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ABSTRACT

Single Leg Squat (SLS) is a commonly used clinical assessment of lower
limb function and a common motion in sports (i.e., running, landing from jumps,
stepping) and daily activity (i.e., gait). SLS is used to evaluate Dynamic Knee
Valgus (DKV) which can be applied to identify a potential risk factor for injury, a
predictor for recovery and an outcome measure of rehabilitation. Moreover, females
showed greater risks of knee injury compared to males due to DKV. Many clinical
biomechanical tests such as drop-jump, star excursion balance, functional
movement screen (FMS) and SLS tests were proposed to assess the risk of lower
limb injuries. Hence, by studying the differences of knee mechanics during SLS
among physically active females with and without excessive DKV, we may identify
important biomechanical factors which could be trained to reduce risks of lower
limb injury. This current study evaluated the knee kinematics during SLS at squat
depth of 45°and 60° among physically active females (i.e., runner, volleyball and
netball) with or without DKV. Thirty participants went through the Drop Vertical
Jump (DVJ) screening test to confirm their eligibility to participate in the study.
The two-dimensional (2D) frontal plane projection angle (FPPA) of the knee joint
of dominant leg was evaluated from this screening test. This was done to observe
the presence of excessive DVJ. The normal value of FPPA for females during DVJ
test is from the range of 7 °- 13°. From the screening test, 12 participants were within
the normal range of knee FPPA (i.e., Group non-DKV) and 12 participants had
exceeded the normal range of knee FPPA during DVJ screening test (i.e., Group
DKYV). Six participants were excluded from this study due to not meeting the

inclusion criteria of having knee FPPA value within 7°- 13°. The knee FPPA for



these six participants were lesser than 7° (i.e., varus knee). Hence the total number
of study participants are N=24. The two groups were compared and analysed using
Independent T-Test. Independent T-Test was used to know if there were any
significant differences across the depths of the squat and groups. Based on the test,
there were no significant differences in the knee frontal plane angle during single
leg squat at 45%and 60° knee flexion for dominant and non-dominant legs among
physically active females with and without excessive DKV. By performing these
tests, two-dimensional (2D) kinematic analysis of knee FFPA may help coaches
and other professionals to detect asymmetries between dominant and non-dominant
limbs, and to develop training programs with the goal of reducing overall lower

extremity injury risk.
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ABSTRAK

“Single Leg Squat” (SLS) adalah penilaian klinikal yang biasa digunakan untuk
fungsi anggota bahagian bawah dan gerakan umum dalam sukan (iaitu, berlari,
mendarat, melangkah) dan aktiviti harian (iaitu, berjalan). SLS digunakan untuk
menilai “Dynamic Knee Valgus" (DKV) yang boleh digunakan untuk mengenal
pasti faktor risiko yang berpotensi untuk kecederaan, prediktor untuk pemulihan
dan langkah pemulihan. Selain itu, wanita menunjukkan risiko kecederaan lutut
yang lebih besar berbanding lelaki kerana DKV. Banyak ujian biomekanik klinikal
seperti “drop-jump”, “star excursion balance”, “functional movement screen”
(FMS) dan ujian SLS dicadangkan untuk menilai risiko kecederaan anggota
bahagian bawah. Oleh itu, dengan mengkaji perbezaan mekanik lutut semasa SLS
di kalangan wanita yang aktif secara fizikal dengan dan tanpa DKV yang
berlebihan, kita boleh mengenal pasti faktor-faktor biomekanik yang penting yang
boleh dilatih untuk mengurangkan risiko kecederaan anggota badan yang lebih
rendah. Kajian terkini ini telah menilai kinematik lutut semasa SLS pada kedalaman
setinggan 45° dan 60° di kalangan wanita yang aktif secara fizikal (iaitu, pelari,
pemain bola tampar dan pemain bola jaring) dengan atau tanpa DKV. Tiga puluh
peserta menjalani ujian skrining Drop Vertical Jump (DVJ) untuk mengesahkan
kelayakan mereka untuk mengambil bahagian dalam kajian ini. Dua dimensi (2D)
:Frontal Plane Projection Angle” (FPPA) dari sendi lutut kaki dominan telah dinilai
dari ujian skrining ini. Ujian ini telah dilakukan untuk memerhatikan kehadiran DVJ
yang berlebihan. Nilai normal FPPA untuk perempuan semasa ujian DVJ adalah
dari julat 7°- 13", Dari ujian skrining, 12 peserta berada dalam lingkungan normal
lutut FPPA (iaitu, Kumpulan bukan DKV) dan 12 peserta telah melebihi jangkauan

