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Abstract

Knee and hip extension are two proposed mechanisms of non-traumatic
anterior cruciate ligament (ACL) injury. This study aimed to investigate the
changes of the hip extension angles following exertion induced by an
overground simulated soccer match-play. Fifteen male recreational players
consented to this study and were required to complete a 90 minutes of
simulated soccer match-play. Knee and hip angles were measured at initial
contact during 45° anticipated side-cutting tasks performed prior to the
simulation (time 0 min), at the end of the first half (time 45 min) prior to the
second half (time 60 min) and at the end of the soccer match simulation (time
105 min). A two (group: dominant, nondominant) x four (time: 0 min, 45
min, 60 min and 105 min) mixed between- and within- subjects ANOVA was
utilized. Results revealed that both knee and hip extension angles were
significantly altered over time (knee: Fz102 = 4.464, p = 0.005, n? = 0.116;
hip: Fs102 = 9.998, p = 0.000, 2 = 0.227), however no significant differences
were observed between dominant and nondominant sides (knee: Fizs =
0.026, p = 0.872, n? = 0.001; hip: Fi3 = 0.225, p = 0.638, n? = 0.007).
Pairwise comparisons indicated that the knee and hip is more during the
second half of the simulation (time 60 min and time 105 min), compared to
pre-exertion (time 0 min) (p < 0.05). The more erect knee and hip landing
postures observed suggested a greater risk of ACL injury during the latter
stage of each halves of match-play, supporting epidemiological observations.
Further interrogations of the kinematic differences in the knees and hips
across limb dominance are warranted for a more comprehensive
understanding of the changes in a multiplanar perspective following soccer
specific fatigue development.

Keywords: Anterior Cruciate Ligament, injury, soccer, limb dominance,
biomechanics
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Introduction

Soccer match-plays have witnessed numerous accounts of non-traumatic Anterior
Cruciate Ligament (ACL) injuries; and interestingly, the predisposition of injury
incidence rates appears to favor the later stages of soccer match-play as compared to the
initial stages of the match (Ekstrand, Hagglund, & Waldén, 2011; Hawkins, Hulse,
Wilkinson, Hodson, & Gibson, 2001). Most episodes of non-traumatic ACL injuries
would demonstrate an extended knee and hip with a planted foot on the ground while
pivoting for a change in direction in mid-run; which is very much what is represented
during an side-cutting maneuver (Alentorn-Geli et al., 2009; Boden, Dean, Feagin, &
Garrett, 2000; Cochrane, Lloyd, Buttfield, Seward, & Mcgivern, 2007; Silvers &
Mandelbaum, 2007; Waldén, Hagglund, Magnusson, & Ekstrand, 2011). An extended
orientation of the knee and hip has been proven to increase the strain in the ACL
(Donnelly et al., 2012; Hashemi et al., 2011; Mclean, Huang, & Van Den Bogert, 2005;
Pandy & Shelburne, 1997; Yu & Garrett, 2007) and the strain reduces as the knee and hip
moves into a more flexed orientation (Hashemi et al., 2011; Yu & Garrett, 2007). Hawkins
et al. (2001) reported that injury incidence rates in soccer are highest at the final 15
minutes of both the first half and the second half of the match. this finding coincides with
the study by Mohr, Krustrup, and Bangsbo (2003) which found reductions in physical
performances over time in matches. These findings have brought about the speculations of
a biomechanical induction mechanism of non-traumatic ACL injury from fatigue
development through physical exertion by utilizing the side-cutting maneuver to recreate
the biomechanical loading of the ACL in a soccer-specific task execution to enable a
better understanding of the biomechanical limits of the ACL (Greig, 2009; Raja Azidin,
Sankey, Drust, Robinson, & Vanrenterghem, 2015; Sanna & O’connor, 2008) specifically
to match soccer match-play demands.

