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Abstract: Injury prevention plays an important role in modern sport. The most commonly injured joint in male and female
football players is the knee joint. It has been reported that approximately 60-85% of football injuries occur in the lower
limbs. The aim of this study is to present the methods of biomechanical assessment of lower limbs joint loading during spe-
cific tasks (single leg squat (SLS) and single leg landing (SLL)). In this experimental setup, Qualisys Tracking Motion sys-
tem synchronised with AMTII force plates embedded into the floor was used. The marker setup Salford Lower Limb model
was used to track pelvis and lower body movements. By analysing biomechanical parameters (range of motion, internal
moments, power, ground reaction forces) in all three planes it is possible to identify the structures and the imbalances of
the lower extremity that need intervention and further decrease the possibility of injury to the knee and to evaluate an ap-
propriate moment of return to play. This method showed a very high reproducibility and it can be considered as a reliable
tool in assessing lower limb performance tasks.
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INTRODUCTION

Football is the most popular sport worldwide. Football consists of the movements in three-dimensional space
and they require speed, agility, power and endurance (Fraude et al., 2013). Most football players possess the athletic
abilities to perform these movements, however the risk of injury, contact and non-contact, is constantly present. It
has been reported that approximately 60-85% of football injuries occur in the lower limbs (Inklaar, 1994). The most
commonly injured joint in male and female football players is the knee. There has been a lot of research regarding
knee injuries in female football players but not as much on the male football players (Weiss & Whatman, 2015). By
analysing the performance for a given task using biomechanics, it might be possible to identify the structures of the
lower extremity that need intervention and further decrease the possibility of injury to the knee as the most com-
mon injured joint. FIFA conducted a survey in 2006 which concluded that about 265 million people were playing
football worldwide. As suspected, that also comes with injuries although some aspects of playing football can be
very beneficial to people’s health both physically and psychologically. However, because the injury rate is so high,
playing football could also have a negative impact on the quality of life of players as well as long term consequences
(Lohmander et al., 2004). It has been found that knee injuries are thought to be more severe in nature as well as more
costly in comparison to other injury sites (Weiss, & Whatman, 2015). Due to high number of people playing football,
the demand of injury prevention programs is high. A lot of research has been done investigating football injuries and
a few factors have been established, e.g. approximately half of the injuries occur during player-to-player contact and
the other half occurs during running, shooting, turning and heading (Rahnama et al., 2002). However, there is still a
lot of information missing from the field. The ACL’s primary function is to prevent the tibia from moving too far in
front of the femur (Volpi, 2006 & Friel & Chu, 2013). The ligament originates on the medial side posteriorly on the
lateral epicondyle of the femur. Anterior cruciate ligament tears are one of the most serious injuries an athlete can be
exposed to (Roos et al., 1995). ACL ligament tears in men have not been researched enough (Silvers-Granelli et al.,
2017). Moreover, there has been a lot of research and there is an extensive knowledge on ACL ligament tears in the
female population. Knee injuries are very common in football, specifically anterior cruciate ligament tears or ACL as
well as Patellofemoral pain syndrome or PFPS are reported to be the most common knee injuries (Weiss & Whatman,

34 WWww.siz-au.com



Miros PETROVIC:
Lower LivBs JOINT LOADING — CASE STUDY SpORTS SCIENCE AND HEALTH 9(1):34-37

2015). The mechanisms of ACL injuries have been investigated quite a lot, however most of the research that has
been carried out is regarding females since ACL tears are more common in females than males. In Weiss and What-
man’s systematic review from 2015 it was found that increased abduction loading, and shallow knee flexion angles
are the most common biomechanical variables associated with an ACL injury (Markolf et al., 1995; 1990). When an
individual with excessive abduction movement in the knee performs a dynamic knee abduction, too much strain is put
on the medial collateral ligament, medial patellofemoral ligament and the anterior cruciate ligament (Weiss & What-
man, 2015). Running, changes of direction, landing after a jump, pivoting on a planted foot, and cutting movements
combined with deceleration are the movements that contribute most to ACL injuries. Small knee flexion during land-
ing leads to a higher knee frontal plane loading and therefor increases the risk of injury to the ACL (Myer et al., 2011).
It is possible that the biomechanics of the hip also contribute to ACL injuries (Weiss & Whatman, 2015). ACL injuries
have been linked to excessive hip flexion among other factors. Since the hamstrings extend the hip and the quadriceps
flexes the hip. It is possible that the hamstring strength decreases, and the activation of quadriceps increases the hip
flexion and therefor decreases the flexion in the knee resulting in an increased risk of ACL injury. It aims to enhance
lower limb alignment and landing techniques trying to avoid putting valgus load on the knee during movements.

