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Abstract 
Background: The Single Leg Squat (SLS) test is a functional test widely used in clinical 
settings to examine and evaluate rehabilitation goals. Research indicates that the SLS is 
reliable when the knee relative to the foot is dichotomously assessed. However, the 
assessment of functional movements often comprises more complex analyses of the 
whole kinetic chain with several body segments which highlights the need to develop 

and test a standardised multi-segmental SLS. Movement quality is an important aspect 
when using prevention programs in the clinical context, and the SLS can be used for this 
purpose. As knee injuries are common among athletes and especially among female 
soccer players, further investigation of the SLS in this population is warranted. Overall, 
the development of both quantitative and qualitative measurements needs to be 
studied to improve clinical testing. Clinically, portable marker-less motion capture 

(MMC) systems are suggested to be an adequate substitute for a three-dimensional 
analysis system, and one such novel MMC system is the QinematicTM. Before a test such 
as the SLS, or any other new measurement instrument, can be used in clinical settings, it 

is important to explore its measurement properties.  

Aim: The overall aim of this thesis was to develop and assess aspects of reliability and 
validity of the SLS among physically active people, and from a biopsychosocial 
perspective investigate factors associated with the SLS in a sample of female soccer 

players.  

Methods: Study I was a systematic review and meta-analysis that investigated the 
current literature regarding the intra- and inter-rater reliability of visually assessed SLS, 
including the Forward Step-Down (FSD) and Lateral Step-Down (LSD) tests. Study II was 
a laboratory-based test-retest reliability and validity study of a three-dimensional MMC 

system, the QinematicTM. Study III was an intra- and inter-rater reliability study of a 
standardised multi-segmental SLS developed from the findings in Study I. Study IV was 
a cross-sectional observational study using linear regression models to explore if 
demographic and biopsychosocial factors associated with the outcome of the SLS, 
assessed as a total score for all segments and as a separate knee segment in a sample 

of elite and sub-elite female soccer players. An additional analysis investigated the 

possibility of the SLS to discriminate injured soccer players from non-injured players.  

Results: In Study I, the pooled results of ICC/kappa showed a “moderate” agreement for 
inter-rater reliability and a “substantial” agreement for intra-rater reliability of the SLS, 

including the FSD and LSD. In Study II, the QinematicTM showed “substantial relative 
reliability” but “poor absolute reliability”. Regarding validity, a “moderate” agreement 
between the visual assessment and Qinematic™ data for various knee angles was shown 
and the best discriminative ability of the SLS was found at a knee angle of 6°. In Study III 
the proposed multi-segmental SLS showed a “moderate” inter-rater reliability and an 



“almost perfect” intra-rater reliability. In Study IV, the outcome of the SLS was 

associated with previous injuries and various demographic-, biomechanical- and 
psychosocial factors depending on the tested leg. The total score associated with hip 
strength for both the dominant and the non-dominant leg, and the knee segment 
associated with division inherency for both the dominant and non-dominant leg.  
The additional analysis showed that the SLS was not able to discriminate between 

players with and without previous or present injuries.  

Conclusion: The SLS seems to be a reliable and clinically useful multi-segmental test of 
movement quality in contrast to the QinematicTM system. The SLS was, in a sample of 

female elite and sub-elite soccer players, associated with a variety of biopsychosocial 
factors when assessed as a total score or as a separate knee segment. The results imply 
that several factors need to be considered when assessing the SLS among female 
soccer players such as leg dominance, division inherency, hip strength, and 

psychosocial factors. 

  



 

 

Abstrakt 
Bakgrund: Enbensknäböj testet, vilket i den engelsktalande litteraturen benämns som 
the Single Leg Squat (SLS) test, är ett vanligt förekommande funktionellt rörelsetest 

vilket bland annat används till att undersöka, träna och utvärdera rörelsekvalité. 
Forskning visar på att SLS kan bedömas på ett reliabelt sätt när knäts position i 
förhållande till foten bedöms som klarar/klarar inte. Bedömningen av funktionella rörelser 
omfattar dock ofta mer komplexa bedömningar av flera olika rörelsesegment i hela 
kinetiska kedjan vilket belyser behovet av att utveckla ett standardiserat 

multisegmentellt SLS. Bedömning och träning av rörelsekvalitet är en viktig aspekt i olika 
skadeförebyggande rörelseprogram och för detta ändamål passar SLS väl. Eftersom 
knäskador är vanliga bland idrottare och särskilt bland kvinnliga fotbollsspelare, är 
ytterligare forskning av SLS motiverat i denna population. För att förbättra den kliniska 
bedömningen av rörelsekvalité finns ett behov av att undersöka och utveckla både 
kvantitativa och kvalitativa mätmetoder. Som ett substitut till opraktiska och kostsamma 

tredimensionella rörelseanalyssystem har bärbara markörlösa rörelsesystem föreslagits, 
och ett sådant system är QinematicTM. Innan ett test som SLS, eller något annat nytt 
mätinstrument, kan användas i den kliniska vardagen är det viktigt att utforska dess 

mätegenskaper. 

Syfte: Det övergripande syftet med denna avhandling var att utveckla och bedöma olika 
aspekter av reliabilitet och validitet för SLS hos fysiskt aktiva människor, samt ur ett 
biopsykosocialt perspektiv undersöka vilka faktorer som associerar med SLS ett urval av 

kvinnliga fotbollsspelare. 

Metoder: Studie I var en systematisk översikt och meta-analys vilken undersökte 
litteraturen vad gäller intra- och interbedömmar reliabiliteten för ett visuellt bedömt SLS, 
inklusive Forward Step-Down (FSD) testet och Lateral Step-Down (LSD) testet.  
Studie II var en reliabilitets- och validitetsstudie av ett markörlöst tredimensionellt 

rörelseanalys system, QinematicTM. Studie III var en intra- och interbedömmar 
reliabilitetsstudie av ett standardiserat multisegmentellt SLS vilket utvecklades från 
resultaten i studie I. Studie IV var en tvärsnittsstudie vilken använde linjära 
regressionsmodeller för att undersöka om demografiska och biopsykosociala faktorer 
associerar med resultatet av ett SLS, bedömt som en totalpoäng för alla segment och 

som ett separat knäsegment i ett urval av kvinnliga fotbollsspelare på elit- och subelit 
nivå. Ytterligare analyser, eller tilläggsanalyser, genomfördes i syfte att undersöka om 

SLS kan diskriminera skadade fotbollsspelare från icke-skadade spelare. 

Resultat: I Studie I visade det sammanslagna resultatet av meta-analysen för ICC/kappa 

en "moderat" interbedömmar reliabilitet och en "substantiell" intrabedömmar reliabilitet 
av SLS, inklusive FSD och LSD. I Studie II visade QinematicTM en "substantiell” relativ 
reliabilitet och en "dålig” absolut reliabilitet. Vad gäller validitet uppvisade Qinematic™ en 



"moderat" reliabilitet mellan den visuella bedömningen och dess data för olika knävinklar, 

den bästa diskriminativa validiteten för SLS visade sig vara vid en knävinkel på 6°.  
I Studie III visade det föreslagna multisegmentella SLS en "moderat" interbedömmar 
reliabilitet och en "nästan perfekt" intrabedömmar reliabilitet. I Studie IV associerade 
utfallet av SLS med tidigare skador och olika demografiska, biomekaniska och 
psykosociala faktorer beroende på vilket ben som testades. Bedömningen som en total 

poäng associerad med höftstyrka för både det dominanta och det icke-dominanta 
benet, och den enskilda bedömningen av knäsegmentet associerade med spelarnivå 
(division) för både det dominanta och icke-dominanta benet. Tilläggsanalysen visade 
att SLS inte kunde diskriminera mellan spelare med och utan tidigare eller nuvarande 

skador 

Konklusion: SLS verkar vara ett reliabelt och kliniskt användbart multisegmentellt test 
för bedömning av rörelsekvalitet i motsats till QinematicTM systemet. Bedömt som en 
totalpoäng eller som ett enskilt knä segment associerade SLS med en mängd olika 
biopsykosociala faktorer i ett urval av kvinnliga fotbollsspelare på elit- och subelit nivå. 

Resultaten antyder att flera olika faktorer måste beaktas när man bedömer SLS bland 
kvinnliga fotbollsspelare, såsom bendominans, spelarnivå, höftstyrka och psykosociala 

faktorer. 
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Definition of central concepts 
Functional movement tests: Functional movement tests are seen as functionally multi-
joint tasks, based on work-specific activities and/or sport-specific skills [1, 2]. 

Movement Quality: Movement quality is defined as the maintenance of a correct 
posture, a good vertical alignment of joints and segments, and in addition, a good 

balance while performing a selected movement [3, 4]. 

The Single Leg Squat: There is today no universal and well-defined Single Leg Squat 
(SLS) test existing and in the present thesis “the SLS” will be used as a synonym or 

collective name for all different Single Leg Squat tests.  

The FSD and LSD: The Forward Step-Down (FSD) and Lateral Step-Down (LSD) tests are 
two tests that are performed and assessed in a similar way as the SLS but differ as they 

are performed on a 15-20 cm high box [5, 6]. 

The Movement Continuum Theory of Physical Therapy: The conceptualisation of 
movement on a continuum that incorporates physical and pathological aspects of 

movement with social and psychological considerations [7]. 

Reliability: Is defined as “The degree to which the measurement is free from 
measurement error” [8], and measurement error is defined as “The systematic and 
random error of a patient’s score that is not attributed to true changes in the construct 

to be measured” [8].  

Validity: Validity is by COSMIN defined as “the degree to which a health-related 
patient-reported outcome (HR-PRO) instrument measures the construct(s) it purports 
to measure” [8] and is divided into content validity, criterion validity, and construct 

validity. 
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Preface 
Since childhood, I always loved sports but also watching and observing movements in 
general. It doesn’t matter if a movement is simple or complex, performed at the Olympic 
games or the playground, they always fill me with joy and interest. So, when I see people 
struggling with their movement, limping, or moving funnily I cannot stop wondering 

where the dysfunction is located and how I could correct it.  

I first got in contact with the concept of movement screening and movement analyses 
in 2003 when I was working with a football team where we used preseason movement 
screening tests. This helped me to understand the complexity of our human movements 
and the concept of movement quality, and I think it was at this point my research 
interest started to grow. This thesis explores only one simple movement test, the Single 

Leg Squat test, which can be seen as one piece of the puzzle in clinical testing. Perhaps 

this could highlight the complexity of human movements and movement quality.  

As an industrial, and part-time, doctoral student I have had one foot in the clinic and one 

foot in the academic world for the last six years. This has suited me well as I love my 
craftmanship and enjoy being a clinician. However, my supervisors have had concerns 
about me being too much of a clinician in my way of transforming into a researcher. 
They told me to put my doctoral hat on and look at my research from a helicopter 
perspective and not with the eyes of a clinician. With this thesis, I hope that I from now 

on, proudly can transform myself into a researcher or clinician whenever I need. 

So, wherever I lay my hat that’s my home………. 
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1 Introduction 
Movement is a complex phenomenon and an essential part of human life. Often, we do 
not think about our movements as they are automatically executed without further 
reflection. However, injuries are sometimes a consequence of activities of daily life and 
sports and suffering from such an injury can be troublesome in the short or long term. 

Knee injuries are especially prevalent in some multidirectional sports such as soccer, 
and females seem to be more prone to severe knee injuries compared with men. Pre-
screening programs and specific exercises are commonly used to prevent injuries, and 
one way of testing athletes for an injury preventive purpose is to use functional 

movement analyses and tests.  

Movement analyses and tests are one of the cornerstones in the physiotherapy 
profession, used in clinical assessment, for rehabilitation purposes, and in the prevention 
of injuries. One of several functional movement tests that are commonly used to visually 
assess movement quality is the Single Leg Squat (SLS) test. In addition to qualitative 

movement tests, there is also a need to use quantitative measures that more accurately 
capture human movements. The ongoing digitization has made this possible with the 
development of portable and marker-less 3-dimensional motion capture (MMC) 

systems with a consumer-friendly price point.  

Before a test such as the SLS, or any other new measurement instrument, can be used in 
the clinical setting, it is important to explore its measurement properties. Furthermore, 
to improve clinical testing and test-retest evaluation it is also important to understand 
which factors that associate with the SLS, and which factors can explain the outcome of 

the test.  
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2 Background 

2.1 Theoretical framework 

This thesis should be interpreted in the context of the Movement Continuum Theory 
(MCT) of Physical Therapy which was presented by Cott et al. [7] in 1995. The key 

concept of this theory is movement, but as other professions also are concerned with 
movement, Cott et al. wished to place the physiotherapy profession into a theoretical 
context that distinguished the physiotherapy profession from other professions 
concerned with movement. In their opinion “Physical Therapists conceptualize 
movement on a continuum that incorporates physical and pathological aspects of 

movement with social and psychological considerations” [7]. The MCT is based on the 
work of Hislop [9] and the model of pathokinesiology, but it is also clearly influenced by 
the biopsychosocial model presented by Engle in 1977 [10]. In an overall aspect, the MCT 
can be seen as the basis for movement assessment and interventions that are affected 
by biopsychosocial factors such as joint stiffness, muscle weakness, movement quality, 
work, education, motivation, coping mechanisms, and other personal and psychological 

factors.   

The multidimensional movement continuum reaches from a micro level (molecular) to a 
macro level (person in society) and contains everything in between such as cells, organs, 

body parts, the whole body, and the person in a context [7]. The theory recognises that 
interference (both internal and external) with movement at any level has the potential to 
affect movement at the macro end of the continuum, and conversely, factors affecting 
the person at the macro level could affect movement at the micro end [7]. In other 
words, movement at each level of this continuum is affected by movements of the 
levels preceding and following and their relationship is dynamic and responsive to 

changes over time. This means that the levels can be affected in both directions and 
that the disturbance of internal and external factors can affect both the quantity and 
quality of the movement.  

 

Figure 1. Pictures the MCT of physical therapy as a cylindric multidimensional movement continuum, 
modified after Cott et al. [7]. 
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2.2 Sports injuries  

Acute and overuse injuries are common in sports and many athletes suffer from pain 
and functional limitation due to their injuries [11, 12]. When looking at sex differences in 
injury rates among team sports athletes, it is obvious that women have a different injury 
risk profile than men [13, 14] with a higher risk of concussion [15, 16] and knee injuries [17], 
compared to men. On the other hand, men have higher injury rates for hip/groin, thigh, 

and foot injuries compared to women [13, 14].  

A recently published meta-analysis on injury incidence rates (IIR) in senior women’s 
soccer [18] reported an overall (match and training) IIR of 5.63/1000 hours for elite 
players. Amateur players were not so frequently studied, but a higher overall IIR was 

reported compared to the elite players. For elite players the most common injury type 
was “joint and ligament” and” muscle and tendon” with an overall IIR of 2.62-2.70/1000 
hours when stratified on injury type, the injuries were predominantly in the lower limb 

[18].  

Overuse injuries defined as an “injury with insidious onset and no known trauma” [19] 
have been reported to range from 16-30% of all injuries among female soccer players. 
This injury type is more commonly seen in the preseason and mostly affects the knee 
[20, 21]. A common overuse injury in the knee is patellofemoral pain (PFP) which has a 
prevalence of 9-15% in an active population and is more often reported in females [17, 

22-25]. The annual prevalence of an anterior cruciate ligament injury in female soccer 
players is reported to be between 0.5-6.0%. Women also have a 2-3 times higher risk of 
suffering from an anterior cruciate ligament injury compared to male players [26]. 
Furthermore, female soccer players with an anterior cruciate ligament reconstruction 
have nearly a 5-fold higher rate of a new anterior cruciate ligament injury and a 2- to 4-

folder-high rate of another new knee injury than knee-healthy controls [27]. 