Several studies have focused on biomechanical changes in gait and posture that follow
soccer match-play exertions. In a shuttle-run-based simulation, Sanna and O’connor
(2008) noted a more extended knee alignment at initial contact (IC) during a side-cutting
maneuver post-fatigue compared to pre-fatigue among female athletes. Using a
match-play simulation on a treadmill, Greig (2009) observed similar changes occurring
among male athletes. However, due to the differences in the nature of the testing
procedures (i.e. participants’ gender, match-play simulation), another study by Raja
Azidin et al. (2015) emerged comparing the changes occurring in the lower limbs from a
treadmill match-play simulation to that of an overground match-play simulation and found
no differences in knee kinematic changes between the two protocols. The study by Raja
Azidin et al. (2015) did, however, note significant differences in physiological responses
to the different match-play simulations proposed to be the result of multidirectional utility
movements utilized in the overground match-play simulation. In another study, Raja
Azidin (2015) also found that the hip angles are noticeably more extended (more erect) at
the end of full time match-play simulation (90 minutes) compared to at the beginning of
the simulation (0 minute).

According to Hashemi et al. (2011), a more extended orientation of the knee and hip at IC
is proposed to be a contributing factor to increased anterior translational force acting on
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the proximal tibia. This force is acts upon the ACL that holds the proximal tibia to the
distal femur. At full knee extension, the tensions acting on the knee increases from both
external tension from the translational force and internal tension from the increased length
of the ACL (Li, Defrate, Rubash, & Gill, 2005; Neumann, 2015). The ACL is also
reported to be elevated thus which has been reported to increase amplify the translational
or shear force from the quadriceps contraction running through the patellar tendon
towards the proximal tibia (Blackburn & Padua, 2008).

The current understanding of kinematic changes in the knee has been explored arguably in
detail, however, to our knowledge, present studies have emphasized more on the dominant
limb as it was reported to be more prone to ACL injury as compared to the nondominant
limb among males (Brophy, Silvers, Gonzales, & Mandelbaum, 2010). Whether or not the
nondominant limb kinematics are as adversely affected by fatigue as the dominant limb is
yet to be uncovered. Hence this study attempts to delve into the investigation on
comparing the kinematic changes of the dominant and nondominant limbs throughout the
development of fatigue induced by soccer match-play exertions.

Methods
Participants

Eighteen recreationally trained male athletes consented to this study. Their mean age,
height, and mass are 23 + 5 years’ old, 1.7 = 0.7 m, and 70 + 10 kg respectively. All
participants attended to at least 1 training day per week, with 1 to 2 training hours per
session. Participants were inquired and admitted to have not suffered any ACL injury or
any other injury on the lower limbs since the previous 6 months. A written informed
consent was obtained from all participants as required by the university ethics committee
for ethical approval to conduct this study.

Experimental design

In a single group, repeated measures design, all participants were instructed to attend to
two separate laboratory sessions. For the first session, the participants attended to a
familiarization session which consisted of a 15-minute simulated soccer match-play
simulation and side-cutting tasks. The actual testing session takes place at least 48 hours
after the familiarization session where the participants were instructed to avoid alcohol,
caffeine and vigorous exercise within 24 hours before the testing. The testing procedure is
preceded by a 15-minute dynamic warm-up session followed by 10 minutes of passive rest
as according to the Fédération Internationale de Football Association (FIFA) standard
match-play procedures. Participants were then required to complete an overground soccer
match-play simulation for 90 minutes interceded by a 15-minute half-time interval. Before
the simulation (0 minute), at the end of the first half (45 minutes), before the second half
(60 minutes) and at the end of the second half (105 minutes) of the simulation, participants
were assessed for knee and hip kinematic markers of ACL injury risk using 5 trials of side
cutting tasks on both the dominant and nondominant limbs.
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During the testing session, all participant was instructed to wear tight-fitting compression
suits and standardized indoor footwear. All participants were required to wear a heart rate
monitor (Polar Heart Rate System, Electro, Finland) and reported ratings of perceived
exertion (RPE, 20-point Borg Scale) for physiological responses monitoring. During the
15-minute, passive half time period, the participants were allowed to drink water.

Soccer match simulation
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Figure 1: The overground simulated soccer match-play. Adapted from Raja Azidin et al. (2015).

The soccer match simulation used in this study is a multidirectional overground soccer
match simulation by 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 et al., 2016) and the physiological loading aspects (Raja
Azidin etal., 2015; Small, Mcnaughton, Greig, & Lovell, 2010). Further description of the
protocol has been published elsewhere (Raja Azidin et al., 2015) and illustrated in Figure
1.

