21] Girden, E. R. (1992). Anova: Repeated measures: SAGE.

[22] Greig, M. (2008). The influence of soccer-specific fatigue on peak
isokinetic torque production of the knee flexors and extensors.
American Journal of Sports Medicine, 36(7), 1403-1409.

[23] Greig, M. (2009). The influence of soccer-specific activity on the
kinematics of an agility sprint. The European Journal of Sport Sci-
ence, 9(1), 23-33.

[24] Griffin, L. Y., Agel, J., Albohm, M. J., Arendt, E. A., Dick, R. W,
Garrett, W. E., et al. (2000). Noncontact anterior cruciate ligament
injuries: Risk factors and prevention strategies. Journal of the
American Academy of Orthopaedic Surgeons, 8(3), 141-150.

[25] Hamdan, M., Ismail, S. I., Hassan, H., Ismail, H., & Raja Azidin, R.
M. F. (2018). The effects of a 90-minute simulated soccer match-
play on knee and hip kinematics. Movement, Health & Exercise
(MoHE), 7(1).

[26] Hashemi, J., Breighner, R., Chandrashekar, N., Hardy, D. M.,
Chaudhari, A. M., Shultz, S. J., et al. (2011). Hip extension, knee
flexion paradox: A new mechanism for non-contact acl injury. The
Journal of Biomechanics, 44(4), 577-585.

[27] Hashemi, J., Chandrashekar, N., Jang, T., Karpat, F., Oseto, M., &
Ekwaro-Osire, S. (2007). An alternative mechanism of non-contact



14

International Journal of Engineering & Technology

anterior cruciate ligament injury during jump-landing: In-vitro sim-
ulation. Experimental Mechanics, 47(3), 347-354.

[28] Hawkins, R. D., Hulse, M. A., Wilkinson, C., Hodson, A., & Gib-
son, M. (2001). The associated football medical research pro-
gramme: An audit of injuries in professional football. The British
Journal of Sports Medicine, 35, 43-47.

[29] Herrero, H., Salinero, J. J., & Del Coso, J. (2014). Injuries among
spanish male amateur soccer players: A retrospective population
study. American Journal of Sports Medicine, 42(1), 78-85. doi:
10.1177/0363546513507767

[30] Hewett, T. E., Myer, G. D., Ford, K. R., Heidt, R. S., Colosimo, A.
J., Mclean, S. G., et al. (2005). Biomechanical measures of neuro-
muscular control and valgus loading of the knee predict anterior
cruciate ligament injury risk in female athletes a prospective study.
American Journal of Sports Medicine, 33(4), 492-501.

[31] Kim, J. H., Lee, K.-K,, Kong, S. J., An, K. O., Jeong, J. H., & Lee,
Y. S. (2014). Effect of anticipation on lower extremity biomechan-
ics during side-and cross-cutting maneuvers in young soccer play-
ers. American Journal of Sports Medicine, 0363546514531578.

[32] Koyanagi, M., Shino, K., Yoshimoto, Y., Inoue, S., Sato, M., &
Nakata, K. (2006). Effects of changes in skiing posture on the ki-
netics of the knee joint. Journal of Knee Surgery, Sports Trauma-
tology, Arthroscopy, 14(1), 88-93.

[33] Lucci, S., Cortes, N., Van Lunen, B., Ringleb, S., & Onate, J.
(2011). Knee and hip sagittal and transverse plane changes after
two fatigue protocols. Journal of Science and Medicine in Sport,
14(5), 453-459.

[34] Malfait, B., Sankey, S., Azidin, R. R., Deschamps, K,
Vanrenterghem, J., Robinson, M. A,, et al. (2014). How reliable are
lower-limb kinematics and kinetics during a drop vertical jump.
Journal of Medicine and Science in Sports and Exercise, 46(4),
678-685.

[35] Markolf, K. L., Burchfield, D. M., Shapiro, M. M., Shepard, M. F.,
Finerman, G. A., & Slauterbeck, J. L. (1995). Combined knee load-
ing states that generate high anterior cruciate ligament forces. The
Journal of Orthopaedic Research, 13(6), 930-935.