2.3 Injury prevention 

In 1992, one of the pioneers in injury prevention, van Mechelen et al. [11], described an 
injury prevention model and over the years this model has been further developed by 
Meeuwisse et al. [28, 29] and Bahr and Krosshaug [30]. Models of injury prevention today 

have advocated complex systems of pattern recognition rather than a focus on the 
linear causation of separate units of risk factors [31]. The idea is that the nature of 
injuries is multifactorial and complex, and does not arise from a linear combination of 
isolated factors, but rather from the interaction among separate factors, which are 

linked to each other in a non-linear manner [31].  
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2.3.1 Risk factors for injury 

Identification of risk factors for injury has been pointed out as one of the cornerstones in 
the prevention of sports injuries [11, 28, 30]. Risk factors for injury can be divided into 
external and internal risk factors. External risk factors are described as factors that the 
athlete is exposed to, such as weather, equipment, coaches, rules, or turf type. Internal 
risk factors are those that are specific to an athlete, such as age, sex, coordination, 
weight, and biomechanical- and psychosocial factors [30]. A biomechanical analysis 

contains both kinematics and kinetics, where kinematics involves the description of 
spatial and temporal characteristics of a motion, thus describing position, velocity, and 
acceleration without any concern for the forces causing the motion [32] and kinetics is 

the study of the forces that causes the movement [32]. 

2.3.1.1 The dynamic knee valgus 

One biomechanical risk factor that has been extensively researched in both male and 
female athletes is the so-called dynamic knee valgus which is suggested as important 
for non-contact anterior cruciate ligament injury [33-36] and for patellofemoral pain 

[36-38]. In male and female soccer players kinematic analysis of the dynamic knee 
valgus often estimates the intersegmental relationship and joint angles according to 
frontal and sagittal plane alignment of different segments [34, 39]. The intersegmental 
relationship during a dynamic knee valgus is characterised as a postural malalignment of 
the lower extremity and trunk, such as excessive foot pronation, tibial inward rotation, 

knee valgus, femoral adduction and inward rotation, contralateral pelvic drop and 
ipsilateral trunk tilt and contralateral rotation [39-41]. Different parts of this postural 
malalignment have in addition to patellofemoral pain and the anterior cruciate ligament 
injury been related to overuse injuries such as low back pain [42, 43], tibial stress 

fractures [44], iliotibial band syndromes [45], and femuro-acetabular impingement [46]. 

In cross-sectional studies, an increased dynamic knee valgus measured by kinematics 
during different weight-bearing single-leg squat tasks has been associated with 
decreased trunk lateral flexion strength [47-49], decreased hip strength, and altered hip 
muscle activation [50-52] even though conflicting results exist [50, 51]. However, it 

seems that the association between hip strength and knee valgus might be conditional 
to task demand [52, 53] and that the level of influence of hip strength and 
electromyography activity varies across single-leg squatting, landing tasks, and gender 
[52]. Furthermore, there seems to be a sex difference regarding the dynamic knee valgus 
as women without knee injuries or patellofemoral pain show an increased dynamic knee 

valgus compared to men when performing a functional weight-bearing activity [38]. 
Finally, it is also suggested that a decreased ankle dorsiflexion contributes to an 

increased dynamic knee valgus [50, 51, 54].  
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2.3.1.2 Psychosocial risk factors 

Briefly, psychosocial risk factors refer to the influence of social factors on an individual’s 
thoughts and behaviour, and the interaction between these [55]. Studies on risk factors 
for sports injuries often use the notion of psychosocial risk factors as an inclusive term 
for different personal and psychological traits which affect, and are affected by, an 
individual´s social context or environment [56, 57]. Psychosocial risk factors such as fear 
of avoidance, stress, anxiety, sleep quality, or coping mechanisms are proposed to be 

associated with an increased risk of both illness and musculoskeletal injuries among 
athletes in different sports [56-59]. A meta-analysis from 2017 pointed out that life-
event stress and strong stress responsivity had the strongest relationship with injury 
rates in different athletes [56]. Furthermore, a risk factor such as fear of reinjury have 
been related to a higher risk of suffering a second anterior cruciate ligament injury and 

to poor performance on different tests in rehabilitation [59, 60]. Hence, there is a need 
to consider psychosocial risk factors in injury prevention and to improve the 

instruments used in the clinic and research.    

2.3.2 Preventive strategies 

Preventive strategies that are used by sports teams and individual athletes are 
preseason screening [61, 62], assessment through questionnaires [62, 63], and exercise-

based programs that are performed during the season [13]. 

2.3.2.1 Preseason screening 

A preseason screening can differ depending on sport, demand, and purpose. Concerning 
the prevention of musculoskeletal injuries, preseason screening procedures have over 
the years moved away from isolated assessments of joints and muscles to a more 

functional approach where functional movements are used to assess the whole kinetic 
chain [1]. Either with a single functional movement test or a complete screening battery 
containing several different tests. In this context, functional movement tests are seen as 
functionally multi-joint tasks, based on work-specific activities and/or sport-specific 

skills [1, 2].  

The predictive validity for screening batteries is poor meaning that they have a poor 
ability to predict a new injury [64-67]. The same applies to a variety of separate 
functional movement tests, especially when screening for future anterior cruciate 
ligament injuries with the vertical drop jump [68, 69], the Single Leg Squat (SLS) test 

[70], and the Star Excursions Balance Test [68]. However, some contradicting evidence 
for the predictive validity exists for single-leg landings [71], the Star Excursions Balance 
Test [72] and the SLS [73]. In addition, the use of screening tests for injury-preventive 
purposes in sports is debated [4, 74-76]. In a review article, a former major proponent of 
injury screening invalidated its use in sports [74]. Other authors recognize the limitation 

of functional screening tests but still claim that screening may be an important strategy 
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to protect an athlete from recurrent injuries [75, 76]. In this sense, there is a need to 

further improve the measurement properties of the assessment methods applied in the 
clinical context and to get a better understanding of the complexity underlying an injury 

situation [75, 76]. 

2.3.2.2 Assessment through questionnaires  

Another way of screening an athlete for injury risk is by the use of questionnaires. 
Studies from male premier league soccer teams report that the use of questionnaires is 
the second and third most used test to identify injury risk in athletes [62, 63, 77]. 

Physiotherapists and team doctors report that the questionnaires include measures of 

pain, fatigue, quality of sleep/rest, lifestyle habits, and psychological state [63].  

2.3.2.3 Exercised-based injury prevention programs 

Exercised-based programs that are performed during the season have proven to reduce 
anterior cruciate ligament injuries for all athletes and all sports [78], especially in females 
where a 67% reduction of non-contact anterior cruciate ligament injuries has been 
reported [78]. A meta-analysis focusing only on female soccer players reported that 
multicomponent exercise-based programmes reduced injuries (all kinds of injuries) by 

27% (incidence rate ratio (IRR) 0.73, 95% CI 0.59 to 0.91) and anterior cruciate ligament 

injuries with 45% (IRR 0.55, 95% CI 0.32 to 0.92) [13]. 

There are many exercise-based injury preventive programs, for example, FIFA 11+ [79, 
80], Knäkontroll [81], and Prevent Injury and Enhanced Performance Programme (PEP) 

[82]. In general, these programmes focus on improving core strength, balance, and 
neuromuscular activation of the lower extremities, and the vertical alignment of the 
lower extremity and trunk during activities similar to anterior cruciate ligament injury 
mechanisms (e.g., lounging, squatting, cutting, jumping, and landing) [13, 81-83]. In other 
words, there seems to exist support in favour of “correct” movement patterns and 

movement quality during the performance of these exercises [83]. Furthermore, several 
studies report that frequent training of the FIFA 11+ [80, 84], specific core training [85], 
and neuromuscular training with a focus on the lower extremity and hip [86], alter and 
improve the vertical alignment of the lower extremity. That will say, improve the athlete’s 

movement quality. 
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2.4 Movement quality  

One of the pioneers in functional movement screening is Gray Cook who in 2006 
presented the Functional Movement Screen (FMS) which was described as an 

evaluation tool to assess an individual’s fundamental movement pattern [1, 87]. The FMS 
focuses on the recognition of poor movement patterns in the kinetic chain recognised 
by “weak links” and “compensatory movements” due to poor stability, mobility, joint 

proprioception, and/or reduced neuromuscular control [1, 88].  

The concept of movement quality is often used in conjunction with the assessment of 
functional movement tests and is closely related to the concept of good/poor 
movement patterns. Even though authors have claimed that there is no consensus 
statement in the literature on what defines movement quality [3] the two concepts of 
movement quality and good/poor movement patterns are sometimes used 

interchangeably [4]. Movement quality has been described as the maintenance of a 
correct posture, a vertical alignment of joints and segments, and in addition, a good 
balance while performing a selected movement [3, 4]. Furthermore, it is also described in 
terms of the efficiency of a functional movement [67, 89]. In other words, movement 
quality might be an individual’s ability to perform a functional movement in an optimal 

way [1, 90]. On the contrary, poor movement quality is often seen as a disruption of the 
“normal” function of synergist muscle function, neuromuscular control, proprioception, 
joint mobility/stability, and/or muscle flexibility during a functional movement [1, 52, 91-
94]. One specific trait of what is defined as poor movement quality, which is commonly 
assessed during a functional movement test such as the SLS is the presence of 

uncontrolled oscillatory movement of the knee in a mediolateral direction, clinically 
observed as repeated knee valgus/varus motion or knee wobbling [95, 96]. 
Biomechanical studies support that this uncontrolled oscillation can be seen as a 
movement deviation [97, 98], and two studies have shown that those oscillatory 
movements are more common in patients with an anterior cruciate ligament injury 
compared to healthy controls [96, 99]. One reason suggested for those oscillatory 

movements is a lack of neuromuscular control [96, 99]. 

Movement quality has further been identified as an independent attribute, as it, unlike 
other quantitative measures such as power or strength, aims to capture other important 

aspects of a movement such as movement efficiency and the maintenance of a correct 
posture, balance, and vertical alignment [3, 89, 100]. This highlights the importance of 

integrating the concept of movement quality when examining a patient, testing an 

athlete for return to play, or screening an athlete for an injury preventive purpose [3, 101]. 
With reliable and valid functional movement tests, the assessment of movement quality 
may provide a systematic and reliable way to observe and rate (quantify) movements 
[91]. This makes the assessment of movement quality suitable for clinical examination, 
test re-test evaluation, and prescribing exercises. Furthermore, a specific focus on 
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movement quality in training (e.g., good knee control when cutting) can also be used as 

a tool to improve an athlete’s performance, for example in a change of direction and 
cutting manoeuvres in male youth soccer players [102], or as a way to increase power 

and strength [86, 90]. 

2.5 Measurements of movement quality 

Clinicians use visual assessment to assess different aspects of movement quality, such 
as posture, balance, vertical alignment, and fluency of a movement, but clinicians cannot 
use their eyes to “measure”, angles, velocity, muscle activity, and forces. For this, 
quantitative systems using different complexity have been developed. In the clinical 
setting, the gold standard, three-dimensional (3D) motion analysis systems, are seen as 

impractical, time-consuming, and expensive [103] and these systems are only used in 
laboratory settings. However, there are also other promising measures available for 
quantifying these aspects of movement quality in a clinical setting, such as 2D-motion 
analysis systems and marker-less motion capture (MMC) systems. One such system is 

QinematicTM.  

2.5.1 Visual assessment 

Visual assessment of movement is commonly used in a clinical situation, where the need 
for quantification of movement variables is low. Visual assessment of movement quality 

has been seen as an important skill required of clinicians, athletic trainers, and coaches, 
and an important component in the clinical decision-making process [101, 104, 105]. 
However, a test that is totally based on visual assessment could have low measurement 
properties because of the subjective nature of it [106-108]. Therefore, a clinician must 
be aware of the wide range of available functional tests, their within-subject kinematic 

variation, and their reliability and validity [105]. 

The reliability of a test based solely on visual assessment is in general affected by the 
complexity of the rating scale (dichotomised or multiple classification categories), the 
number of segments assessed, the definition of the rating criteria (anatomical 

references or critical features), the velocity of the test, and in addition the training and 
experience of the assessors [105, 109]. Moreover, the reliability and validity of a 
functional test might differ with the movement being rated and which population (sex 

and age) is tested [110].  

2.5.2 Three- and two-dimensional motion analysis systems 

In the absence of 3D-motion analysis systems, 2D-motion analysis systems have been 
seen as an acceptable assessment method to quantify frontal plane kinematics in the 
lower extremity and trunk [51, 103, 111]. Low-cost 2D-analysis systems have been 

available on the market for a decade, and some of them have comparable precision to 
leading analysis systems, but at a significantly lower cost [112, 113]. One systematic 
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review and meta-analysis [114] and one systematic review [115] report that 2D-analysis 

systems are reliable but dependent on the task and the type of reliability that is 
evaluated and that the agreement with 3D-movement analysis (criterion validity) has 

shown conflicting or poor results in measuring frontal plane kinematics [114, 115]. 

Even though 3D- and 2D-motion analysis systems are seen as quantitative and 
objective measures when analysing movement quality, one should keep in mind that a 
chosen cut-off for good and poor movement quality may originate from a subjective 
decision. As pointed out by Roald Bahr [74], a risk factor for future knee injury such as 
the dynamic knee valgus is continuous and there might be a substantial overlap in 

movement quality between the injured and uninjured groups compared to a 

dichotomous risk factor for breast cancer such as the presence or absence of a tumour. 

2.5.3 Marker-less motion capture systems  

Accurately capturing the patient’s kinematics in the clinic requires a portable and 
marker-less motion capture (MMC) system, since the use of 3D-motion analysis 
systems in the clinical setting is limited [103, 116, 117]. Microsoft created the Kinect 
camera for Xbox 360 as a game controller in 2021, and by using a built-in RGB (red, 
green, and blue) sensor and a skeleton tracking algorithm, the Kinetic system could 

process 3D kinematic data for clinical purposes [118, 119]. The Kinect sensor has been 
evaluated on its test-retest reliability, accuracy, and construct validity of gait, balance, 
posture, functional tasks, and movements in the trunk and upper and lower extremities 
in a variety of different diagnoses [116, 120]. In general, research points out that MMC 
systems offer a great potential to expand the 3D-movement analysis to a clinical setting 
[120, 121], although it is recognised that the utility of such a system might be limited, 

especially where detailed 3D-motion analysis is required [120, 121]. When looking at 
specific functional tasks such as squatting and landing, the Kinect system has 
demonstrated moderate to good validity and reliability [117, 122-126]. However, it has also 
been reported that the reliability of the Kinect V2 system varies depending on joint 
angles and positions and that the reliability decreases with increased task complexity, 

such as double leg squats versus lunges [127].  

2.5.3.1 The QinematicTM 

Qinematic™ is a portable MMC system that uses the Kinect sensor together with a 
refined software program (Quickposture™), that has improved the camera’s stability and 
accuracy through a unique tracking algorithm [128]. The system was initially designed to 
be used by health and wellness providers who aimed to record and visualise basic 
human movements. It works like a semi-automated service where the users perform 
seven different functional tasks in the following order: #1. Standing balance; #2. Side 

bending; #3. Squat (double leg squat) with arms crossed over the chest; #4. Balance on 
the right leg with arms crossed over the chest; #5. Balance on the left leg with arms 
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crossed over the chest; #6. Squat on the right leg (SLS) with arms crossed over the 

chest; and #7. Squat on the left leg (SLS) with arms crossed over the chest.  

QinematicTM registers segmental displacement during the whole movement and 
calculates a Net Trajectory Angle (NTA), which contrasts with other studies that 

calculate the peak joint angle during a movement [122, 124-127]. For example, during a 
SLS, the medial and lateral displacement of the knee is measured 30 times per second 
from the start of the movement to the bottom (down), and back (up). In this way, the 
NTA represents the angle between the estimated “line of best fit” through the changes 

in knee position and the vertical axes for each direction, see Figure 2. 