Side-cutting tasks

The side cutting tasks utilized were anticipated in nature and consists of a 45° change of
direction. Cones were placed at 45° of deviation from the runway to apart from floor
markings placed to represent a target gate for exiting the 45° side cutting task. The
dominant limb was defined as the preferred limb to be used when kicking a ball, and this
procedure was standardized for all participants. Side cutting tasks were selected for this
study because of its maneuvers that reflect most reported kinematics and demands of the
lower limb during ACL injury occurrence (Faung & Wulff, 2006; Hawkins et al., 2001,
Mclean, Huang, Su, & Van Den Bogert, 2004). Further reports on the reliability of side
cutting kinematics have also been published elsewhere (Sankey et al., 2015).

Data collection
All side cutting tasks were performed inside a 0.15 x 0.15 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 adjusted
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accordingly to fit the full model of the markers into the recorded display in order to ensure
that the markers were all visible for processing.

Biomechanical model

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

Data and statistical analysis

Paired t-tests were used to compare the pretest (time 0 min) knee and hip angles between
dominant and nondominant limbs to assess the baseline assumption of similar pretest
angles between the two limbs. A 2 (limb: dominant, nondominant) x 4 (time: 0 min, 45
min, 60 min, 105 min) split-plots analysis of variance (SPANOVA) was conducted for
each dependent variable using the Statistical Package for Social Sciences (SPSS v. 23,
IBM, New York, USA). The alpha level was set at 0.05.

Results
Physiological response

The mean heart rates during the simulated soccer match-play exertion (time 5 min to 105
min) was 153 + 10 beats - min™. Heart rates were elevated over time throughout the
simulation (Fsss92 = 23.1, p = 0.000, n? = 0.576) (Figure 11a). Likewise, the mean RPE
(time 5 min to 105 min) was 12 + 2. Rate of perceived exertions were also elevated over
time (Fs_g,se,z = 31.9, p= 0.000, 1’]2 = 0652)

Kinematic response
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Figure 1: Heart rate (a) and RPE (b) changes over time during simulated soccer match-play.
* Denotes a significant difference compared to 0 min.
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A “split-plots” analysis of variance determined that there were significant changes in the
knee and hip extension angles over time (knee: Fs 102 = 4.464, p = 0.005, 2 = 0.116; hip:
Fs.102 = 9.998, p = 0.000, n? = 0.227), however the changes were not influenced by limb
dominance (knee: Fs102 = 0.810, p = 0.491, n? = 0.023; hip: F3102 = 0.334, p=0.801, 2 =
0.010). There were no significant differences in the knee and hip extension angles
between the dominant and nondominant limbs (knee: F134 = 0.026, p = 0.872, n?> = 0.001,
hip: Fi3: = 0.225, p = 0.638, n? = 0.007). Post-hoc tests using Bonferroni correction
procedures revealed that the knee is more extended after a 15-minute passive half time rest
(p = 0.025). The hip is also observed to be more extended after a 15-minute passive half
time rest (p = 0.000) and at the end of the second half of the simulation (p = 0.001).
Therefore, we can speculate that the nondominant limb may be just as similarly
susceptible to ACL injury as the dominant limb following the development of fatigue from
soccer match-play.

Discussion

The primary findings of the present study show that the changes that occur in the knee and
hip extension angles were similar across the dominant and nondominant limbs. All joints
appear to be more erect at IC following fatigue. A 15-minute passive half-time interval did
not influence reductions in the knee and hip extension angles. This finding coincides with
existing literature on the increased risks of ACL injury over the development of fatigue.
However, the aim of this study was to investigate the kinematic changes of the knee and
hip extension angles across limb dominance and will be discussed in the subsections that
follow.

Physiological responses

Heart rate response appeared to increase as a function of exercise duration, suggesting an
overall effect of physiological loading. The mean heart rate response in the simulated
soccer match-play was 153 + 10 beats - min-1. A soccer player’s average heart rate during
match play has been shown to range from 156 to 167 beats.min-1 depending on the level of
the players (Bangsbo, Ngrregaard, & Thorsoe, 1991; Mohr et al., 2003; Thatcher &
Batterham, 2004; Van Gool, Van Gerven, & Boutmans, 1988).). However, the data
presented by these studies were based on the work-rates of professional soccer players
during actual match-play. Since our participants were recreationally trained, their activity
profiles consisted lesser amount of time performing high-intensity activities, and totaling
to the lesser distance covered throughout the match-play simulation.