normal lutut FPPA semasa ujian skrining DVJ (iaitu, Kumpulan DKV). Enam

Xii



peserta dikecualikan daripada kajian ini kerana tidak memenuhi kriteria inklusi -
FPPA lutut untuk enam peserta ini kurang daripada 7 ° (iaitu, lutut varus). Oleh itu
jumlah peserta kajian adalah N = 24. Kedua-dua kumpulan itu telah dibandingkan
dan dianalisis menggunakan “Independent T-Test”. “Independent T-Test”
digunakan untuk mengetahui sama ada terdapat perbezaan yang ketara di sebalik
kedalaman cangkung dan kumpulan. Berdasarkan ujian itu, terdapat bahawa tiada
perbezaan signifikan dalam sudut satah lutut pada kaki persendian kaki pada 45°
dan 60°yang dominan dan tidak dominan di kalangan perempuan yang aktif secara
fizikal dengan dan tanpa DKV yang berlebihan. Dengan melakukan ujian-ujian ini,
analisis kinematic dua dimensi (2D) FFPA lutut, ujian ini boleh membantu jurulatih
dan profesional lain untuk mengesan asimetri antara anggota yang dominan dan
tidak dominan serta untuk membangunkan program latihan dengan matlamat untuk
mengurangkan risiko kecederaan anggota badan bahagian bawah secara

keseluruhannya.
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CHAPTER 1

INTRODUCTION

1.1 Background of the study

Dynamic knee valgus (DKV) is an abnormal movement pattern visually
characterised by excessive medial collapse of the lower extremity during weight
bearing (Schmidt et al, 2017). Excessive DKV or inward movement of the knee
due to the altered kinematics of hip and ankle joints (Munro, et al, 2012) is an
important aspect being observed during Single-Leg Squat (SLS) test (Kianifar et
al, 2017). Furthermore, excessive DKV was consistently reported to cause non-
contact lower limb injuries such as Anterior Cruciate Ligament (ACL) tear and
Patellofemoral Pain Syndrome (PFPS) (Herrington, 2014; Kristianslund et al,
2014; McLean et al, 2005; Hewett et al., 2005; McLean et al., 2005; Malinzak et
al, 2001). Non-contact injuries usually occur during cutting, pivoting, landing, and
sudden deceleration prior to direction changes in sports (Powers, 2010).
Therefore, DKV is a crucial biomechanical factor to be assessed during screening
tests. The normal average two-dimensional (2D) knee FPPA during landing from
Drop Vertical Jump (DVJ) is 7°-13° for females (Munro et al., 2012) indicating
the normal values for DKV and exceeding it will be considered excessive DKV.
DVJ is the screening test that we conducted to identify our participants as those

with normal or excessive DKV.

Many clinical biomechanical tests such as drop-jump (Hewett et al., 2005),

star excursion balance (Hegedus et al., 2016), functional movement screen (FMS)



(Everard et al, 2017) (Smith et al, 2017) and SLS ( Munro et al., 2012; Schurr et
al., 2017) tests were proposed to assess the risk of lower limb injuries. The SLS
is a functional test commonly used to evaluate abnormal movement patterns of the
lower limbs in terms of kinetic chain or co-ordinating muscle activity (Gianola, et
al, 2017). This scale accounts for the assessment of five dimensions: overall
impression, trunk posture, pelvis alignment, hip joint motion and knee join
(Gianola et al., 2017). This test is favoured by clinicians as it has relevance as a
surrogate for higher functional activities such as running and jumping. The SLS is
potentially promising as a functional test since it involves both daily activity and

athletic task and showed good validity and reliability (Gianola et al., 2017).