Figure 2: The biomechanical report of Qinematic™ for the SLS. The net trajectory angle (NTA) estimates the 
“line of best fit” for the pathway of different key body parts, the table shows 13° of medial displacement for 
the right knee on the way down, and 16° of lateral displacement on the way up, but only 1.8 cm and 2.5 cm of 
medial/lateral shift, respectively, blue dotted line in the chart. (Nota Bene: This figure was previously published in 
Study II, no changes have been made, the article is licensed under a Creative Commons Attributions 4.0 International 
License, https://creativecommons.org/licenses/by/4.0/). 
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2.6 The SLS 

The SLS is a functional movement test that is used to assess how a patient performs a 
knee squatting movement on one leg. It is often used in the clinical context; during rehab 

as an exercise, to evaluate improvements in a test-retest test situation, and in different 
screening batteries [88] and exercise-based injury preventive programs [81]. As there 
exists a variety of SLS, no uniform SLS exists to date. The various SLS presented in the 
literature are not always, but often referred to as “the SLS”. Table 1 depicts the general 

differences for some of these tests.  

Table 1. The differences of a Single Leg Squat regarding name, performance, and rating 

criteria  

Study Method/Test Assessment Criteria 
Ageberg et al [129] Single-limb mini squat: 

-Stance leg; 50° knee flexion 
-Non-stance leg; slight hip flexion and 
80° knee flexion. 
-Arms; Fingertip support. 

-Body segments; knee/foot 
-Rating scale; Medial or over/lateral to 2nd toe at ≥ 3 out 
of 5 squats. 

Crossley et al [130] Single-Leg Squat: 
(N.B. this test is named as an SLS but 
executed as an FSD). 
-Stance leg; on a 20-cm high box 
-Non-stance leg; pointing forward (as for 
step down).  
-Arms; folded across their chest 

-Body segments; trunk, pelvis, hip joint and knee joint. 
-Rating scale; a three-point scale. 
-Overall impression across 5 trials. 

Edmondston et al  
[131] 

Single-Leg Squat: 
-Stance leg; knee flexion 30°. 
-Non-stance leg; knee flexion 30° 
-Arms; arms along the side. 

-Body segments; trunk 
-Rating scale; dichotomous, direction of the trunk 
against/from the non-stance leg.  
 

Frohm et al 
[88] 

One-Legged Squat: 
-Stance leg; squat is performed as deep 
as possible with the upper body 
vertically. 
-Non-stance leg; Hip neutral, knee 
flexion 90° 
-Arms; Hands on hip 

-Body segments; foot, knee, hip, pelvis and trunk  
-Rating scale; a four-point scale 
-Three squats were assessed. 
 

Piva et al 
[5] 

Lateral Step-Down LSD Test: 
-Stance leg; Standing on a 20-cm high 
box. Bending until the non-stance leg 
gently touches the floor. 
-Non-stance leg; positioned over the 
floor adjacent to the step, maintained 
with the knee in extension.  
-Arms; hands on waist. 

-Body segments; arm strategy, trunk, pelvic, knee and 
stance.  
-Rating scale; dichotomous for each segment and given 
0-1 points. Except for the knee where 0-2 points were 
given. 
-All five LSD was assessed to a composite score of 0 to 
≥4 points. 

Stensrud et al 
[132] 

Single Leg Squat: 
-Stance leg; 90° knee flexion. 
-Non-stance leg; not allowed in front or 
at side. 
-Arms; hands-on waist 

-Body segments; pelvic, knee and medial/lateral side-to-
side movement of the knee. 
-Rating scale; a three-point scoring scale 
-The subjects were scored by their poorest performance. 
 

Nota Bene: Parts of this Table were previously published in Study I. Compared to the original Table, some columns are 
removed but no changes have been made regarding the published text. The article is licensed under a Creative Commons 
Attributions 4.0 International License, https://creativecommons.org/licenses/by/4.0/). 

 



 

18 

As can be seen from Table 1, the performance of an SLS differs regarding the depth of 

the squat, the placement of the arms, and the position of the non-weight bearing leg. 
Some authors use a uni-segmental approach as they only assess one segment at a time 
(e.g., the knee in relation to the foot), while others have a multi-segmental approach 
assessing the whole kinetic chain from the foot to the trunk, and rating criteria differ 
from a dichotomous rating to a 4-point rating scale. Some authors present a specific 

score for each separate segment while others present a composite score for all 
segments. In addition, there is also the Forward Step Down (FSD) test and the Lateral 
Step Down (LSD) test, which are tests that are performed and assessed in a similar way 

as the SLS but differ as they are performed on a 15-20 cm high box.  

Biomechanical studies have shown kinematic and kinetic differences in the various 
performances of the SLS, e.g. when the non-weight bearing leg is positioned forward 
(SLS-forward), in the middle (SLS-middle) or backward (SLS-back) in relation to the 
trunk [133, 134]. In a study by Khuu et al. [133], the SLS-back demonstrated the greatest 
differences at peak knee flexion compared to SLS-front and SLS-middle with greater 

kinematics in the trunk, pelvic, hip and knee, and greater kinetics in hip external rotators 
and knee extensors. There is also evidence for kinematic differences when comparing 
the SLS with the Forward Step-Down test and Lateral Step-Down test [135, 136]. 
Martonick et al. [136] used statistical parametric mapping to study the kinematic 
waveforms during the whole motion and demonstrated that the SLS-back generated 

greater amounts of trunk, pelvic, and hip flexion for the entire movement compared to 
the Forward Step-Down test and Lateral Step-Down test. However, the Forward Step-
Down test provoked greater amounts of knee abduction than the SLS and Lateral Step-
Down test at 26-66% of the movement [136] which also has been confirmed in another 
study [135]. Subjects with anterior cruciate ligament injuries [96, 137-139] and 

patellofemoral pain [37, 140] show different kinematics and poorer performance of the 
SLS   compared to non-injured subjects or the non-injured leg. Finally, there are also 
gender differences in the performance of a SLS where females show greater kinematic 

hip internal rotation, hip adduction and knee valgus angles compared to males [141-145].  

2.6.1 The common denominator in all SLS 

Despite the kinematic and kinetic differences of the various SLS described in Table 1, 
one could argue that the various SLS, the Forward Step-Down test and Lateral Step-
Down test assess the same construct if considering the definition of a construct as a 

theoretical concept, theme, or idea based on empirical observations [146]. Firstly, the 
general movement pattern during all those tests is the same with flexion at the knee, hip 
and trunk, pelvic tilt, hip adduction, and knee internal rotation and abduction [133, 135], 
secondly, as they all assess movement quality which has been identified as an 
independent attribute [3, 89, 100]. The common denominator is that the aim of the SLS 
is to visually assess the coordination of different body segments in relation to each 
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other (the vertical alignment), knee and trunk stability, balance, and overall motor control 

(movement efficiency and neuromuscular function). 

2.6.2 Measurement properties in general 

Before a test instrument can be used in research and clinical practice the measurement 
properties of the test or instrument need to be evaluated [147]. The Consensus based 
Standards for the selection of health Measurement Instruments (COSMIN) is an initiative 
to improve the selection of health measurement instruments based on a Delphi study 
[8]. The aim was to reach a consensus on which measurement properties are relevant 

for evaluating health-related patient-reported outcomes (HR-PROs), which terminology 
and definitions to use, and which design requirements and statistical methods are most 
proper. Importantly, an HR-PRO is a reported health condition status that comes directly 
from the patient without any interpretation by a clinician or anyone else [148], in 
contrast to the evaluation of a functional movement test that is visually assessed by a 
therapist. However, high methodological quality is important for HR-PROs and in 

addition for all tests used in research and clinical settings. COSMIN´s taxonomy of 
measurement properties is divided into three domains: reliability, validity, and 

responsiveness [8].  

The domain reliability contains internal consistency, reliability, and measurement error. 
Reliability is by COSMIN defined as “The degree to which the measurement is free from 
measurement error” [8] and measurement error is defined as “The systematic and 
random error of a patient’s score that is not attributed to true changes in the construct 
to be measured” [8]. Furthermore, reliability is a measure of whether the scores of a test 
person change over time when the measurements are repeated without any 

intervention between the test occasions (test-retest reliability), between different 
raters (inter-rater reliability) and within a rater (intra-rater reliability) [8]. The 
measurement property measurement error is also divided into test-retest, inter-rater 

and intra-rater reliability [8]. 

Validity is by COSMIN defined as “the degree to which a health-related patient-reported 
outcome (HR-PRO) instrument measures the construct(s) it purports to measure” [8] 
and is divided into content validity, criterion validity and construct validity. Content 
validity refers to “The degree to which the content of an HR-PRO instrument is an 
adequate reflection of the construct to be measured” [8]. A first aspect of content 

validity is face validity, which is defined by COSMIN as “the degree to which (the items 
of) an HR-PRO instrument indeed looks as though they are an adequate reflexion of the 
construct to be measured” [8]. Face validity is a subjective, overall, first impression 
without any further standards on how to assess it. However, a lack of face validity is a 
quite strong argument for not using an instrument [149]. Stronger evidence for validity is 

criterion validity which refers to “the degree to which the scores of an HR-PRO 
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instrument are an adequate reflection of a ‘‘gold standard’’ [8], the definition implies that 

criterion validity only can be assessed when a gold standard is available. Criterion 
validity can further be divided into concurrent and predictive validity, where concurrent 
validity usually is used for diagnostic purposes and predictive validity for predictive 
applications [149]. On the other hand, when a gold standard is not available, construct 
validity should be used. Construct validity is by COSMIN defined as” the degree to which 

the scores of an HR-PRO instrument are consistent with hypotheses (for instance with 
regard to internal relationships, relationships to scores of other instruments, or 
differences between relevant groups) based on the assumption that the HR-PRO 

instrument validly measures the construct to be measured” [8].  

The domain responsiveness is by COSMIN defined as “The ability of an HR-PRO 
instrument to detect change over time in the construct to be measured”[8], 
responsiveness is however a separate domain but closely related to validity [149]. The 
only difference between validity and responsiveness is that validity refers to the validity 
of a single score, meanwhile, responsiveness refers to the validity estimated from two 

different measurements, for example when a test is used longitudinally to measure 

change over time [149]. 

2.6.3 Measurement properties for the SLS 

When performing a functional movement test such as the SLS, errors can emanate from 
several sources such as from the equipment and the raters. One main source of error is 
that humans vary their movements over time and have a great ability to adapt to 
specific circumstances when performing the test [150]. This variation can be described 
as the within-subject kinematic variation and is important if the test is to be used for 

clinical decision-making and repeated measurements [105, 150]. The within-subject 
kinematic is often measured with the Standard Error of Measurement (SEM) which is a 
measure of absolute reliability, unlike the Intraclass Correlation Coefficient (ICC) which is 

a relative reliability measure that provides less clinical meaning [105, 150].  

With regard to the differences between all SLS, the Forward Step-Down and Lateral 
Step-Down the reported within-subject kinematic variation seems to be relatively low 
with an SEM of less than five degrees and mostly substantial/almost perfect ICC values 
over 0.60 [49, 103, 105, 132, 151-155]. A systematic review [105] and a systematic review 
and meta-analysis [156] indicated that the evidence for the intra- and inter-rater 

reliability of the SLS, when using a dichotomous rating of the knee relative to the foot 
was adequate. It was also reported that agreement with more complex ratings, such as 
≥3-point rating scales and multi-segmental assessments, was acceptable in some of the 

studies [105].  

In general, the SLS seems to have strong face validity in the sense that it has 
biomechanical and neuromuscular similarities to athletic movements as it simulates 
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common athletic positions such as cutting and landing [144, 151, 152, 157, 158]. Previous 

studies on healthy subjects have shown that visual assessment of the SLS corresponds 
well with 3D- and 2D-motion analysis systems in discriminating good and poor SLS 
performers when assessing the foot, knee, pelvic, hip and trunk [105, 129, 132, 155, 159-
163]. However, not all segments assessed in a SLS are equally studied (the knee segment 
most studied) and not all SLS are represented. To date, only a few studies have 

investigated the visually assessed SLS predictive and discriminative validity, and they 
report poor and conflicting results [70, 73, 164, 165]. In an alternative study, Crossley et 
al. [130] used an expert panel to set consensus about the movement quality on the 
performance of 34 separate SLS which were assessed as good, fair, or poor. The 
consensus rating was then compared with three physiotherapists who made their 

assessments of the performance. The concurrency with the consensus panel was 
substantial to almost perfect (kappa 0.60-0.80). Finally, one literature review from 2015 
aimed to study responsiveness in relation to the SLS, but no such studies were found 

[166]. 

2.6.4 Biomechanical factors associated with the outcome of the SLS 

To improve clinical testing and test-retest evaluation it is not only important that the 
test is reliable and valid, but also that there is an understanding of which factors that 
associate with the test and which factors that can explain the outcome of the test. 

Kinematic studies indicate that there exists an association between a poor performance 
of the SLS and a decreased hip muscle strength and an altered hip muscle activation 
[50-52] and in addition a decreased ankle dorsiflexion [50, 51, 54, 167]. Regarding the 
visually assessed SLS, four studies reported a positive association between poor SLS 
performance with decreased hip muscle strength and an altered hip muscle activation 

[130, 168], while two studies reported no such associations [169, 170]. For ankle 
dorsiflexion, four studies reported positive associations with reduced ankle dorsiflexion 
and poor Lateral Step-Down test performers [169-172] meanwhile two studies reported 

contradicting results for the Forward Step-Down test and the SLS [168, 173].  

Other associated factors are fatigue [143] and balance [174], where a fatigue-inducing 
program (muscular, cardiovascular and respiratory) has shown kinematic changes in the 
trunk and pelvis during the performance of a SLS. However, no differences were found in 
postural sway in individuals with and without a visually assessed dynamic knee valgus 
when performing a SLS [174]. On the other hand, one study on visual assessment of a SLS 

reported a large significant relationship between good balance and good performance 

of the SLS [165]. 

2.6.5 Psychosocial factors associated with the SLS 

To measure psychosocial factors Patient-Reported Outcome Measures (PROMs) can be 
used. A PROM is a self-completed questionnaire that for example could measure fear of 
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avoidance, stress, anxiety, and sleep quality [148, 175]. Psychological- and psychosocial 

factors are suggested to affect the outcome of rehabilitation after a sports injury [176, 
177] and it has been reported that athletes with a higher fear of re-injury do not return to 
their pre-injury level to the same extent as those having lower levels of fear of re-injury 
[178, 179]. Fear of re-injury is one of the most common personal reasons for not returning 
to sports apart from knee issues such as swelling, instability, or weakness [180]. However, 

studies of physiotherapists in clinical practice imply that PROMs are used to a low 

extent [181, 182].  

Studies on the importance of psychosocial factors in relation to physical function and 

performance during rehabilitation are sparse [59], and to date, knowledge is limited 
about how and if various psychosocial factors affect or are associated with the outcome 
of a test such as the SLS. Nevertheless, studies have reported that the physical 
performance of single leg hop, and muscle strength might be affected by fear of reinjury 
during the rehabilitation of anterior cruciate ligament injuries [59, 60]. Furthermore, 
anxiety has been associated with performance problems in sports and other fields [183, 

184], and is also reported as one psychological factor that negatively affects the return 
to play after an anterior cruciate ligament injury [185]. The link between anxiety disorders 
and competitive performance is, however, not well understood and it is unclear whether 
interventions that decrease anxiety are associated with better performance [184]. 
Hence, there is a need for a more profound understanding of how psychosocial factors 

affect rehabilitation, but also how these factors affect and are associated with tests and 

exercises in the screening and rehabilitation situation.   

2.7 Rationale 

The wide use of the visually assessed SLS in clinical testing and for preventive purposes 
highlights the need for a further investigation of the test. Unfortunately, there is today no 
uniform SLS existing as the performance and assessment criteria vary. Research 
indicates that the SLS when using a dichotomous rating of the knee relative to the foot 
has adequate reliability investigated across a range of ages. However, the assessment of 
functional movements often comprises more complex analyses of the whole kinetic 
chain including several body segments at the same time. This emphasises the need for a 

reliable multi-segmental SLS based on a proper methodological setup and refined 
assessment criteria. Prevention programs used in sports emphasise movement quality 
and knee control [83], and as knee injuries are common among both men and women 

athletes, those injuries are of great concern in sports and rehabilitation.  