The rate of perceived exertion was in line with heart rate response during the simulation.
The mean RPE during the simulated soccer match-play was 12 + 2. This result is slightly
lower than previous studies (Nicholas, Nuttall, & Williams, 2000; Raja Azidin et al.,
2015) and we attribute this discrepancy to the lesser amount of lesser amount of time
performing high-intensity activities and distance covered by our participants as compared
to other studies.
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Effects of simulated soccer match-play on knee and hip extension angles

Within-subjects main effects ANOVA findings of this study suggests that the knee and hip
extension angles are aligned in a more erect posture over time compared to a prefatigue
condition (knee: Fs 102 = 4.464, p = 0.005, n? = 0.116; hip: F3102 = 9.998, p = 0.000, n? =
0.227). Furthermore, the changes that occur over time were not influenced by limb
dominance as indicated in the interaction effects results (knee: Fs 102 = 0.810, p=0.491, n?
= 0.023; hip: Fs102 = 0.334, p = 0.801, n? = 0.010). These findings coincide with
observations of the similar manner by Greig (2009) and Raja Azidin et al. (2015). In their
studies, Raja Azidin et al. (2015), used a similar 45° side-cutting task, however, the nature
of the movement was unanticipated compared to our study which utilized an anticipated
side-cut which was similar to that being used by Sanna and O’connor (2008). However,
Sanna and O’connor (2008) did not integrate multidirectional movements in their
simulation as compared to the overground soccer match-play simulation. The study by
Greig (2009) used a 180° agility sprint instead of a 45° side-cut and moreover utilized a
treadmill protocol simulation which only consisted of forwards running.

An extended knee at IC may be caused by the reductions in muscular torque-velocity
relations as speculated by Spendiff, Longford, and Winter (2002) and potentially increase
the intrinsic tension of the ACL (Markolf et al., 1995). Studies by Dai, Herman, Liu,
Garrett, and Yu (2012) and Li et al. (2005) reported a more elevated and deviated ACL
angle in an extended knee, and the mechanism is observed by Yu and Garrett (2007) to be
a factor contributing to increases of ACL strain. This condition combined with an
increased patellar tendon insertion angle and a decreased hamstrings insertion angle
(Blackburn & Padua, 2008) could limit the hamstrings’ ability to neutralize the shear
forces (Pandy & Shelburne, 1997) and cause increases in the tibial anterior translation
forces (Nunley, Wright, Renner, Yu, & Garrett Jr, 2003; Yu & Garrett, 2007).

At the point of contact, the quadriceps and hamstrings synchrony in activation is supposed
to act as a protection mechanism towards the knee (Wojtys, Ashton-Miller, & Huston,
2002) by reducing the ACL loading at most extension angles (Mclean et al., 2005; Pandy
& Shelburne, 1997) which has been observed to have reduced force outputs from soccer
match-play exertions and fatigue (De Ste Croix, Priestley, Lloyd, & Oliver, 2015; Greig,
2008; Raja Azidin, Pykett, Scanlon, Bradburn, Robinson, & Vanrenterghem, 2014; Raja
Azidin et al., 2015; Raja Azidin, Sankey, Robinson, & Vanrenterghem, 2013) and has
been coined to contribute to an increase in injury risk (Hashemi et al., 2011). Furthermore,
an extended knee has also been associated with increased knee valgus and knee adductor
moments (Dai et al., 2012) which has been prospectively studied and identified as
biomechanical risk factor for ACL injury (Hewett, Myer, Ford, Heidt, Colosimo, Mclean,
Van Den Bogert, Paterno, & Succop, 2005).