Females showed higher prevalence of ACL injury than males, and they
exhibit excessive hip adduction, hip internal rotation and knee valgus (Barker-
Davies et al., 2018). Furthermore, females have been found to land in more knee
valgus position during single leg step landing (Russell et al, 2006) and double leg
drop jump (Ford, et al, 2003; Hewett et al., 2005). Excessive DKV is believed to
explain the higher incidence of ACL injury and PFPS in females (Cowan &
Crossley, 2009) and (Herrington & Munro, 2010). However, knee valgus
alignment on SLS has also been associated with other trainable deficits such as
reduced flexibility and strength (Barker-Davies et al., 2018). These modifiable risk
factors are amenable to physical therapy that could result in improved outcomes.
Correcting excessive knee valgus on the SLS in PFPS has associated decreases in
pelvic obliquity, hip adduction and internal rotation and pain (Barker-Davies et
al., 2018). Neuromuscular training for four weeks improved quality of SLS, pain

and function in single leg squat deficits and these improvements were maintained
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at three months follow up (Barker-Davies et al., 2018). Hence, by studying the
differences of knee mechanics during SLS among physically active females with
and without excessive DKV, we may identify important biomechanical factors

which could be trained to reduce risks of lower limb injury.

To the best of our knowledge, knee kinematics during SLS across those with
and without DKV have not been studied. Hence, current study evaluates the knee
kinematics during SLS at squat depth of 45° and 60° among physically active

females with or without DKV.

1.2 Problem Statement

SLS is a commonly used clinical assessment of lower limb function and a
common motion in sports (i.e., running, landing from jumps, stepping) and daily
activity (i.e., gait). The SLS is used to evaluate DKV which can be applied to
identify a potential risk factor for injury, a predictor for recovery and an outcome
measure of rehabilitation. Moreover, females showed greater risks of knee injury
compared to males due to DKV. However, to the best of our knowledge, no studies
have compared knee mechanics during SLS among physically active females with
and without excessive DKV. Through observing the variations in knee mechanics
during SLS between physically active females with and without excessive DKV,
we can recognize essential biomechanical factors that can be trained to reduce the

risks of lower limb injuries.



1.3 Significance of the Study

Prevention and intervention have become a priority for researchers and
clinicians, therefore screening for injury risks is warranted. SLS is a clinical test
that may assess the risk of lower limb injuries. Poor dynamic alignment such as
excessive trunk lateral flexion, pelvic drop, hip adduction and internal rotation,
knee internal or external rotation and foot hyper pronation which affected knee
valgus could be evaluated from SLS (Dingenen et al, 2014). The objectives of this
current study are to study the knee kinematics during SLS with or without DKV
in physically active females. Participants will gain information regarding their
risks for lower limb injury, and knee mechanics through participation in the study.
This information will increase their awareness about the risk of injuries and they
may take preventive actions. Findings from this study may provide the exposure
of occurring dynamic knee valgus of the individual and how it may affect their
knee kinematics during SLS in physically active females. Moreover, this study
may benefit the participants by reducing their risk of injuries, which may be costly

in terms of money, time and psychological.



1.4 Objectives of the Study

1.4.1 General Objectives
To compare the knee kinematics during single leg squat at 45° and 60° among

physically active females with or without dynamic knee valgus.

1.4.2 Specific Objectives

1. To compare knee kinematics during single leg squat at 45° among
physically active females with or without dynamic knee valgus.
2. To compare knee kinematics during single leg squat at 60° among

physically active females with or without dynamic knee valgus.

1.5 Hypothesis of the Study

Specific Objective 1: To compare knee kinematics during single leg squat at 45°

with or without dynamic knee valgus in physically active females.

Null Hypothesis (Ho1): There are no significant differences of knee kinematics
during single leg squat at 45 °with or without dynamic knee valgus in physically

active females.

Alternative Hypothesis (Ha1): There are significant differences of knee
kinematics during single leg squat at 45° with or without dynamic knee valgus

in physically active females.