Furthermore, sex differences regarding injury rates and profile [13, 14], together with the 
increased dynamic knee valgus in females compared to men when performing a 
functional weight-bearing activity [38] justify further investigation of the SLS in female 
athletes. A better understanding of the outcome of the SLS and its separate segments 
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viewed from a biopsychosocial perspective might aid the clinician to make evidence-

based decisions about rehabilitation and return to sport, and to guide safe and effective 
exercise prescriptions. In relation to that, this thesis focuses on one test, the SLS, it is 
important to highlight that more than one test or more than one outcome of a PROM is 
needed to evaluate and assess functional movements in relation to injury or return to 
play. Therefore, the outcome of the SLS should, in this context be seen as one piece of a 

puzzle to better understand how the outcome of a functional movement relates to injury 

or return to play. 

To improve clinical testing in the assessment and test-retest evaluation, the 

development of both quantitative and qualitative measurements needs to be further 
studied. As an alternative for 3D-analysis systems in the clinical setting a portable MMC 
system such as the Qinematic™ is of importance for the ongoing healthcare digitisation. 
In other words, there is also a need for simpler but objective and quantitative methods 

to capture functional movements in the clinical setting.  
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3 Overall aim 
The overall aim of this thesis was to develop and assess aspects of reliability and validity 
of the SLS among physically active people, and from a biopsychosocial perspective 

investigate factors associated with the SLS in a sample of female soccer players.  

3.1 Specific aims 

Study I  
To systematically review and meta-analyse the current literature on intra- and inter-
rater reliability of visually assessed SLS, including the Forward Step-Down and Lateral 

Step-Down tests. 

Study II  

To establish the reliability and validity of QinematicTM for assessing the SLS. A further 
aim was to identify different angles or cut-off points of medial knee displacement, 
during a SLS measured by QinematicTM, that in the best way would match the results of 

a visually assessed knee-over-foot or knee-medial-to-foot position. 

Study III  

To investigate the intra- and inter-rater reliability of a standardised multi-segmental SLS 

with refined assessment criteria. 

Study IV  

To investigate whether demographics, previous injuries, and biomechanical and 
psychosocial factors are associated with the outcome of the SLS, assessed as a total 
score for all segments and as a separate knee segment in a sample of elite and sub-elite 

female soccer players.  
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4 Materials and methods 

4.1 An overview of study design and subjects 

The present thesis contains four studies and additional statistical analysis where the 
manuscript for Study IV is under submission. The set-up for the data collection was 

similar in Study II and III, and the additional statistical analyses were calculated on the 
same subjects as Study IV. An overview of the study design, subjects, and statistics are 

presented in Table 2.   

Eligibility criteria for inclusion in Study I were methodological studies that assessed the 

inter-rater and/or intra-rater reliability of a visually assessed SLS, Forward Step-Down 
test, and Lateral Step-Down test. All subjects that showed interest were included. 
Studies with kinematic, kinetic, and other quantitative measures were excluded. 
Inclusion criteria for Study II and II were men and women, aged 18 to 65. Exclusion 
criteria were an ongoing musculoskeletal injury in the lower extremity, a history of severe 

knee disorder (ligament- or meniscal rupture and knee replacement), a neurological 
disease, or a visual deficiency that could not be corrected with eyeglasses. Inclusion 
criteria for Study IV were contracted players who were 16 years or older, and who 
understood written and spoken Swedish. Exclusion criteria were two-footed players and 
an ongoing injury that made it impossible to perform the physical tests without pain, or 

those for whom participation meant an additional risk for injury. 
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Table 2. Overview of study design, subjects, and statistics used in the included studies. 

 

4.2 Ethical considerations 

Study I-IV were conducted in accordance with the Declaration of Helsinki [186], aiming 
to protect individuals' rights, integrity and autonomy in research procedures. Written 
informed consent to participate was obtained for all subjects in Study II-IV following 
written and oral information, and the studies were approved by the Regional Ethical 
Review Board in Stockholm. Study II and III received Ethical approval Dnr: 2016/595-31 

with amendment Dnr 2017/318-32, and Study IV with Ethical approval Dnr: 2021-03067 
with amendment Dnr 2021-05398-02. The data collection for Study IV was performed 
in January – February 2022, and the registration at the United States National Library of 
Medicine, Clinical Trials Gov was performed 2022-03-01 with the clinical trials identifier: 
NCT05289284A [187]. The registration in Clin Trials Gov includes a larger prospective 

project to investigate the SLS predictive validity for future injuries.  

As Study I was a systematic review and meta-analysis, no ethical approval was needed. 
However, when conducting such a study it is of equal importance to consider the ethics 
as there might be a chance to include studies that have overlooked the ethical 

principles such as autonomy, beneficence, and justice. Therefore, were all included 

Studies 
Design Subjects Statistics 

Study I A systematic review 
and meta-analyses 

31 included studies (n=1136) 
 

♀=454, ♂=360, unknown gender=322 
Age: 9-89 years. 
 
65% of the study sample were 
healthy active subjects. 
Age: 18-37 years 

Meta-analyses: 
Pooled agreement of Intra- and inter-rater 
reliability 

Study II A laboratory-based 
test-retest 
reliability and 
validity study of a 
marker-less 3D 
motion analysis 
system, 
QinematicTM 
 

 
 
 
 
37 healthy active subjects 

♂=10, ♀=27 
Age: 18-65 years old, mean 34 (±12) 
 
 

Systematic differences between test occasions: 
Wilcoxon sign ranked test and Bland-Altman plots. 
Relative and absolute reliability: 
Spearman correlation coefficient, ICC, SEM and 
SDC 
Construct validity: 
Agreement-Kappa 
Diagnostic accuracy-sensitivity, specificity, PPV, 
NPV and AUC 

Study III An intra- and inter-
rater reliability 
study 

Systematic differences between test occasions: 
Wilcoxon sign ranked test. 
Relative reliability: Kappa statistics 

Study IV A cross-sectional 
observational study 

254 female soccer players 
distributed on:  
 
Div. 1: 89 players 
Div. 2: 51 players 
Div. 3: 114 players 
 
Median age: 22 (min. 16-max. 39) 

Statistical differences: 
McNemar´s test, Wilcoxon rank sum test and 
Wilcoxon signed rank test 
Associations to the SLS: 
A backward logistic regression analysis 

Additional 
analysis 

A cross-sectional 
observational study 

Predictive/discriminative validity: 
Sensitivity, specificity, PPV and NPV. 

Abbreviations: ICC=Intraclass correlation coefficient; SEM=Standard error of measurement; SDC=Smallest detectable change; 
PPV=Positive predictive value; NPV=Negative predictive value; AUC=Area under the curve; 3D= Three dimensional; n=total number of 
includes subjects; Div=Division; min=minimum; max=maximum. 
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studies checked for ethical approval and informed consent to participate, and all 

articles met this requirement. 

Autonomy of all included subjects in Study II-IV was ensured by written and verbal 
informed consent to participate. Study IV required some further ethical considerations 

compared to Study I-III as these studies were based on interventions with 
biomechanical tests and questionnaires on some psychosocial factors. Possible risks 
with the biomechanical tests were minimised with proper warming up and precise 
instructions on how to perform the tests, and when to abort a test. These tests are also 
used in regular clinical assessment why they are not new or specific for this research. All 

tests and instructions were given by an experienced physiotherapist (JR). Given that 
some questions in the psychosocial questionnaire might have been perceived as 
upsetting by some participants and that the sample comprised of younger female 
soccer players (> 16 years) actions were taken to be able to support the participants if 
they wished to talk about the questions after filling in the questionnaires. The purpose of 
these questionnaires was explicitly explained during the initial information procedure 

before all testing and the participants were able to ask questions at the information 
occasion or afterward, if they wished to do so alone. All in all, it is therefore considered 
that the benefits of study II-IV outweigh the risks that could be predicted, which were 
judged to be small. As no control group was used in Study I-IV justice was not a great 
matter as all participants performed the same tests and answered the same 

questionnaires.  

4.3 Study I 

The systematic review and meta-analysis in Study I were conducted according to the 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 

guidelines [188, 189], and pre-registered in the International Prospective Register of 
Systematic Reviews (PROSPERO) with registration number CRD42018077822. 

4.3.1 Literature search and study selection  

The systematic search was conducted in CINAHL, Cochrane Library, Embase, Medline 
(OVID) and Web of Science databases from inception up until 29 November 2018. The 

following search concepts were used: SLS, reproducibility of results and observer 
variation. The searches were performed with the help of two librarians at the Karolinska 

Institutet University Library. 

4.3.2 Data extraction 

Data was extracted by two independent researchers (JR, ERB) and any disagreement 
was solved by a consensus discussion with a third researcher (WG). Extracted 
information was summarised in tables including study name, number of participants, 
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age/gender, activity level, musculoskeletal disorders, number of examiners and their 

level of experience, method/test, assessment criteria, and outcome/statistics. 

4.3.3 Methodological quality 

The Quality Appraisal of Reliability Studies Checklist (QAREL) [190] was used to assess 
the methodological quality of the included studies. The assessment was conducted in 
the same manner as for data extraction with two independent researchers (JR, ERB) and 
a third researcher (WG) if there was any disagreement. QAREL is a reliable instrument 
specially designed to assess the methodological quality of studies of diagnostic 

reliability [190, 191] and it consists of 11 items that cover seven principles. For the 
interpretation of the methodological quality, each item should be considered 

individually [190]. 

4.4 Study II 

4.4.1 Study design 

In Study II, the marker-less 3D motion analysis system QinematicTM was evaluated 
regarding its capability to assess the SLS reliably and validly. For the test-retest 
reliability, subjects performed one session of QinematicTM on two different occasions six 
to seven days apart. Afterwards, the construct validity was studied by comparing the 
quantitative data (degrees) from QinematicTM with video-recorded SLS that were 
visually assessed as knee-over-foot or knee-medial-to-foot position (pass/fail), where 

the visually assessed SLS was used as a reference standard. In total, 37 healthy and 
active persons (27 women, 10 men) were recruited via verbal announcements and 

information posters at the Karolinska Institutet in Stockholm. 

4.4.2 Data collection  

The setup for the data collection in Study II and III were in common. All tests were 
performed at the movement laboratory at Karolinska Institutet from 21 March to 11 May 
2017 and handled by two researchers (JR, WG). Before the tests all subjects filled in a 
questionnaire regarding demographics and background data. The QinematicTM system 

works as a semi-automated service that gives the subjects oral and visual instructions 
while standing in front of the kinetic camera and a computer touch screen. The test in 
front of the QinematicTM system took approximately 10 minutes. Parallel to the 
QinematicTM system, two digital video cameras were orthogonally placed in relation to 
the subject and recorded all trials in the sagittal and frontal planes. The subjects wore 

tight shorts/tights, a sports top/singlet, or a T-shirt. 

4.4.3 Procedures 

The standard QinematicTM movement screening procedure includes seven different 
functional tasks, but only the Squats (SLS) on the left and right leg were of interest for 
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the purpose of Study II. Our research group studied the reliability and validity of posture, 

balance and side-bending using QinematicTM in an earlier study [192]. The visually 
assessed SLS that was used as a reference standard against the QinematicTM (index 
test) was collected in parallel to the QinematicTM procedure by the two orthogonally 
placed video cameras. The assessment was dichotomised as having a knee-over-foot 
position (pass) or a knee-medial-to-foot position (fail) [129], the assessment was done 

by two researchers (JR, ERB). Before any assessment, eleven randomly chosen video 
recordings were used to reach consensus a on how to assess the test. Finally, all video 
recordings were individually assessed by the two raters (JR, ERB), and consensus was 

reached in all cases without consulting a third party (WG).  

4.5 Study III 

4.5.1 Study design 

Based on previous scientific findings on the reliability of the SLS in Study I, a less 
complex and well-defined multi-segmental SLS was evolved and evaluated for its 
reliability in Study III. To improve the methodological standardisation of the study, the 
study followed the checklist of QAREL [190]. The recruitment of study subjects was the 

same for Study II and III. 

4.5.2 Data collection  

The setup for the data collection was the same for Study II and III, see item 4.4.2. The SLS 
was recorded by two orthogonally placed video cameras. Before the subjects 
performed the SLS they were first instructed by one researcher (JR) on how to perform 
the test, and they were at the same time allowed to practice the test. For the actual test, 
the subjects followed a pre-recorded video clip with precise instructions, the test was 

performed three times on each leg and started always with the left leg.  

4.5.3 Rating procedure 

Two experienced physiotherapists with more than 20 years of work experience who 
used specific movement quality tests daily were invited as raters together with two 

novice physiotherapists who had been working for about four years and had no greater 
previous experience in assessing specific movement quality tests. To learn how to 
assess the test, ten video recordings were sent to each one of the raters together with 
the rating instructions. One week later, the four raters met for a two-hour learning 
session, conducted by one researcher (JR), where the rating criteria were discussed and 

practised. One day after the education, the raters received 65 new video recordings 
which they were instructed to assess individually. Those ratings were used for the 
purpose of the study. For intra-rater reliability, the same video recordings (but with 
another random order) were sent to each one of the raters 10 to 14 days later. The raters 
were instructed to assess the movement deviations from the vertical alignment of the 
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four body segments foot, knee, pelvic, and trunk. This was during three consecutive 

squats where all body segments were assessed at the same time. A deviation of a 
segment was scored as one point. No deviation was scored as zero points. The total 

score of the SLS ranges between 0 to 4 points.  

4.6 Study IV 

4.6.1 Study design 

Study IV is a cross-sectional study and part of a longitudinal project which, among other 
things, aims to investigate the predictive value of the SLS in female soccer players. The 
study is preregistered at the United States National Library of Medicine, Clinical Trials 
Gov (clinical trials identifier: NCT05289284A). Twenty female soccer teams from the 
three highest divisions in the Swedish Soccer League (divisions 1-3) were invited to 

participate, 18 teams accepted the invitation, and 269 players were screened for 

demographics, previous injuries, biomechanical- and psychosocial factors.  

4.6.2 Data collection  

Before the data collection, two pilot tests were conducted for the measurement of hip 
strength and ankle dorsiflexion, one including 17 subjects and one including 12 subjects. 
All soccer players were screened from January to February 2022 by one researcher (JR), 
and the biomechanical tests and one questionnaire on previous injuries and 
demographics were performed at the local club. Questions on psychosocial factors 

were collected via a web-based survey (SurveyMonkey©) which was sent to the 

subjects directly after the screening at the local club.  

4.6.3 The dependent variable 

The SLS that was evaluated in Study III was used for the purpose of Study IV as a 
dependent variable but with a modification regarding the total score. In Study III, the 
total score ranged between 0 to 4 points but for Study IV it was changed to 0 to 1 point 
(pass/fail). That is, a total score of zero points if the subject passed the test (no fail in 
any segments), or one point if the subject failed the test (fail in one or more segments). 

No change was made for the assessment and rating of the separate segments (foot, 
knee, pelvic and trunk) which were dichotomously assessed as a pass (0 points) or fail (1 

point).  

4.6.4 The independent variables 

4.6.4.1 Demographics  

Demographic data on the participant's age, height, weight, soccer division, and leg 
dominance were collected with the questionnaire. The dominant leg was defined as the 

preferred kicking leg [193, 194] and the other leg was defined as the non-dominant leg.  
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4.6.4.2 Previous injuries  

The subjects could register three kinds of injuries, a time-loss injury, a severe injury and 
an injury problem. Injury data was collected for the whole body, but only injuries located 
in the head, lower belly, lower back, pelvic or lower extremities were used for the 
analyses. For the questions asked about injury problems, a modified version from the 
Oslo Sports Trauma Research Centre Overuse Injury Questionnaire [195, 196] was used, 
this questionnaire is especially designed to capture overuse injuries. All questions 

regarding injuries were collected with questionnaires. 