The extended knee and an erect hip orientation may expose the ACL to detrimental
conditions such as increased anterior translation forces leading to ACL rupture (Hashemi
et al., 2011; Markolf et al., 1995). An extended hip at initial is sought to shift the body’s
center of mass posterior the knee and encouraging a dysynchrony in knee and hip
extensions which leads to a higher tibial anterior translation force from the overwhelming
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ground reaction forces upon IC (Hashemi et al., 2011; Koyanagi, Shino, Yoshimoto,
Inoue, Sato, & Nakata, 2006; Shimokochi, Yong Lee, Shultz, & Schmitz, 2009). The
dysynchrony in the knee and hip extension extensions have been proven to be associative
to the shear forces during landing (Shultz, Nguyen, Leonard, & Schmitz, 2009) and
contribute to the failure of the ACL.

Effects of simulated soccer match-play on dominant and nondominant knee and hip
extension angles

Between-subjects ANOVA findings from our study showed no significant differences in
dominant and nondominant limbs for both knee and hip extension angles (knee: Fi34 =
0.026, p = 0.872, 1> =0.001; hip: F1,34 = 0.225, p = 0.638, n2 = 0.007). All limb extension
angles significantly changed over time and towards a more extended orientation. The
extended knee and hip orientation have been attributed to increases in ACL injury risk as
discussed in the previous section.

Previous researchers have placed much emphasis on the dominant limb kinematics
(Bossuyt, Garcia-Pinillos, Raja Azidin, Vanrenterghem, & Robinson, 2016; Cortes,
Greska, Kollock, Ambegaonkar, & Onate, 2013; Cortes, Quammen, Lucci, Greska, &
Onate, 2012; Lucci, Cortes, Van Lunen, Ringleb, & Onate, 2011; Quammen et al., 2012;
Raja Azidin, 2015; Sanna & O’connor, 2008) following fatigue onset. This was possibly
due to findings from epidemiological studies suggesting that the dominant limb being
more prone to injury than the nondominant limb especially among male athletes (Brophy
et al., 2010). The study by Greig (2009) did look into the kinematics of the nondominant
limb during a 180° agility cut, however, the nature of the observation is arguably crude as
it was observed in the perspective of a supporting limb only and not as the pivoting limb.
Existing literature that did observe the nondominant limb kinematics (Borotikar,
Newcomer, Koppes, & Mclean, 2008; Chappell et al., 2005; Dingenen et. al., 2015a;
Dingenen et al., 2015b; Mclean et al., 2007; Mclean & Samorezov, 2009; Padua et al.,
2015; Paterno et al., 2010) presented discrepancies in data collection methodologies thus
may in explaining the mechanics.

Our findings were similar to the study by Borotikar et al. (2008) who observed no
difference in knee extension angles between the dominant and nondominant limbs. They
did report differences in knee internal rotations between the two limbs while another study
by Mclean et al. (2007) reported that significant differences in peak knee internal rotation
across the two limbs are following fatigue as a main effect of gender. The nature of our
side cutting tasks used during this study was anticipated; whilst Mclean and Samorezov
(2009) highlighted that the fatigue-induced alterations beyond the biomechanical
parameters would be more pronounced in unanticipated maneuvers which is more likely to
be observed as in match-play situations. Therefore, it is important to note, that based on
the findings of this study, we speculate that unlike the proposed limb dominance role
presented by Brophy et al. (2010), the nondominant limb is actually just as susceptible to
acquiring non-traumatic ACL injury as the dominant limb, nevertheless this speculation
should be looked into with great caution and should not be considered as a rejection of the
existing proposal.
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Practical implications

The findings from this study prove that the knees and hips are exposed to increasing risks
of ACL injury over time. With the addition of this study to the existing knowledge,
clinical physicians can prompt for a more cost-effective, field-based approach to injury
screening for athletes prior to team selection. This study also supports the notion that
injury screening procedures should include a sport-specific exertion protocol in between
two tests to observe the nature of the changes in the biomechanical parameters of injury
risks to gain added value and crucial data for more comprehensive interpretations as well
as integrations with proper injury prevention or return to play assessment procedures.

Limitations

The current study revealed that fatigue development from match-play exertions might
cause impairments in the knee and hip extensions during dynamic, pivoting movements
which may lead to increases in ACL injury risk. This study also revealed that the
kinematic changes in the knee and hip extension angles were not influenced by limb
dominance status of the legs. Only the sagittal plane was observed in this study, therefore
the question of whether multidirectional soccer match-play exertions would influence
different changes on the dominant and nondominant limbs cannot be justified solely from
this study. Furthermore, although the current study investigated a full-time match
simulation of 90 minutes excluding the passive half-time interval, FIFA-standard match
durations have repeatedly been extended into two additional extra-time halves summing
up to 120 minutes of soccer match-play time, and the effects of additional exertions from
the added durations are yet to be uncovered.