Specific Objective 2: To compare knee kinematics during single leg squat at 60°

with or without dynamic knee valgus in physically active females.

Null Hypothesis (Ho2): There are no significant differences of knee kinematics
during single leg squat at 60 °with or without dynamic knee valgus in physically

active females.

Alternative Hypothesis (Ha2): There are significant differences of knee
kinematics during single leg squat at 60 ° with or without dynamic knee valgus

in physically active females.



1.6 Operational Definition

Table 1.1 : Operational Definitions

Abbreviations

Operational Definitions

Physically Active

Participants must participate actively in
sports and train for at least three times per

week.

Female Athletes

30 physically active female university
athlete students age between 19-25 years
old and free from any lower limb injuries
at the time of data collection and six
months prior will be encouraged to take

part in this study.

Dynamic Knee Valgus

Dynamic knee valgus is a kinetic chain
motion whereby excessive frontal and
transverse plane motions at the hip cause
medial motion of the knee joint, tibia

abduction, and foot pronation.

For normal group, participants must have
normal values of 2D knee FPPA (Frontal
Plane Projection Angle) during DVJ]
(Drop Vertical Jump) screening test

which is 7°-13° for females.




For dynamic knee valgus group,
participants must exceed the normal
values of 2D knee FPPA during DVJ
screening test which is more than 13° for

females.

Knee Kinematics

Knee angles in three planes (i.e., frontal,
sagittal and transverse) are compared at
the squat depth of 45° and 60° during

SLS trials.




CHAPTER 2

LITERATURE REVIEW

2.1 Dynamic Knee Valgus

Dynamic Knee Valgus (DKV) is known not only as frontal plane movement
(i.e., hip adduction, knee abduction and ankle eversion), but also horizontal plane
movement (i.e., femoral internal rotation and tibial internal or external rotation)
(Figure 2.1). During complex knee valgus motions, there are no consensus on the
course of tibial rotation although ankle and foot kinematics will significantly
affect tibial rotation. Ankle eversion induces tibial internal rotation and potentially
tibial internal and external rotations of the foot through the ankle joint (Ishida, et

al 2014).

Figure 2.1 Dynamic valgus was defined as the position or motion, of the distal femur toward and

distal tibia away from the midline of the body (adopted from (Hewett et al., 2005)

Excessive knee valgus has been shown to be related to diminished hip

muscle strength and has been implicated in contributing to numerous knee



injuries, including ACL injury and patellofemoral joint dysfunction (Powers,
2010). Furthermore, excessive DKV was consistently reported to cause non-
contact lower limb injuries such as ACL tear and PFPS making it a crucial
biomechanical factor to be assessed during screening tests (Herrington, 2014;
Kristianslund et al., 2014; McLean et al., 2005; Hewett et al., 2005; Malinzak et
al., 2005). Abnormal lower limb biomechanics during activity, such as excessive
DKV has been widely postulated as a factor in the aetiology of both traumatic and
overuse knee injury (Munro et al., 2012). Non-contact injuries usually occur
during cutting, pivoting, landing, sudden deceleration prior to direction changes

in sports and in any position and motion (Powers, 2010).

3D motion analysis is the gold standard for recording and analysing
dynamic motion. Additionally, 2D knee FPPA during DVJ test among 20
recreationally active university students showed good within-day and between-
days reliability (Munro et al., 2012). Majority of lower limb kinematic variables
showed good and excellent reliability for within-day and between-days in five
lower extremity functional screening tests among 25 participants (Whatman et al.,
2011). Therefore, in this study, we applied 2D motion capture for DVJ screening

test, and then we proceeded with 3D motion capture for SLS.

Excessive hip adduction and internal rotation during weight bearing has the
potential to affect the kinematics of the entire lower extremity (Powers, 2010).
Specifically, excessive hip adduction and internal rotation can cause the knee joint
centre to move medially relative to the foot. This is because the foot is fixed to the

ground, thus the inward movement of the knee joint causes the tibia to abduct and
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