4.6.4.3 Ankle dorsiflexion  

For the measurement of ankle dorsiflexion, the weight-bearing lunge test (WBLT) was 
used [197, 198]. This method calculates the ankle dorsiflexion (trigonometric angle, TA) 
by using a simple trigonometric function (TA=90- arctangent (GK/HW)). It is calculated 
from the two distances heel to the wall (HW distance) and ground to the knee (GK 
distance) where the knee is defined as the anterosuperior edge of the patellae. To 
measure the HW- and GK distance, two 70-centimetre (cm) tape measures were fixed 

perpendicular to each other on the ground and wall. Before the test, the subjects were 
informed of the standardised instructions and provided with a demonstration by the 
test leader (JR). The subjects were asked to place the foot to be assessed on the tape 
so that digitorum 1 and the centre of the heel were aligned on the tape, the non-tested 
foot was instructed to be placed behind them in a “fencing position”. The position of the 

non-tested leg for Study IV differs from previous studies [197, 198] thus pilot testing on 
29 persons showed that the subjects could increase their range of ankle dorsiflexion by 
putting the non-tested foot in different positions. The subjects were allowed to try to 
reach the wall three times before the final measure was done. In previous articles [197, 
198] a mean value of three attempts was used. For Study IV only the maximum distance 

was recorded due to the practical time frame for screening a soccer team. The WBLT 
test has in previous studies shown an “almost perfect” intra-rater reliability, a Standard 
Error of Measurement of 0.6°-1.18° and a Minimal Detectable Change (MDC) of 1.7°-3.26° 

[197, 198]. 

4.6.4.4 Hip strength  

The combined maximal hip abductor and external rotation strength was measured with 
a handheld dynamometer (MicroFET2TM wireless, Hoggan Scientific, LLC. USA) with the 
player performing an isometric clamshell (CLAM) [199]. The subjects were placed side-

lying on a treatment bunk with the hips in 45° flexion and 0° abduction/adduction, and 
the knees in 90° flexion. This position was fixated with a firm yoga block between the 
knees and two traction belts, one around the ankles and one around the knees. Before 
fixation, the distance between the proximal greater trochanter and the proximal lateral 
epicondyle of the femur was measured on each side for the tested leg. The handheld 
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dynamometer was placed just proximal to the lateral epicondyle of the upper knee on 

the tested leg and was fixated under the traction belt. Three maximal efforts were made 
for 5 seconds with about 15-30 seconds rest in between the three sets, and a mean 
value for the three maximal efforts was calculated. The handheld dynamometer values 
were measured in Newton (N), and these were multiplied by the length of the femur (m) 
to calculate maximal peak torque values (Nm). Torque was then body size normalised by 

the subject’s weight (kg) and height (m) [200, 201] and multiplied by 100 (Nm/(kg*m) 
*100). The CLAM test has an “almost perfect” test-retest reliability (ICC=0.97, 95 % CI 

0.94-0.99) and good validity (Pearson’s correlation coefficient=0.84) [199]. 

4.6.4.5 Perceived Stress Scale-14 items  

A Swedish version of the Perceived Stress Scale-14 items (PSS-14) [202] was used to 
measure perceived stress in Study IV, PSS-14 was originally developed by Cohen et al. 
[203]. The scale is recommended to be used when screening people with and without 
known stress-related disorders [203], it contains 14 items and the total score ranges 

from 0-56, where 56 represents high stress [203]. The Swedish version of PSS-14 has 

shown satisfactory psychometric properties [202]. 

4.6.4.6 Pittsburgh Sleep Quality Index 

Sleep quality was measured with the Pittsburgh Sleep Quality Index (PSQI) which has 
been widely used by researchers and clinicians in different settings, populations, and 
languages [204]. It aims to measure sleep in different dimensions, but it may also be 
used as a simple screening measure to identify good and poor sleepers [204, 205]. The 
PSQI contains seven different components, 19 items and a total global score that ranges 

from 0-21, where 21 represents poor sleep [204, 205]. The cut-off for poor sleepers has 
been set to six points with a sensitivity of 89.6%, a specificity of 86.5% [205]  and an 
area under the curve of 0.999 [204]. A Swedish unpublished translation of the PSQI 

exists which has been used in clinical settings and medical research and development. 

4.6.4.7 Generalized Anxiety Disorder-7 items  

Anxiety was measured with the Generalized Anxiety Disorder-7 items (GAD-7) scale 
which has shown good reliability and validity [206]. It contains seven items and ranges 
from 0-21, where 21 represents high anxiety [206]. A score of 10 or greater represents a 

cut-off for identifying subjects with GAD. Cut-off points of 5, 10 and 15 have been 
interpreted as mild, moderate, and severe levels of anxiety [206]. The Swedish version 

was used [207]. 

4.6.4.8 Athletic Fear Avoidance Questionnaire  

Fear of avoidance was measured with the Athletic Fear Avoidance Questionnaire (AFAQ) 
which has shown good psychometric properties [208]. The scale measures sport-injury-
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related fear avoidance in athletes and could be used to identify potential psychological 

barriers, for example to rehabilitation [208]. It contains 10 items and ranges from 10-50, 
where 50 represents a high fear of avoidance. A Swedish unpublished version was used 
for Study IV and the test-retest reliability was found adequate (ICC2.1 0.74) (unpublished 

data).  

4.7 Data management 

4.7.1 Study I 

To deal with the problem of including multiple data from the same study in the meta-
analysis three choices were made to get conformity in the data management. Firstly, 
when more than one reliability data was presented for the same rating, a mean value 
was calculated (e.g., dominant/non-dominant leg). Secondly, if different assessment 

methods were presented for the same test the assessment method that corresponded 
most to the other included studies was chosen. Thirdly when different types of kappa 
were presented, plain kappa was chosen in front of other measurement units (e.g., 

weighted kappa).  

4.7.2 Study II 

In Study II, the QinematicTM data were used for both the reliability and validity studies, 
but for the validity study, only the SLS data for the “way down” was used as the “way up” 
showed poor reliability and a significant difference between the test occasions. 

Furthermore, data was excluded when the QinematicTM ordered the subjects to perform 
an easy form (“easy mode”) of the SLS, a less difficult SLS with the non-tested leg in the 

ground for balance.  

For construct validity, QinematicTM data was dichotomised into steps of two degrees, up 

to 20 degrees, of knee medial displacement, this data was then compared with the 
visually assessed SLS. The purpose was to find the QinematicTM cut-off point that best 
correlated to the visually assessed SLS. A further detailed description of variables and 

data management can be read in Study II [209]. 

4.7.3 Study IV  

The choice for the independent variables in Study IV was based on clinical experience 
and previous research [210]. However, some of the independent variables were for 
practical or statistical reasons modified. The variable age was due to the nonlinearity of 

the log odds [210, 211] divided into three categories (16-19 yr., 20-24 yr., and 25-39 yr.), 
the variable hip strength was for practical reasons multiplied with 100 and therefore 
expressed as Nm/(kg*m)*100, PSQI was dichotomised according to previous work (≤5 
good sleepers, ≥6 poor sleepers) [204, 205] and GAD-7 was divided into three 
categories (no anxiety, ≥5 mild anxiety, and ≥10 moderate/severe anxiety) instead of the 
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originally four categories. This was due to numerical problems [211]  in the statistical 

calculations, meaning that less than five outcomes for the severe anxiety category were 
obtained. Regarding injuries, a time-loss injury previous 4 weeks and an injury problem 
previous 4 weeks were chosen to be included in the analysis before other injuries, this 
was due to the clinical aspect of knowing how a recent time-loss injury or injury problem 
would affect the outcome of the SLS. For the SLS for all segments (the total score), the 

variable a time-loss injury previous 4 weeks was replaced by the variable history of 
time-loss injuries season 2021, due to numerical problems in the statistical calculation 

[211]. 
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4.8 Statistical analyses 

All statistics used in this thesis, both descriptive and inferential are summarised in  
Table 3. 

Table 3. Statistical analyses used in this thesis. 

Statistics Study I Study II Study III Study IV Thesisa 

Descriptive:       
Frequency (n) and percentage (%) X X X X  
Min.-Max. X   X  
Median   X  X  
Interquartile range (Q1 to Q3)  X    
Mean  X X   
Standard deviation  X X   
Inferential:      
Meta-analysis with Q-test and I2 X     
Wilcoxon signed-rank test  X  X  
Wilcoxon rank sum test    X  
McNemar´s test    X  
Percent Agreement  X X   
Cohen´s kappa (95% CI)  X X   
Kappamax   X   
Generalised kappa (95% CI)   X   
Prevalence index   X   
Bias index   X   
PABAK (95% CI)   X   
ICC 3.1 (95% CI)  X    
Spearman correlation coefficient  X    
Standard Error of Measurement  X    
Smallest Detectable Change  X    
Sensitivity (95% CI)  X   X 
Specificity (95% CI)  X   X 
Positive Predictive Value (95% CI)  X   X 
Negative Predictive Value (95% CI)  X   X 
ROC analysis   X   X 
Bland and Altman plots   X    
Multivariate logistic regression    X  
aThesis: Additional analyses. 
Abbreviations: Q1 to Q3= 1st quartile (25%) to 3rd quartile (75%); 95% CI= 95% Confidence Interval; ROC= 
Receiver Operation Characteristics. 
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4.8.1 Study I 

Two separate meta-analyses for inter-rater and intra-rater reliability were conducted 
and the reliability estimates ICC, kappa and AC1 together with sample size were 
extracted from each included study and transformed to Fisher’s z scale [212-216]. The 
transformation was done to account for the non-normal distribution in correlation 
meta-analyses [212-216] but was then converted back to reliability estimate values after 
completed calculations, to assist in the interpretation of the results. The between-

studies and total between-subgroup effect size heterogeneity were conducted due to 
expected heterogeneity from the clinical and/or methodological diversity of included 
studies. This was calculated with the Q test and expressed as I2 statistics. The effect size 
was expressed as the pooled agreement of ICC, kappa and AC1 with 95% CI, the critical 
value to reject H0 was set to p< 0.05. Correlational statistics as kappa, ICC and AC1 

were interpreted according to Landis and Koch's classification of strength of agreement 
[217]; < 0.00 = poor; 0.00-0.20 = slight; 0.21-0.40 = fair;0.41-0.60 = moderate; 0.61-0.80 

= substantial; and 0.81-1.0 = almost perfect.  

4.8.2 Study II 

The normality of data was checked by comparing means and medians together with 
visual analyses of histograms, boxplots, and quantile-quantile (Q-Q) plots. Furthermore, 
the data was tested for skewness and kurtosis [218]. Not all data was normally 

distributed of which non-parametric statistics were used. 

4.8.2.1 Test-retest reliability  

Wilcoxon signed-rank test was used to test for significant differences between the two 
test occasions, and the level of significance was set to p< 0.05. Furthermore, both 

relative and absolute reliability were calculated. For relative reliability, the Spearman 
correlation coefficient in addition to the Intraclass Correlation Coefficient (ICC 3.1) was 
used as not all variables were normally distributed. For ICC 3.1, a two-way mixed effect 
model, absolute agreement, and single rater/measures were used. Standard error of 
measurement (SEM) and smallest detectable change (SDC) were used to calculate 

absolute reliability. The SEM is a measure of how far apart the outcomes of repeated 
measurements are and what the standard deviation around a single measurement is. 
SDC is a change in the construct that can be considered real, i.e. a change beyond the 
measurement error [149, 219]. As those parameters are expressed in the same unit as 
the original measurement and can be used on an individual level [149, 219], they should 

be as low as possible. The interpretations of the kappa and ICC estimates were similar 
to those in Study I. The Spearman correlation coefficient was interpreted as less than 
0.3 low correlation, 0.3-0.5 fair correlation, 0.6-0.8 moderately strong correlation, at 

least 0.8 very strong [220, 221]. 
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4.8.2.2 Construct validity  

For construct validity, the visually assessed SLS was used as a reference standard and 
compared to the measures of QinamaticTM which were dichotomised into 10 cut-off 
scores, each of 2 degrees, ranging from 2 to 20 degrees of knee medial displacement. 
The purpose was to find the QinematicTM cut-off score that in the best way 
corresponded to the visually assessed SLS. To do so, three different calculations were 
conducted: First, the agreement between the visually assessed SLS and QinematicTM 

was investigated by percent agreement and kappa. Second, diagnostic accuracy was 
assessed by calculating the area under the receiver operation characteristic (ROC) 
curve together with standard error and 95% CI, and third positive predictive value (PPV) 

and negative predictive value (NPV) were calculated.  

The receiver operation characteristic curve is a plot of sensitivity against specificity that 
summarises the discriminative ability of a test across all cut-offs in one single measure, 
and as a rule of thumb, the following classification of the area under the curve has been 
suggested: > 0.9 = high accuracy; 0.7-0.9 = moderate accuracy; 0.5-0.7 = low accuracy; 
and 0.5 = a chance result [222, 223]. As sensitivity and specificity are two measures that 

evaluate the accuracy of a screening test in relation to a reference standard where the 
number of cases or non-cases are known, it is not suitable for clinical situations where 
the clinician must make inferences about the presence or absence of a disease [222]. 
Therefore, we also calculated the positive predictive value and negative predictive value 
as it is more suitable for decision-making in individuals [222, 224] since it is prevalence 

dependent, and provides information about the probability that a patient is affected or 

not with a given test result [222, 224]. 

4.8.3 Study III 

Intra- and inter-rater reliability were in Study III investigated with Cohen´s kappa 
statistics together with percent agreement and 95% CI, both for each separate segment 
(foot, knee, pelvic and trunk) and as a merged rating for all segments together, the latter 
described as the variable “all segments”. For inter-rater reliability where multiple raters 
were compared, a generalised kappa coefficient presented by Fleiss was used [225, 

226]. 

As the magnitude and interpretation of the kappa coefficient can be influenced by 
factors such as prevalence index (PI) and bias index (BI) we also calculated and 

presented this together with the prevalence-adjusted bias-adjusted kappa (PABAK) 
[227]. The PABAK coefficient is relatively uninformative on its own due to the 
hypothetical situation where no prevalence or bias exists, but when presented in 
addition to the kappa coefficient it shows the effects of prevalence and bias on the 
kappa measure [227]. Finally, and as a further help in the interpretation of kappa, the 
kappamax was calculated which displays the maximum value of kappa that could be 
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obtained for a specific set of data [227]. The interpretations of the correlation estimates 

were similar to those in Study I.  

4.8.4 Study IV  

The normality of data was checked by comparing means and medians together with 
visual analyses of histograms, boxplots, and quantile-quantile (Q-Q) plots. Furthermore, 
the data was tested for skewness and kurtosis [218]. As not all data was normally 
distributed non-parametric statistics were used. Before any calculation, data 
concerning the left or right leg were categorised as a non-dominant leg (NDL) or 

dominant leg (DL). Regarding the outcome of the SLS, McNemar´s test was used to 
analyse the statistical difference between the dominant leg and the non-dominant leg. 
For the difference in hip strength and ankle dorsiflexion between the dominant leg and 
non-dominant leg, the Wilcoxon signed rank test for paired non-normally distributed 
data was used, and for the difference in hip strength and ankle dorsiflexion within the 
dominant leg and non-dominant leg, the Wilcoxon rank sum test for unpaired non-

normally distributed data was used. 

The dependent variable of Study IV was the SLS with a dichotomous outcome 
(pass/fail). Separately, for the dominant leg and non-dominant leg, two dependent 

variables were used in the statistical analysis: 1) the total score (pass/fail) of all 
segments, and 2) the pass/fail score for the separate knee segment. The choice of the 
independent variables was based on clinical experience and previous research [210]. The 
following continuous variables were included in the study: ankle dorsiflexion, hip 
strength, AFAQ, PSS-14, and the following categorical variables were included: age (16-19 
yrs., 20-24 yrs., and 25-39 yrs.), soccer division (1-3), a severe injury (yes/no), a time-

loss injury season 2021 (yes/no), a time-loss injury (yes/no), an injury problem (yes/no), 
PSQI (≤5 good sleepers/ ≥6 poor sleepers), and GAD-7 (no anxiety, ≥5 mild anxiety/≥10 

moderate/severe anxiety). 