[36] Mclean, S. G., Lipfert, S. W., & Van Den Bogert, A. J. (2004). Ef-
fect of gender and defensive opponent on the biomechancs of side-
step cutting. Journal of Medicine and Science in Sports and Exer-
cise, 36(6), 1008.

[37] Negrete, R. J., Schick, E. A., & Cooper, J. P. (2007). Lower-limb
dominance as a possible etiologic factor in noncontact anterior cru-
ciate ligament tears. The Journal of Strength & Conditioning Re-
search, 21(1), 270-273.

[38] Nunley, R. M., Wright, D., Renner, J. B., Yu, B., & Garrett Jr, W. E.

(2003). Gender comparison of patellar tendon tibial shaft angle with
weight bearing. Research in Sports Medicine, 11(3), 173-185.

[39] Ortiz, A., & Micheo, W. (2011). Biomechanical evaluation of the
athlete's knee: From basic science to clinical application. PM&R,
3(4), 365-371. doi: http://dx.doi.org/10.1016/j.pmrj.2010.12.005

[40] Padua, D. A., Boling, M. C., Distefano, L. J., Onate, J. A., Beutler,
A. I, & Marshall, S. W. (2011). Reliability of the landing error
scoring system-real time, a clinical assessment tool of jump-landing
biomechanics. The Journal of Sport Rehabilitation, 20(2), 145-156.

[41] Padua, D. A., Distefano, L. J., Beutler, A. I., De La Motte, S. J.,
Distefano, M. J., & Marshall, S. W. (2015). The landing error scor-
ing system as a screening tool for an anterior cruciate ligament inju-
ry-prevention program in elite-youth soccer athletes. Journal of
Athletic Training.

[42] Padua, D. A., Marshall, S. W., Boling, M. C., Thigpen, C. A., Gar-
rett, W. E., & Beutler, A. 1. (2009). The landing error scoring sys-
tem (less) is a valid and reliable clinical assessment tool of jump-
landing biomechanics: The jump-acl study. American Journal of
Sports Medicine, 37(10), 1996-2002.

[43] Pandy, M. G., & Shelburne, K. B. (1997). Dependence of cruciate-
ligament loading on muscle forces and external load. The Journal of
Biomechanics, 30(10), 1015-1024.

[44] Petschnig, R., Baron, R., & Albrecht, M. (1998). The relationship
between isokinetic quadriceps strength test and hop tests for dis-
tance and one-legged vertical jump test following anterior cruciate
ligament reconstruction. Journal of Orthopaedic & Sports Physical
Therapy, 28(1), 23-31.

[45] Powers, C. M. (2010). The influence of abnormal hip mechanics on
knee injury: A biomechanical perspective. Journal of Orthopaedic
& Sports Physical Therapy, 40(2), 42-51.

[46] Quammen, D., Cortes, N., Van Lunen, B. L., Lucci, S., Ringleb, S.
l., & Onate, J. (2012). Two different fatigue protocols and lower

extremity motion patterns during a stop-jump task. Journal of Ath-
letic Training, 47(1), 32-41.

[47] Quatman, C. E., Quatman-Yates, C. C., & Hewett, T. E. (2010). A
‘plane’explanation of anterior cruciate ligament injury mechanisms.
Sports Medicine, 40(9), 729-746.

[48] Raja Azidin, R. M. F. (2015). Effect of soccer match-play on mark-
ers of anterior cruciate ligament injury risk. Liverpool John Moores
University.

[49] Raja Azidin, R. M. F.,, Sankey, S. P., Drust, B., Robinson, M. A., &
Vanrenterghem, J. (2015). Effects of treadmill versus overground
soccer match simulations on biomechanical markers of anterior
cruciate ligament injury risk in side cutting. The Journal of Sports
Sciences, 33(13), 1332-1341. doi: 10.1080/02640414.2014.990491

[50] Sankey, S. P., Azidin, R. M. F. R., Robinson, M. A., Malfait, B.,
Deschamps, K., Verschueren, S., et al. (2015a). How reliable are
knee kinematics and Kkinetics during side-cutting manoeuvres? Gait
& Posture, 41(4), 905-911.