Conclusion

The findings of the current study have shown that a more erect and extended landing
posture in the knees and hips may be observed throughout the development of fatigue from
simulated soccer match-play exertions (knee: Fs10, = 4.464, p = 0.005, n? = 0.116; hip:
F3102 = 9.998, p = 0.000, n? = 0.227). The extended knees and hips do not, however, reveal
differences between dominant and nondominant limbs (knee: F13, = 0.026, p=0.872, %=
0.001; hip: Fizs = 0.225, p = 0.638, n? = 0.007), suggesting that unlike the current
consensus, the nondominant limbs are actually as much affected as the dominant limbs
from the development of fatigue, with greater fatigue leading to increasing of ACL injury
risk. However further observations are warranted to provide a more comprehensive
understanding of the kinematic impairments in the knees and hips following fatigue
development from a multiplanar perspective.

67



Movement, Health & Exercise, 7(1), 59-72, 2018

References

Alentorn-Geli, E., Myer, G. D., Silvers, H. J., Samitier, G., Romero, D., Lazaro-Haro, C.,
& Cugat, R. (2009). Prevention of non-contact anterior 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.

Bangsbo, J., Ngrregaard, L., & Thorsoe, F. (1991). Activity profile of competition soccer.
Canadian Journal of Sport Sciences, 16(2), 110-116.

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

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),
313-3109.

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

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.

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

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.

Chappell, J. D., Herman, D. C., Knight, B. S., Kirkendall, D. T., Garrett, W. E., & Yu, B.
(2005). Effect of fatigue on knee kinetics and kinematics in stop-jump tasks. American
Journal of Sports Medicine, 33(7), 1022-1029.

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.

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.

68



The effects of a 90-minute simulated soccer match-play

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

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

De Ste Croix, M., Priestley, A. M., Lloyd, R. S., & Oliver, J. (2015). Acl injury risk in elite
female youth soccer: Changes in neuromuscular control of the knee following
soccer-specific fatigue. The Scandinavian Journal of Medicine & Science in Sports,
25(5), €531-e538.

Dingenen, B., Malfait, B., Nijs, S., Peers, K. H., Vereecken, S., Verschueren, S. M., &
Staes, F. F. (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.

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.

Donnelly, C., Elliott, B., Ackland, T., Doyle, T., Beiser, T., Finch, C., Cochrane, J. L.,
Dempsey, A. R., & Lloyd, D. G. (2012). An anterior cruciate ligament injury
prevention framework: Incorporating the recent evidence. Research in Sports
Medicine, 20(3-4), 239-262.

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

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

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.

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

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

69



Movement, Health & Exercise, 7(1), 59-72, 2018

Hawkins, R. D., Hulse, M. A., Wilkinson, C., Hodson, A., & Gibson, M. (2001). The
associated football medical research programme: An audit of injuries in professional
football. The British Journal of Sports Medicine, 35, 43-47.

Hewett, T. E., Myer, G. D., Ford, K. R., Heidt, R. S., Colosimo, A. J., Mclean, S. G., van
den Bogert A. J., Paterno M. V., & Succop, P. (2005). Biomechanical measures of
neuromuscular 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.

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

Li, G., Defrate, L. E., Rubash, H. E., & Gill, T. J. (2005). In vivo kinematics of the acl
during weight-bearing knee flexion. The Journal of Orthopaedic Research, 23(2),
340-344.

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.

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

Mclean, S. G., Felin, R. E., Suedekum, N., Calabrese, G., Passerallo, A., & Joy, S. (2007).
Impact of fatigue on gender-based high-risk landing strategies. Journal of Medicine
and Science in Sports and Exercise, 39(3), 502.

Mclean, S. G., Huang, X., Su, A., & Van Den Bogert, A. J. (2004). Sagittal plane
biomechanics cannot injure the acl during sidestep cutting. Journal of Clinical
Biomechanics, 19(8), 828-838.