All independent variables were tested with univariate logistic regression analyses. 
Separate models were constructed for the total score and the knee segment for both 
the dominant leg and non-dominant leg. A backward logistic regression analysis was 
used for the multivariate analyses that specified the significance level for the removal of 
eligible independent variables from the model at p ≥0.20. The results were expressed as 
odds ratio (OR) with a 95% confidence interval (95% CI). A stepwise logistic regression 

model might be justified when investigating a relatively new outcome, and when the 
importance of the covariates (independent variables) and their association with the 
outcome is not well understood [210, 211]. Stepwise regression might then be a fast and 
effective way to screen a large number of covariates [211]. Therefore, a stepwise logistic 
regression was chosen in Study IV as the association with most of the independent 

variables is unknown or has not previously been studied. It is recommended in multiple 
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regression models that for every variable screened for association, there are at least 10 

events [228]. However, this rule of thumb should not be applied categorically as other 
factors could affect the stability of a model [228], as well as there in some cases is 
evidence for reducing this rule to 5-9 events [229]. The final multivariate models were 
tested for adequacy by the Hosmer-Lemeshow Goodness of Fit test [230, 231] and by 
the “linktest” procedure in the statistical software program STATA 15.1. The remaining 

variables were also tested for possible interactions in an exploratory purpose. To 
ascertain that the basic assumptions for conducting logistic regression were met, data 
were checked for numerical limits, linearity of the log odds, multicollinearity, sample size, 
data independence, homogeneity, outlying and influential points [210, 211, 232, 233]. As 
the aim of the present study was to find associations with the outcome of the SLS, no 

adjustment for multiple comparisons (e.g., Bonferroni) was made as such an approach 
may inflate the risk of type II errors which makes it more difficult to identify associations 

[234]. 

4.8.5 Additional analysis 

In the additional analysis sensitivity, specificity, positive predictive value, negative 
predictive value, and a non-parametric receiver operation characteristic analysis were 
used to investigate the SLS ability to discriminate subjects with a previous or present 
injury from those with no previous or present injury (discriminative validity and 

diagnostic accuracy). Data from Study IV were used and four different types of previous 
injuries and two different types of present injuries were analysed: “a severe injury”, “a 
severe knee injury”, “a present time-loss injury”, “a time-loss injury previous four weeks”, 
“a present injury problem” and “an injury problem previous four weeks”. All separate 
segments of the SLS (foot, knee, pelvic and trunk) were analysed individually for the 

dominant leg and non-dominant leg. Furthermore, two different total scores were 
analysed; the dichotomous total score (pass/fail) used in Study IV and the total score 

with four categories (0-4 fail) which was used in Study III.   

In Study I, the statistical analyses were completed using comprehensive meta-analysis 

V.3 [216], in Study II-IV and the additional analysis STATA version 15.1 was used for all 
statistical analyses. In Study III STATA was also used with the extension of the 
“kappaetc” command which handles all types of kappa presented in the article [235]. 
Microsoft Office Excel version 16 for Windows 10 was also used in the different studies. 
In Study II to plot the Bland-Altman plots, in Study III to calculate prevalence index (PI) 

and bias index (BI) and in Study IV to collect and organise the data before importing it to 

STATA. In Study III kappamax was calculated via a web calculator [236]. 

 

  



 

40 

5 Results 
In this section, the overall results for Study I-IV and the additional analyses are 

presented. 

5.1 Study I 

The 31 included studies presented a variety of different SLS regarding their name, 
performance, and assessment criteria. In total, 29 studies were included for the 

synthesis of inter-rater reliability and 17 studies were included for the synthesis of intra-

rater reliability.  

5.1.1 Pooled agreement/synthesis of results 

The pooled agreement for inter-rater reliability was 0.58 (95% CI 0.50-0.65), indicating 
a “moderate” agreement (Figure 3). The test for heterogeneity was significant (Q=86.20, 
df=30, p<0.001) and the I2 statistics reported that 65% of the variability was attributed 

to heterogeneity. 
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Abbreviations: CI=Confidence Interval 

Heterogeneity: Q=86.20, df=30, p<0.001; I2=65% 
 
Figure 3. Forest plot and the pooled agreement coefficient of studies on the agreement coefficient (ICC, 
kappa, AC1) for inter-rater reliability of the Single Leg Squat in a random effect model. Nota Bene: This 
Figure was previously published in Study I; no changes have been made, the article is licensed under a 
Creative Commons Attributions 4.0 International License, https://creativecommons.org/licenses/by/4.0/. 

 

The pooled agreement for intra-rater reliability was 0.68 (95% CI 0.60-0.74), indicating 
a “substantial” agreement, see Figure 4. The test for heterogeneity was significant 

(Q=38.46, df=18, p=0.003) and the I2 statistics reported that 53% of the variability was 
attributed to heterogeneity. 

  

https://creativecommons.org/licenses/by/4.0/
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Abbreviations: CI=Confidence Interval 
Heterogeneity: Q=38.46, df=18, p<0.003; I2=53% 
 
Figure 4. Forest plot and the pooled agreement coefficient of studies on the agreement coefficient (ICC, kappa, 
AC1) for intra-rater reliability of the Single Leg Squat in a random effect model. Nota Bene: This Figure was 
previously published in Study I; no changes have been made, the article is licensed under a Creative Commons 
Attributions 4.0 International License, https://creativecommons.org/licenses/by/4.0/. 
 

5.1.2 Subgroup analysis 

When comparing the pooled inter-rater agreement for the approach of assessing one/two 
segments at a time (0.62, 95% CI 0.44-0.76) with the assessment of multiple segments 

(0.57, 95% CI 0.47-0.65) there were no significant differences (p=0.56) shown in the 
subgroup analysis. Nor were there any significant differences in the pooled agreement for 

intra-rater reliability (0.72, 95% CI 0.56-0.82 vs. 0.66, 95% CI 0.58-0.74, p=0.53).  

When comparing the pooled inter-rater agreement for the approach of assessing ≤3-point 

rating scales (0.64, 95% CI 0.56-0.71) with the assessment of ≥4-point rating scales (0.47, 
95% CI 0.33-0.58) subgroup analysis showed a significant difference between the two 
approaches (p=0.016). No significant difference was found for the pooled agreement of 

intra-rater reliability (0.71, 95% CI 0.62-0.77 vs. 0.60, 95% CI 0.44-0.73, p=0.18). 

 

 

https://creativecommons.org/licenses/by/4.0/
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5.1.3 Methodological quality 

Seven studies [130, 131, 157, 237-240] did not fulfil QAREL item 11, and one study [241]  
did not fulfil item 8. Sensitivity analysis on the importance of study quality showed that 
the pooled agreement for inter-rater reliability slightly increased to 0.60 (95% CI 0.51-
0.67), while the intra-rater reliability decreased to 0.62 (95% CI 0.53-0.71) when those 

eight studies were eliminated from the meta-analyses. Furthermore, all studies were 

assessed as “uncertain” for one or more items.  

5.2 Study II 

5.2.1 Test-retest reliability 

Altogether, 37 included subjects produced 296 Qinematic™ measures as the right and 
left leg were measured during the “way up” and the “way down” for both test occasions. 
After exclusion due to various reasons, 85% of the data were available. For the test-
retest reliability, both relative and absolute reliability were measured, and the results 
are summarised in Table 4. One of the variables, “left knee up”, showed a significant 
difference between the two test occasions (T1 6.34°, T2 0.66°, p =0.013) while the other 

three (left knee down, right knee up, and right knee down) did not. Those three variables 
reached “substantial reliability”, with ICCs ranging from 0.64 to 0.69 and “moderately 
strong” (r=0.61-0.68) for the Spearman correlation coefficient. The Standard error of 
measurement and smallest detectable change were calculated as absolute reliability 

(see Table 4). 
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5.2.2 Construct validity 

For the validity study, the 37 subjects produced 148 video recordings and after 
exclusion due to various reasons 76% of the data were available. As there was a 

significant difference between test occasions one and two for the left leg on the “way 
up” (also confirmed as a systematic difference with Bland Altman plots), this movement 
was not used in the validity study. In other words, only the way down for the right and 

left leg was evaluated.  

The largest area under the curve was reported when using a cut-off at 6° of medial 
displacement and showed a measure of 0.82 (standard error 0.04, 95% CI 0.74-0.90), 
which indicates a “moderate” accuracy [222, 223]. At the same cut-off point, the 
positive predictive value was 0.58 (95% CI 0.47-0.68), and the negative predictive value 

was 0.94 (95% CI 0.86-0.98). 

5.3 Study III 

Due to poor video quality, three of the 37 included subjects were excluded and a further 
three subjects could only be assessed for one leg. Hence, in total 65 video recordings 
and 34 test persons (24 women, 10 men) were included in the study. The test persons 

had a mean (±SD) age of 34 (12) years and about 80% of those were physically active 

two days or more per week.  

5.3.1 Inter- and intra-rater reliability 

The inter-rater and intra-rater reliability for each rater and each specific segment, 
together with a merged rating for all raters (rater 1-4) and all segments together are 
presented in Table 5 and Table 6. For all raters together (rater 1-4), the variable all 
segments for inter-rater reliability obtained a generalised kappa coefficient of 
“moderate” agreement 0.52 (95% CI 0.43-0.61), while PABAK reached “substantial” 

agreement (0.70, 95% CI 0.65-0.76). For intra-rater reliability and the variable all 
segments, an overall average kappa was calculated for all raters (rater 1-4) which 
reached an “almost perfect” agreement (ĸ = 0.82, 95% CI 0.77-0.86), no important 

difference was seen between kappa and PABAK. 
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Table 5. Inter-rater reliability for experienced raters with >20 years of clinical experience 

and novice raters with ≤4 years of clinical experience. 
 

aPA: Percent agreement 
bKappa: Cohen’s kappa, calculated by; ĸ =

𝑃𝑜−𝑃𝑐

1−𝑃𝑐
 

Where; Po (observed agreement) = 𝑎+𝑑

𝑛
 and Pc (chance agreement) =

(
𝑓1𝑥𝑔1

𝑛
)+(

𝑓2𝑥𝑔2
𝑛

)

𝑛
 

 
cKappamax: Is calculated so that the proportions of positive and negative judgements by each rater (i.e., the marginal 
totals) are taken as fixed, and the distribution of paired ratings (i.e. the cell frequency a,b,c and d) is adjusted to represent 
the greatest possible agreement. That will say, the maximum possible agreement for either the presence or absence of the 
disease is the smaller of the marginal totals in each case [227]. 
 
dPI: Prevalence index, calculated by;  𝑃𝐼 =

𝑎−𝑑

𝑛
 

 
eBI: Bias index, calculated by;  𝐵𝐼 =

𝑏−𝑐

𝑛
 

 
fPABAK: Prevalence-adjusted bias-adjusted kappa, calculated by;  𝑃𝐴𝐵𝐴𝐾 = 2𝑃0 − 1 
 
gAll segments: Denotes a merged kappa coefficient for the inter-rater reliability of each of the segments together (foot, 
knee, pelvis and trunk). 
 
hGeneralised kappa: A generalisation of Scott´s pi presented by Fleiss to calculate the inter-rater reliability of multiple 
raters [225, 235]. 
 
 
 
  

Raters PAa Kappab (CI 95%) Kappamax
c PId BIe PABAKf (CI 95%) 

Experienced 
Rater 1 vs. Rater 2 

      

Foot 1.0 1.00 (1.00-1.00) 1.0 0.91 0 1.00 (1.00-1.00) 
Knee 0.71 0.42 (0.21-0.64) 0.73 0.09 -0.14 0.42 (0.19-0.64) 
Pelvis 0.77 0.44 (0.22-0.66) 0.52 0.46 -0.20 0.54 (0.33-0.75) 
Trunk 0.86 0.63 (0.40-0.85) 0.71 0.52 -0.11 0.72 (0.55-0.90) 
All segmentsg 0.84 0.57 (0.46-0.68) 0.71 0.50 -0.11 0.67 (0.58-0.76) 
Novice 
Rater 3 vs. Rater 4 

      

Foot 0.99 0.66 (0.02-1.00) 0.66 0.95 0.02 0.97 (0.91-1.00) 
Knee 0.88 0.41 (0.10-0.72) 0.88 0.69 -0.03 0.69 (0.51-0.87) 
Pelvis 0.88 0.44 (0.12-0.76) 0.58 0.75 0.09 0.75 (0.60-0.92) 
Trunk 0.89 0.68 (0.46-0.90) 0.68 0.58 0.11 0.79 (0.63-0.94) 
All segmentsg 0.90 0.55 (0.40-0.70) 0.79 0.75 0.05 0.80 (0.73-0.87) 
All raters 
Rater 1-4 

PAa Generalised kappah (CI 95%)    PABAKf (CI 95%) 

All segmentsg 0.85 0.52 (0.43-0.61)    0.70 (0.65-0.76) 
Nota Bene: This Table was previously published in Study III, no changes have been made, the article is licensed under a Creative 
Commons Attributions 4.0 International License, https://creativecommons.org/licenses/by/4.0/. 
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Table 6. Intra-rater reliability for experienced raters with >20 years of clinical experience  
and novice raters with ≤4 years of clinical experience.  

aPA: Percent agreement 

bKappa: Cohens´ kappa, calculated by; ĸ =
𝑃𝑜−𝑃𝑐

1−𝑃𝑐
 

Where; Po (observed agreement) = 𝑎+𝑑

𝑛
 and Pc (chance agreement) =

(
𝑓1𝑥𝑔1

𝑛
)+(

𝑓2𝑥𝑔2
𝑛

)

𝑛
 

cKappamax: Is calculated so that the proportions of positive and negative judgements by each rater (i.e., the marginal 
totals) are taken as fixed, and the distribution of paired ratings (i.e. the cell frequency a,b,c and d) is adjusted to represent 
the greatest possible agreement. That will say, the maximum possible agreement for either the presence or absence of the 
disease is the smaller of the marginal totals in each case [227]. 

dPI: Prevalence index, calculated by;  𝑃𝐼 =
𝑎−𝑑

𝑛
 

eBI: Bias index, calculated by;  𝐵𝐼 =
𝑏−𝑐

𝑛
 

fPABAK: Prevalence-adjusted bias-adjusted kappa, calculated by;  𝑃𝐴𝐵𝐴𝐾 = 2𝑃0 − 1 

gAll segments: Denotes a merged kappa coefficient for the intra-rater reliability of each segment together (foot, knee, 
pelvis and trunk). 

hOverall kappa: Presents an overall average kappa for the variable all segments for all raters comparing test occasions one 
and two. Calculated with Cohens´kappa.  