The single leg squat (SLS) and single leg landing (SLL) manoeuvres are frequently used tasks to assess lower
alignment (Herrington, 2014, Nakagawa et al., 2012, Willy and Davis, 2011). Both tests have biomechanical and neu-
romuscular similarities to a wide range of athletic movements and thus are involved in rehabilitation programmes of
different sports designed to prevent injuries and enhance athletic performance (Alenezia et al., 2014, 2016). Develop-
ment of the technology and use of motion capture systems in everyday clinical and sport scientific practise help to use
different tests as the screening tools. The main difference between these two tests is that the SLL involves flight phase
and provides better understanding of dynamic control of the movement. These tests were developed predominantly
as the tests for the knee screening assessment in different groups with pathological symptoms, mostly linked to the
patellofemoral pain (Carry et al., 2017; Herrington 2014; Levinger et al., 2017; Nakagawa et al., 2012).

The aim of this paper is to provide better understanding and rationale of biomechanical test as a successful tool
for investigating asymmetries in lower limbs loading as a reliable measurement for the injury prevention screening
and return-to-play estimation time. For the purpose of presenting this research, presented trials are collected from one
semi-professional football player.
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o Figure 1. Salford lower body marker set up
five successful repetitions of each task.
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Data analysis

Biomechanical parameters (range of motion, internal moments, power, ground reaction forces) were calculated
from the kinematic data using Visual 3D software. Joint kinematic angles were processed using an X—Y-Z Euler
rotation sequence, where X equals flexion extension, Y abduction-adduction, varus-valgus and Z internal-external ro-
tation. Joint kinetic data were calculated using three-dimensional inverse dynamics, and joint moment data were nor-
malised to body mass and presented as external moments referenced to the proximal segment (Alenezia et al., 2014).
Initial contact was defined as the instant after ground contact, when the vertical ground reaction force (GRF) was
higher than 15 N, while the end of contact was defined as the point when the knee joint reaches its maximal flexion.
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Figure 2. Kinematic and kinetic data from single leg landing.

Discussion and conclusion

In this paper, we have shown a rationale and a novel method of using biomechanical, functional tests in order
to provide a current profile of musculo-skeletal system and its adaptation during loading of the lower limbs. The pre-
sented results showed significant differences in ankle flexion between left and right limb during single leg landing.
The reason for this might be decreased ability of ankle joint to sustain GRF upon landing. In the preliminary data
analysis, this pattern was observed in athletes with previous history of ankle injuries or reduced strength of plantar
flexors. Participant in this study displayed an altered, stiffer kinematic landing strategy and related alterations in lan-
ding kinetics, which might predispose for episodes of giving way and actual ankle sprains. Observing results from
each individual player can help physical therapists and strength and conditioning coaches to understand the nature of
the movement and to work on segmental development that are weak and unstable. This protocol has the advantage of
offering improved anatomical relevance as it attempts to reduce skin movement artefacts by attaching cluster markers
to the centre of segments rather than single markers on the joints, as in the Helen Hayes model (Alenezia et al., 2016).
These results can only apply to certain laboratory settings and models, along with an individual’s ability to place mar-
kers, which could affect the results obtained in other laboratories. It must be acknowledged that there may be diffe-
rences between the laboratory environment and the actual performance of study tasks. The novelty of this research is
that these tests can be used in both clinical and sport population in order to investigate potential asymmetries within
limbs in dynamic and static activities and a chronic ankle and knee stability. Including EMG in this setup allows to
investigate muscle activity and muscle activation pattern. Data obtained with EMG can indicate certain pattern how
the muscles trigger during different phases of the movement and might show the differences during the rehabilitation
process or implementation of new methods for developing strength and joint stability.

The single leg squat is often used as a tool to assess movement due to its perceived relationship to functional
movement, yet the relationship between it and more dynamic tasks must be explored and considered (Warner et al.,
2019)
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Fast development of sport science and physiotherapy provides a massive base of different screening/functional
tests and return-to-play test. Practice has shown that the single leg squat and single leg landing can be used as a relia-
ble method to estimate loading of lower limbs. Limitation of this research is that more advanced biomechanical setup
is needed for conducting these measurements.
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