Mclean, S. G., Huang, X., & Van Den Bogert, A. J. (2005). Association between lower
extremity posture at contact and peak knee valgus moment during sidestepping:
Implications for acl injury. Journal of Clinical Biomechanics, 20(8), 863-870.

Mclean, S. G. & Samorezov, J. E. (2009). Fatigue-induced acl injury risk stems from a
degradation in central control. Journal of Medicine and Science in Sports and
Exercise, 41(8), 1661-1672.

Mohr, M., Krustrup, P., & Bangsbo, J. (2003). Match performance of high-standard soccer

players with special reference to development of fatigue. The Journal of Sports
Sciences, 21(7), 519-528.

70



The effects of a 90-minute simulated soccer match-play

Neumann, D. A. (2015, March 18). Knee. Rheumatology. Retrieved February 28, 2017,
from http://clinicalgate.com/knee-5/

Nicholas, C. W., Nuttall, F. E., & Williams, C. (2000). The loughborough intermittent
shuttle test: A field test that simulates the activity pattern in soccer. The Journal of
Sports Sciences, 18(2), 97.

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.

Padua, D. A., Distefano, L. J., Beutler, A. |., De La Motte, S. J., Distefano, M. J., &
Marshall, S. W. (2015). The landing error scoring system as a screening tool for an
anterior cruciate ligament injury—prevention program in elite-youth soccer athletes.
Journal of Athletic Training, 50(6), 589-595.

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.

Paterno, M. V., Schmitt, L. C., Ford, K. R., Rauh, M. J., Myer, G. D., Huang, B., &
Hewett, T. E. (2010). Biomechanical measures during landing and postural stability
predict second anterior cruciate ligament injury after anterior cruciate ligament
reconstruction and return to sport. American Journal of Sports Medicine, 38(10),
1968-1978.

Quammen, D., Cortes, N., Van Lunen, B. L., Lucci, S., Ringleb, S. I., & Onate, J. (2012).
Two different fatigue protocols and lower extremity motion patterns during a
stop-jump task. Journal of Athletic Training, 47(1), 32-41.

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

Raja Azidin, R. M. F., Pykett, J., Scanlon, E., Bradburn, H., Robinson, M., &
Vanrenterghem, J. (2014). The effects of soccer match simulation on functional
hamstring to quadriceps ratio and peak knee abduction moments in side cutting.

Raja Azidin, R. M. F., Sankey, S., 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

Raja Azidin, R. M. F., Sankey, S., Robinson, M. A., & Vanrenterghem, J. (2013).

Treadmill versus overground soccer-specific fatigue: The effect on hamstring and
quadriceps strength and frontal plane peak knee joint moments in side-cutting.

71


http://clinicalgate.com/knee-5/

Movement, Health & Exercise, 7(1), 59-72, 2018

Sankey, S. P., Azidin, R. M. F. R., Robinson, M. A., Malfait, B., Deschamps, K.,
Verschueren, S., Staes, F., & Vanrenterghem, J. (2015). How reliable are knee
kinematics and kinetics during side-cutting manoeuvres? Gait & Posture, 41(4),
905-911.

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.

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 ligament injury prevention. Journal of Athletic Training, 44(1),
33-38.

Shultz, S. J., Nguyen, A.-D., Leonard, M. D., & Schmitz, R. J. (2009). Thigh strength and
activation as predictors of knee biomechanics during a drop jump task. Journal of
Medicine and Science in Sports and Exercise, 41(4), 857.

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.

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.

Spendiff, O., Longford, N., & Winter, E. (2002). Effects of fatigue on the torque-velocity
relation in muscle. The British Journal of Sports Medicine, 36(6), 431-435.

Thatcher, R. & Batterham, A. M. (2004). Development and validation of a sport-specific
exercise protocol for elite youth soccer players. The Journal of sports medicine and
physical fitness, 44(1), 15.

Van Gool, D., Van Gerven, D., & Boutmans, J. (1988). The physiological load imposed on
soccer players during real match-play. In Science and Football (edited by T. Reilly, A.
Lees, K. Davids and W.J. Murphy), pp. 51-59. London: E & FN Spon.

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.

Woijtys, E. M., Ashton-Miller, J. A., & Huston, L. J. (2002). A gender-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.

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

72