Raters PAa Kappab (CI 95%) Kappamax
c PId BIe PABAKf (CI 95%) 

Experienced 
Rater 1  

      

Foot 1.0 1.0 (1.00-1.00) 1.0 0.91 0.00 1.00 (1.00-1.00) 
Knee 0.99 0.97 (0.91-1.00) 0.97 -0.06 0.02 0.97 (0.91-1.00) 
Pelvis 0.94 0.86 (0.73-1.00) 0.86 0.32 -0.06 0.88 (0.76-1.00) 
Trunk 0.95 0.89 (0.77-1.00) 0.96 0.40 0.02 0.91 (0.80-1.00) 
All segmentsg 0.97 0.93 (0.88-0.98) 0.98 0.39 -0.01 0.94 (0.90-0.98) 
Experienced 
Rater 2 

      

Foot 1.0 1.0 (1.00-1.00) 1.0 0.91 0.00 1.00 (1.00-1.00) 
Knee 0.86 0.71 (0.52-0.89) 0.97 0.25 -0.02 0.72 (0.55-0.90) 
Pelvis 0.92 0.74 (0.51-0.96) 0.95 0.65 0.02 0.85 (0.71-0.98) 
Trunk 0.99 0.95 (0.85-1.00) 0.95 0.62 0.02 0.97 (0.91-1.00) 
All segmentsg 0.94 0.82 (0.73-0.91) 0.99 0.60 0.00 0.89 (0.83-0.94) 
Novice 
Rater 3 

      

Foot 0.99 0.66 (0.02-1.00) 0.66 0.95 0.02 0.97 (0.91-1.00) 
Knee 0.92 0.72 (0.48-0.96) 0.94 0.68 -0.02 0.85 (0.71-0.98) 
Pelvis 0.89 0.17 (-0.22-0.55) 0.88 0.86 -0.02 0.79 (0.63-0.94) 
Trunk 0.92 0.69 (0.43-0.95) 0.94 0.71 -0.02 0.85 (0.71-0.98) 
All segmentsg 0.93 0.62 (0.45-0.78) 0.96 0.80 0.01 0.86 (0.80-0.92) 
Novice  
Rater 4 

      

Foot 0.97 0.48 (-0.16-1.00) 1.0 0.94 0.00 0.94 (0.85-1.00) 
Knee 0.91 0.70 (0.47-0.92) 0.70 0.63 0.09 0.82 (0.67-0.96) 
Pelvis 0.91 0.69 (0.46-0.93) 0.90 0.63 0.03 0.82 (0.67-0.96) 
Trunk 0.92 0.82 (0.66-0.97) 0.82 0.40 0.08 0.85 (0.71-0.98) 
All segmentsg 0.93 0.75 (0.64-0.86) 0.83 0.65 0.05 0.85 (0.79-0.92) 
Rater 1-4 PAa Overall kappah (CI 95%) Kappamax

c PId BIe PABAKf (CI 95%) 
All segmentsg 0.94 0.82 (0.77-0.86) 0.97 0.61 0.01 0.89 (0.86-0.91) 
Nota Bene: This Table was previously published in Study III, no changes have been made, the article is licensed under a 
Creative Commons Attributions 4.0 International License, https://creativecommons.org/licenses/by/4.0/. 
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5.4 Study IV   

A total of 254 players from soccer divisions 1-3 in Sweden were included in the study. 
Demographics, a previous severe injury, and biomechanical- and psychosocial factors 

stratified by division are described in Table 7.   

 

Table 7: Subject characteristics for the total group and stratified by divisions 1-3. 

*Denotes statistically significant differences between groups, p-values at p≤0.05;   
aAFAQ: Athletic Fear Avoidance Questionnaire; bPSS-14: Perceived Stress Scale 14-item; cPSQI: Pittsburgh Sleep Quality 
Index; dGAD-7: Generalized Anxiety Disorder 7-item scale; eKnee injuries; contains fractures, ligament- and overuse 
injuries expressed in total numbers and percentage; fOther injuries; contains all other injuries in the lower back and lower 

extremity except for the knee, expressed in total numbers and percentage. n: denotes the number of subjects in the total 
group and each division; Mdn: median; yr.=years; m=metres; kg=kilograms; DL=dominant leg; NDL=non-dominant leg. 

  

Characteristics Total group 
(n=254) 

Division 1 
(n=89) 

Division 2 
(n=51) 

Division 3 
(n=114) 

Age, yr.  
Mdn (min-max) 

 
22 (16-39) 

 
23 (17-38) 

 
23 (16-31) 

 
19 (16-39) 

Height, m  
Mdn (min-max) 

 
1.70 (1.52-1.83) 

 
1.71 (1.57-1.82) 

 
1.68 (1.52-1.83) 

 
1.69 (1.55-1.83) 

Weight, kg  
Mdn (min-max) 

 
63 (50-85) 

 
64 (55-85) 

 
62.5 (50-78) 

 
63 (50-83) 

Ankle dorsiflexion 
Mdn (min-max) 

Dominant leg  
Non-dominant leg  

 
 

45° (32°-56°) 

45° (34°-58°) 

 
 

44° (32°-54°) 
46° (35°-53°) 

 
 

45° (32°-55°) 
44° (34°-53°) 

 
 

45° (36°-56°) 
45° (36°-58°) 

Hip strength 
Mdn (min-max) 

Dominant leg  
Non-dominant leg  

 
 

96* (48-196)  

    98* (40-204) 

 
 

93 (60-172) 
97 (40-160) 

 
 

101 (62-196) 
102 (63-204) 

 
 

96 (48-144) 
97 (55-149) 

AFAQa  

Mdn (min-max) 
 

23 (10-45) 
 

23 (10-42) 
 

25 (10-42) 
 

21 (20-45) 
PSS-14b  
Mdn (min-max) 

 
32 (20-42) 

 
31 (22-42) 

 
33 (22-41) 

 
32 (20-39) 

PSQIc  
Mdn (min-max) 

 
5 (0-15) 

 
4 (0-15) 

 
4 (0-15) 

 
5 (1-14) 

GAD-7d  

Mdn (min-max) 
 

5 (0-20) 
 

4 (0-20) 
 

6 (0-16) 
 

6 (0-17) 
Severe injuries DL 
eKnee injuries, n (%) 
fOther injuries, n (%) 

 
40 (51%) 
38 (49%) 

 
9 (39%) 
14 (61%) 

 
16 (80%) 
4 (20%) 

 
15 (43%) 
20 (47%) 

Severe injuries NDL 
eKnee injuries, n (%) 
fOther injuries, n (%) 

 
36 (58%) 
26 (42%) 

 
15 (52%) 
14 (48%) 

 
10 (91%) 
1 (9%) 

 
11 (50%) 
11 (50%) 
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5.4.1 Dominant versus non-dominant leg 

In the sample, 231 players were right-footed, and 23 players were left-footed.  
Generally, there were more cases (fail on the SLS) for the dominant leg compared to the 
non-dominant leg, both for the total score and the knee segment. For the total score, 
there were 176 cases on the dominant leg compared to 117 cases for the non-dominant 
leg (p<0.001) and for the knee segment, there were 102 cases for the dominant leg 
compared to 70 cases for the non-dominant leg (p<0.001). A significant difference was 

found between the dominant leg and non-dominant leg regarding hip strength (p=0.03) 
but not for ankle dorsiflexion (p=0.11), see Table 7. There was a difference in hip strength 
between those who passed the SLS and those who failed the SLS for the total score and 
the knee segment. Within the non-dominant leg, the difference between those who 
passed and failed the SLS was significant for the total score (p=0.02) and the knee 

segment (p=0.01), but not for the dominant leg (total score: p=0.06, knee segment: 

0.32). 

5.4.2 SLS for all segments, the total score 

Regarding the univariate logistic regression analysis for the total score of all segments 
for the dominant leg, two variables were significantly associated with a failure on the 
test: ankle dorsiflexion and hip strength. For the non-dominant leg, four variables were 

significantly associated: soccer division, age, hip strength, and severe injury.   

The multivariate models for the total scores are reported in Table 8 and Table 9. The 
independent variables associated with the outcome of the SLS for the total score 
differed depending on which leg was tested, except for hip strength that was associated 
with both the dominant leg and the non-dominant leg (dominant leg: OR 0.99, 95% CI 

0.98-0.99, p=0.04, non-dominant leg: OR 0.99, 95% CI 0.97-0.99, p=0.03).  
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Table 8. Multivariate analysis of failing on the total score for the dominant leg during the SLS. 

 SLS for all segments: dominant leg 
 

Variables ORa 95 % CIb p-valuec 

PSS-14d 

(No stress/stress; 0-56) 
 

0.91 
 

0.83-0.98 
 

0.02* 
GAD-7e 

 
              No anxiety  
              Mild anxiety ≥5 
              Moderate/severe anxiety ≥10 

 
 
1 

1.83 
2.21 

 
 
 

0.96-3.50 
0.96-5.07 

 
 
 

0.07 
0.06 

Ankle dorsiflexionf 

WBLTf measured in degrees (TAf) 
 

0.94 
 

0.87-1.01 
 

0.08 
Hip strengthg 

CLAMg measured in Nm/(kg*m) *100 
 

0.99 
 

0.98-0.99 
 

0.04* 
*Denotes statistically significant p-values at p≤0.05.   
aOR: odds ratio; b95 % CI: 95 % confidence interval; cp-value: probability value; dPSS-14: Perceived Stress Scale 14-item 
instrument; eGAD-7: Generalized Anxiety Disorder 7-item scale; fAnkle dorsiflexion: measured with the Weight Bearing 
Dorsiflexion Lunge Test (WBLT) and calculated with a trigonometric dorsiflexion angle (TA). gHip strength: Side-Lying 
Clamshell (CLAM). 

 

 

Table 9. Multivariate analysis of failing on the total score for the non-dominant leg during the 

SLS. 

 SLS for all segments: non-dominant leg 
 

Variables ORa 95 % CIb p-valuec 

Division 
 
              Div. 1 
              Div. 2 
              Div. 3 

 
 
1 

1.79 
1.94 

 
 
 

0.85-3.79 
1.06-3.57 

 
 
 

0.13 
0.03* 

A previous severe injuryd 

 

              No 
              Yes 

 
 
1 

0.38 

 
 
 

0.19-0.77 

 
 
 

0.01* 
An injury probleme 

              
              No 
              Yes 

 
 
1 

2.28 

 
 
 

0.98-5.31 

 
 
 

0.06 
Hip strengthf 

CLAMe measured in Nm/(kg*m) *100 
 

0.99 
 

0.97-0.99 
 

0.03* 
*Denotes statistically significant p-values at p≤0.05.  
aOR: odds ratio; b95 % CI: 95 % confidence interval; cp-value: probability value; dA previous severe injury: One or more 
time-loss injuries during season 2021, or earlier, that lasted 3 months or more; eAn injury problem: An injury problem 
located in the head, lower belly, lower back, pelvic or lower extremities that did not demand any time-loss from game or 
training during the four weeks before or during the test occasion; fHip strength: Side-Lying Clamshell (CLAM).  
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5.4.3 SLS for the knee segment 

Regarding the univariate logistic regression analysis of the knee segment for the 
dominant leg, four variables were significantly associated with a failure on the test: 
soccer division, age, PSS-14, and GAD-7 if the subject belonged to the category mild 
anxiety. For the non-dominant leg, five variables were significantly associated: soccer 

division, age, hip strength, an injury problem, and AFAQ. 

The multivariate models for the knee segment are reported in Table 10 and Table 11. The 
independent variables associated with the outcome of the SLS for the knee segment 
differed depending on which leg was tested, except for division that was associated 
with both the dominant leg and non-dominant leg (dominant leg: div 2; OR 2.34, 95% CI 

1.01-5.12, p=0.033. div 3; OR 3.07, 95% CI 1.61-5.85, p=0.001.non-dominant leg: div 2; OR 

3.30, 95% CI 1.33-8.00, p=0.01. div 3; OR 3.05, 95% CI 1.44-6.43, p=0.003). 

 

Table 10. Multivariate analysis of failing on the knee segment for the dominant leg during the  

Single Leg Squat test. 

 SLS for the knee segment: dominant leg 
 

Variables ORa 95 % CIb p-valuec 

PSS-14d 

(No stress/stress; 0-56) 
 

0.90 
 

0.83-0.98 
 

0.01* 
GAD-7e 

 
              No anxiety  
              Mild anxiety ≥5 
              Moderate/severe anxiety ≥10 

 
 
1 

1.95 
1.52 

 
 
 

1.04-3.66 
0.68-3.39 

 
 
 

0.04* 
0.31 

Ankle dorsiflexionf 

WBLTf measured in degrees (TAf) 

 
0.95 

 
0.88-1.01 

 
0.11 

Division 
 
               Div. 1 
               Div. 2 
               Div. 3 

 
 
1 

2.34 
3.07 

 
 
 

1.01-5.12 
1.61-5.85 

 
 
 

0.03* 
0.00* 

*Denotes statistically significant p-values at p≤0.05;   
aOR: odds ratio; b95 % CI: 95 % confidence interval; cp-value: probability value; dPSS-14: Perceived Stress Scale 14-item 
instrument; eGAD-7: Generalized Anxiety Disorder 7-item scale; fAnkle dorsiflexion: measured with the Weight Bearing 
Dorsiflexion Lunge Test (WBLT) and calculated with a trigonometric dorsiflexion angle (TA).  
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Table 11. Multivariate analysis of failing on the knee segment for the non-dominant leg during the  

Single Leg Squat test. 
 SLS for the knee segment: non-dominant leg 

 
Variables ORa 95 % CIb p-valuec 

AFAQd 

(No fear/fear; 10-50) 
 

0.95 
 

0.91-0.99 
 

0.01* 
Hip strengthe 

CLAMe measured in Nm/(kg*m) *100 
 

0.98 
 

0.96-0.99 
 

0.00* 
Division 
 
              Div. 1 
              Div. 2 
              Div. 3 

 
 
1 

3.30 
3.05 

 
 
 

1.33-8.00 
1.44-6.43 

 
 
 

0.01* 
0.00* 

An injury problemf 

              
              No 
              Yes 

 
 
1 

3.11 

 
 
 

1.25-7.76 

 
 
 

0.02* 
*Denotes statistically significant p-values at p≤0.05;   
aOR: odds ratio; b95 % CI: 95 % confidence interval; cp-value: probability value; dAFAQ: Athletic Fear Avoidance 
Questionnaire; eHip strength: Side-Lying Clamshell (CLAM); fAn injury problem: An injury problem located in the head, 
lower belly, lower back, pelvic or lower extremities that did not demand any time-loss from game or training during the 
four weeks before or during the test occasion. 

 

5.5 Additional analysis 

To investigate the discriminative validity of the SLS some additional analyses not 
published in the four studies were performed. All results from the additional analysis are 
summarised in Appendix 1 (named Table 1-6). Depending on the definition of injury and 

the period, the prevalence of injuries varied between 4.8% and 23.1%.  

When interpreting the sensitivity, specificity, and predictive values in relation to each 
other for the different injuries in Appendix 1 (Table 1-6), the results show that the SLS is 

not good enough to discriminate a player with any kind of previous or present injury 
compared to an uninjured player. This is regardless of if the SLS is assessed as a 

separate segment or as a total score for all segments (pass/fail or with four categories). 

However, the separate foot and trunk segment had a specificity of >73% and a negative 

predictive value of >75% for all types of injuries, meaning that the SLS for those two 
segments in 75% of all cases could discriminate those who haven’t had a previous or 
present injury compared to those reporting any kind of injury. Furthermore, the results 
for the foot and trunk segments showed a negative predictive value of over 90% for “a 

present time-loss injury” and “a time-loss injury previous 4 weeks”.  
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6 Discussion 

6.1 Main findings 

The overall aim of this thesis was to develop and assess aspects of reliability and validity 
of the SLS among physically active people, and from a biopsychosocial perspective 

investigate factors associated with the SLS in a sample of female soccer players.  

The systematic review and meta-analysis in Study I made it clear that several different 

versions of the SLS exist regarding its performance and rating criteria. When meta-
analysed, the SLS showed moderate reliability across all types of SLS including the 
Forward Step-Down and Lateral Step-Down. The assessment with a ≤3-point rating 
scale showed a higher pooled agreement for inter-rater reliability compared with ≥4-
point rating scales and the reliability was not affected by the number of observed body 

segments.  

In Study II, a marker-less motion capture (MMC) system, the QinematicTM was evaluated 
for its test-retest reliability and construct validity when measuring a SLS. The idea was 
to bring the QinematicTM into future studies in this thesis, but as the QinematicTM 

showed poor absolute reliability and a diagnostic accuracy that only partly was 

acceptable, the QinematicTM wasn’t further investigated. 

To further investigate the visually assessed SLS, a standardised multi-segmental SLS 

was proposed and evaluated in Study III. Regardless of the raters’ experience, and with a 
2-hour education, the proposed multi-segmental SLS showed a “moderate” inter-rater 
reliability and an “almost perfect” intra-rater reliability for a combined assessment of all 

segments together (the variable “all segments”). 

In Study IV, this multi-segmental SLS was studied in a sample of female soccer players 
to investigate its association with demographics, previous injuries, and biomechanical 
and psychosocial factors. The study identified a variety of factors associated with the 
outcome of the SLS for both the total score and the separate knee segment. The results 
implicate that the clinician seemingly needs to consider several factors when assessing 

the SLS among female soccer players, such as leg dominance, division inherency, hip 
strength, and psychosocial factors. The results might also be of importance to consider 
in future prospective studies on the predictive value of the SLS for injury prevention in 

female soccer players. 