[51] Sankey, S. P., Raja Azidin, R. M. F., Bradburn, H., Taibo, O. G.,
Cabeza-Ruiz, R., Robinson, M. A., et al. (2015b). Effects of 45-
minute soccer match simulation on balance mechanisms for single-
leg hop landing in healthy and anterior cruciate ligament recon-
structed females. Paper presented at the The 25th Congress of the
International Society of Biomechanics, Glasgow, United Kingdom.

[52] Sanna, G., & O’connor, K. M. (2008). Fatigue-related changes in
stance leg mechanics during sidestep cutting maneuvers. Journal of
Clinical Biomechanics, 23(7), 946-954.

[53] Shan, G., & Zhang, X. (2011). From 2d leg kinematics to 3d full-
body biomechanics-the past, present and future of scientific analy-
sis of maximal instep kick in soccer. BMC Sports Science, Medi-
cine and Rehabilitation, 3(1), 23.

[54] Shimokochi, Y., Yong Lee, S., Shultz, S. J., & Schmitz, R. J.
(2009). The relationships among sagittal-plane lower extremity
moments: Implications for landing strategy in anterior cruciate lig-
ament injury prevention. Journal of Athletic Training, 44(1), 33-38.

[55] Shultz, S. J., Schmitz, R. J., Cone, J. R., Copple, T. J., Montgomery,
M. M., Pye, M. L., et al. (2013). Multiplanar knee laxity increases
during a 90-min intermittent exercise protocol. Journal of Medicine
and Science in Sports and Exercise, 45(8), 1553-1561.

[56] Shultz, S. J., Schmitz, R. J., Cone, J. R., Henson, R. A., Montgom-
ery, M. M., Pye, M. L., et al. (2015). Changes in fatigue,
multiplanar knee laxity, and landing biomechanics during intermit-
tent exercise. Journal of Athletic Training, 50(5), 486-497.

[57] Silvers, H. J., & Mandelbaum, B. R. (2007). Prevention of anterior
cruciate ligament injury in the female athlete. The British Journal of
Sports Medicine, 41(suppl 1), i52-i59.

[58] Small, K., Mcnaughton, L., Greig, M., & Lovell, R. (2010). The
effects of multidirectional soccer-specific fatigue on markers of
hamstring injury risk. Journal of Science and Medicine in Sport,
13(1), 120-125.

[59] Vanrenterghem, J., Venables, E., Pataky, T., & Robinson, M. A.
(2012). The effect of running speed on knee mechanical loading in
females during side cutting. The Journal of Biomechanics, 45(14),
2444-2449.

[60] Waldén, M., Hagglund, M., Magnusson, H., & Ekstrand, J. (2011).
Anterior cruciate ligament injury in elite football: A prospective
three-cohort study. Journal of Knee Surgery, Sports Traumatology,
Arthroscopy, 19(1), 11-19.

[61] Weir, J. P. (2005). Quantifying test-retest reliability using the
intraclass correlation coefficient and the sem. The Journal of
Strength & Conditioning Research, 19(1), 231-240.

[62] Wojtys, E. M., Ashton-Miller, J. A., & Huston, L. J. (2002). A gen-
der-related difference in the contribution of the knee musculature to
sagittal-plane shear stiffness in subjects with similar knee laxity.
The Journal of Bone and Joint Surgery. American Volume., 84(1),
10-16.

[63] Yu, B., & Garrett, W. E. (2007). Mechanisms of non-contact acl
injuries. The British Journal of Sports Medicine, 41(suppl 1), i47-
i51.

[64] Yu, B., Lin, C. F., & Garrett, W. E. (2006). Lower extremity bio-
mechanics during the landing of a stop-jump task. Journal of Clini-
cal Biomechanics, 21(3), 297.


http://dx.doi.org/10.1016/j.pmrj.2010.12.005