Moreover, in an additional analysis, the diagnostic accuracy of the SLS to discriminate 
subjects with a previous or present injury from those with no previous or present injury 
was investigated. The analysis showed that the SLS was not good enough to 
discriminate a player with any kind of previous or present injury regardless of whether 
the SLS was assessed as a separate segment or as a total score for all segments. 
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However, analysis of the separate foot and trunk segments indicated that those 

segments could discriminate against those who haven’t had a previous or present injury. 

6.2 The SLS in clinical testing  

Study I clearly showed that the performance and assessment of a visually assessed SLS 
vary in the clinical setting [242], which makes it difficult for the clinician to decide on 

what test is the best to use. The results from Study I suggest that even if the SLS is 
performed in various ways the SLS seemingly shows acceptable levels of reliability 
across all types of SLS including the Forward Step-Down and Lateral Step-Down. The 
results from Study I validated the possibility for a clinician to assess more than one 
segment at a time, and it brought some clearness in the choice of rating scales and 

confirmed the knowledge that the reliability of a visual assessment, in general, will 

improve with fewer classification categories [105, 109].  

Since the publication of Study I (2019), three new studies with a multi-segmental 
approach for the SLS [162, 243, 244] and one narrative review for the Lateral Step-Down 

test [245] have been published. These studies support our findings that the SLS has 
acceptable levels of reliability across all types of SLS and that the clinician can assess 
more than one segment at a time [242]. The four studies report an inter-rater reliability 
ranging from moderate to almost perfect (kappa 0.55-0.93) [162, 243-245]. In a general 
perspective, previous and present findings and the results from Study I point out the 

need for a standardisation of the SLS regarding its performance and assessment 
criterion, as well as an improvement of the methodological quality of the studies 
investigating their measurement properties [105, 156, 242, 245]. With that in mind, the 
multi-segmental SLS investigated in Study III was developed according to previous 
findings [105, 156, 242, 245] and was evaluated with a more robust methodological 

standardisation. The multi-segmental SLS investigated in Study III was concluded to be 
reliable enough to be used in an active population. Interestingly, regardless of the rater’s 
experience and following a 2-hour education, and without too many facilitating factors 
the results still showed acceptable kappa values. This is in contrast to some previous 
studies on the reliability of the SLS, which in general improves with a more extensive 
education of the raters [242, 246]. Some studies add more facilitating factors such as 

markers and poles which also affect the reliability positively [242]. Hence, the reliability 
of the SLS in Study III might be improved with longer education and with regular use of a 

clinician even if the results reported are within acceptable levels.   

Different methods and classifications can be used to interpret kappa values [149], and 
the choice of a cut-off score might seem arbitrary. Parameters of reliability are sample 
dependent as it is easier to distinguish subjects in a heterogenous population than in a 
homogenous population [149].  In a skewed, homogenous, population the kappa value will 
usually be lower even if the value theoretical can reach one [149]. In the clinical context, 
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the rater's experience and level of education most often vary. In addition, the subjects 

assessed and the context (environment and settings) in which the test is performed will 
most likely also vary. Taking the clinical context into consideration, it might be 
reasonable to consider a lower cut-off score (kappa >0.40) to be acceptable. This has 
been proposed in some previous studies investigating the reliability of different tests 
used in manual therapy [247-250]. On the contrary, others recommend a kappa of 

0.60-0.75 and state that anything less might be useless [223].  

6.3 Validity and reliability of the QinematicTM 

When studying the validity and reliability of the QinematicTM, it turned out that three out 
of four variables in Study II (left knee down, right knee up, and right knee down) reached 

“substantial reliability”, with an ICC ranging from 0.64 to 0.69 and “moderately strong” 
(r=0.61-0.68) for the Spearman correlation coefficient. However standard error of 
measurement (SEM: 9.09°-9.85°) and smallest detectable change (SDC: 26.06°-27.30°) 
were relatively high. This is in contraction to previous studies using Kinect data showing 
relatively small standard errors of measurement (SEM: 3.62°, 4.38°) [125] and smallest 

detectable changes (SDC: 4.1°) [126] values for the peak joint angle of different joints and 
different functional tests (the vertical drop jump, the SLS and double leg squat). This 
difference could be because the QinematicTM registers segmental displacement during 
the whole movement and calculates a Net Trajectory Angle (NTA) which cannot be 
compared to studies that calculate the peak joint angle [122, 124-127]. Moreover, Grooten 
et al. [192] also showed poor measurement properties of the QinematicTM in its ability to 

measure balance, posture, and side bending. 

Still, Qinematic™ might be able to monitor a group over time but cannot be 
recommended to be used on an individual level as the absolute reliability (SEM and 

SDC) was too high. The high absolute reliability could, of course, have been due to the 
individual variation in performing the SLS between the two test occasions, but when 
analysing the video recordings with high NTA such as 15-30 degrees, it was clear that 
the poor absolute reliability was not a result of a large within-subject variation. Most 
likely this might have been an effect of the small medial and lateral displacements of the 
knee occurring during the movement which resulted in large angles of NTA which 

estimates the “line of best fit” during the whole SLS. No matter what, the NTA which 
captures the whole movement in one point seems to be more unreliable compared to 

capturing peak joint angles at one specific point during the movement.  

To investigate the construct validity of the QinematicTM, data from the QinematicTM was 
compared to a visual assessment of the SLS assessed as “a knee-medial-to-foot 
position” or “a knee-over-foot position”. The largest area under the curve was reported 
to be 0.82 when using a cut-off at 6° of medial displacement which indicates a 
“moderate” accuracy [222, 223]. At the same cut-off point, the Positive Predictive Value 
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was 0.58 (95% CI 0.47 to 0.68), and the Negative Predictive Value was 0.94 (95% CI 

0.86 to 0.98). This indicates that the SLS has a probability of 58% to assess subjects as 
“a knee medial to foot position” when the QinematicTM exceeded 6 degrees (positive 
predictive value) and a 94% probability to assess subjects as “a knee over foot position” 
when QinematicTM does not exceed 6 degrees. From a clinical perspective, it can be 
debated if the use of Qinematic™ adds any new information as clinicians can visually 

assess a knee-over-foot position with good accuracy [129]. As a result of poor absolute 
reliability, the NTA was not recommended for the use to assess knee medial to foot 

position and the QinematicTM wasn’t used in further studies.  

6.4 Discriminative validity of the SLS  

The validity of a test is important to determine if the test measures the construct it 
purports to measure [8], and the discriminative validity to understand if a test for 
example can discriminate between injured and non-injured subjects. In a clinical 
context, the discriminative validity of the SLS could support a practitioner in the clinical 
decision-making process to decide whether a player should participate in a game or 

not, both if the player has a minor injury problem or in return to play after a time-loss 

injury.  

When the prevalence of a condition in a sample is low, the Positive Predictive Value will 
decrease and the Negative Predictive Value will increase [251]. This statistical fact is also 

seen in the additional analysis in the present thesis, see Appendix 1. There are today no 
generally accepted thresholds for specificity, sensitivity, and predictive values [251, 252], 
even though there have been attempts to recommend qualitative descriptors [251]. 
Regardless of the acceptable threshold, it is evident that the results of diagnostic 
accuracy must be interpreted in relation to each other and not separately to eliminate 

over- or underestimation of the results [251].   

When interpreting the sensitivity, specificity, and predictive values in relation to each 
other for the different injuries in the additional analysis, the results showed that the SLS 
could not discriminate a player with any kind of previous or present injury from a player 

not reporting an injury. This was evident regardless of whether the SLS was assessed as 
a separate segment or as a total score for all segments (pass/fail or with four 
categories). This finding is in line with Whatman et al. [244] who reported; that 
individuals with a history of a previous intra-articular knee injury (3-11 years ago) have no 
increased likelihood of failing on a visually assessed SLS. Whatman et al. [244] further 

discussed several reasons for their results and proposed that the time since the injury 
was one important factor as well as there might be no remaining deficits left with 
appropriate rehabilitation. Somewhat unexpectedly, the odds of failing on the SLS for 
the total score on the non-dominant leg in Study IV were significantly lower for those 
with a previous severe injury. A possible explanation for the decreased odds might be 
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that 50 percent or more of the included subjects in Study IV who reported a previous 

severe injury, reported knee injuries (ligament injuries or fractures) that caused a time 
loss of at least three months. These subjects most likely underwent rehabilitation where 
knee control and thus the SLS were integrated. Interestingly, when looking more carefully 
at the statistics in the study by Whatman et al [244], one could see that the odds of 
failing (however not significant) on the vertical drop jump were lower if the subject had a 

history of a previous intra-articular knee injury (OR=0.91) compared to those with no 
previous intra-articular knee injury when adjusted for sex and age and that the odds 
ratio for the SLS was close to one (OR=1.04, non-significant). Perhaps these results, and 
the results from Study IV are an indication of not just successful rehabilitation but also 

improved movement quality.  

In contrast to a previous injury that occurred some month or years ago, a time-loss 
injury or an injury problem that occurred four weeks ago/or is ongoing might be of 
greater interest as the player continues to play with pain and discomfort. In a study of 
non-arthritic hip pain patients, it was shown that the patients who passed the SLS 

reported less pain and greater levels of physical function in their activities in daily living 
and sport-related activities [243]. This is in contrast with our additional analysis but is in 
line with the findings from Study IV, which showed 2-3 times higher odds of failing on 
the total score and the knee segment in the non-dominant leg (but not the dominant 
leg) if the player had an ongoing injury problem or an injury problem that occurred 

previous four weeks.  

One reason for the poor discriminative validity of the SLS, and no further injury 
association in Study IV, might be that we except for “a severe injury” in the knee didn’t 
analyse any other type of injuries from various anatomical locations. In other words, the 

outcome of the SLS was only analysed in relation to an injury in the lower extremity and 
trunk. Another reason might be the exclusion criteria of Study IV which excluded all 
players “suffering from an ongoing injury that made it impossible to perform the 
physical tests without pain, or else if the player considered that participation meant an 
additional risk for injury”. The players were informed that if they experienced pain during 

the test, a maximum limit of 3-4 on the Visual Analog Scale was acceptable. Pain during 
a functional movement is of interest and might be an important clinical sign [1, 88] as 
there is abundant research saying that proprioception will be affected by pain, swelling, 
trauma, and fatigue [253]. Even though the SLS is not a specific test of proprioception in 
a specific body part it involves both sensory and motor functions in the whole kinetic 

chain from the foot to the trunk. 

However, the separate foot and trunk segment in the additional analysis had a 
specificity of >73% and a negative predictive value of >75% for all types of injuries, 
meaning that the SLS for those two segments in 75% of all cases could discriminate 

those who haven’t had a previous or present injury. Furthermore, the SLS for those two 
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segments had a negative predictive value of >90% for “a present time-loss injury” and “a 

time-loss injury last 4 weeks”. However, due to the low prevalence of the number of 
cases in these segments, the results should be interpreted with caution. From a clinical 
perspective, it is important to know that previous injuries are a risk factor for a new 
injury, both in male and female soccer players [254-256]. In addition, research also 
reports that the recall accuracy is low in retrospective questionnaires regarding sports 

injuries (i.e. the athletes do not remember their injuries and the circumstances around 
them) [257, 258] and that the perception of pain and the concept of injury differ 
extensively between subjects. For example, it has been reported that athletes have 
consistently higher pain tolerance and different attitudes towards pain compared to 
non-athletes or active control subjects [12, 259]. If an intervention is costly, high 

specificity is preferred and for an athlete, costly often means time-consuming [74]. 
Hence, the knowledge of the high specificity and negative predictive value of the foot 
and trunk in discriminating those without a previous or present injury could perhaps be 
used by the clinician in the decision to reduce or facilitate the rehabilitation regarding 

some specific traits in the exercise prescription.  

6.5 The SLS from a biopsychosocial perspective   

In a biopsychosocial perspective and within the context of the Movement Continuum 
Theory (MCT) various factors could affect the outcome of a functional test.  
According to the MCT, both external and internal factors affect the quantity and quality 
of a movement [7]. External factors can be divided into external (e.g. heat, rain) and 

social factors (e.g. politics, culture), and internal factors can be divided into physical (e.g. 
anatomy, physiology) and psychological factors (e.g. personality, emotions) [7]. Using the 
MCT as a theoretical framework highlights the importance of viewing the assessment of 
the SLS from a more holistic perspective in clinical practice as well as for research 
purposes. This is in line with the results from Study IV; that the outcome of the SLS was 

associated with various demographic, biomechanical and in addition psychosocial 
factors, both for the total score and for the knee segment. In a general perspective, and 
with small variations, the same independent variables turned out to be of importance in 
the multivariate models within the dominant leg and non-dominant leg, but they differed 

between the dominant leg and non-dominant leg.   

6.5.1 Biomechanical and demographic factors 

The SLS could be seen as an easy test, which needs to be complemented with other 
more challenging tests to provoke or elicit a movement quality deficit, especially in well-

trained athletes. However, looking at the whole sample of female soccer players in Study 
IV, 46%-69% of the players failed the SLS when assessed as a total score and 28%-40% 

failed the SLS when assessed as a separate knee segment. 
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The results from Study IV also showed that regardless of whether the SLS was assessed 

as a total score for all segments, or as a separate knee segment, it was significantly more 
common to fail on the dominant leg than on the non-dominant leg. This finding has also 
been found in a cohort of 558 youth soccer players (boys and girls) where the authors 
suggested that this could have been due to an imbalance in knee control between the 
legs [260]. The better SLS performance for the non-dominant leg might not be 

surprising if one considers the nature of the sport where repeated soccer drills in a 
unipedal stance will modify proprioceptive factors, muscular control, and strength in the 
non-dominant leg [261-264]. In line with this finding, Study IV also found an increased 
odds of failing on the total score for the non-dominant leg, but not the dominant leg, for 
players in the lowest division compared to players from the highest division and 2-3 

times higher odds of failing on the knee segment for both the dominant leg and non-
dominant leg in players from a lower division. It could be argued that the players in the 
higher division, who are more skilled, also have a higher skill in controlling the weight-
bearing leg on the soccer field, and therefore might be better in the performance of the 

SLS. 

The hip strength in stud IV was significantly stronger in the non-dominant leg compared 
to the dominant leg for the whole sample of soccer players. The observed higher levels 
of hip strength for the non-dominant leg might not be surprising if considering the 
nature of the sport with repeated soccer drills in a unipedal stance. For the total score, 

we found significantly lower odds of failing on the SLS for higher levels of hip strength on 
both legs, however for the knee segment, this was only seen for the non-dominant leg. 
Overall, the results implicate that hip strength is important and associated with the 
outcome of the SLS. However, the confidence interval for the association with hip 
strength was close to one, and a significant test (Wilcoxon rank sum test for unpaired 

non-normally distributed data) showed that there were no differences in hip strength 
for those who failed and those who passed the SLS on the total score for the dominant 
leg (p=0.06). This might raise some questions about how strongly hip strength is 
associated with the SLS, especially for the dominant leg. Other important aspects of 
muscle function other than pure strength during the SLS are muscle activation and 
neuromuscular control [50-52], these features contribute with other qualities than 

strength which has been shown effective in correcting a knee valgus [86, 265]. 
Considering our findings, one could reason that the role of hip strength might be less 
important if other factors such as muscle activation and neuromuscular control are 
worse in the dominant leg compared to the non-dominant leg. In other words, the SLS 
might demand a certain amount of muscle strength, but if other functions such as 

muscle activation or neuromuscular control are superior to strength, the importance of 

strength might not be that decisive for a successful outcome of the SLS.  
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Ankle dorsiflexion was not significantly associated with the total score and the separate 

knee segment in any leg, and this was a little bit surprising as most research supports 
that decreased ankle dorsiflexion affects the SLS in a negative way [50, 54, 169-172, 
266]. The findings in Study IV could have been related to the relatively good ankle 
mobility displayed by this sample of female soccer players, and the lack of contrast in 
our data as the range in data was small, which might have hampered the possibility of 

finding significant associations with the outcome of the SLS. Perhaps, females have an 
increased ankle dorsiflexion compared to men, and our findings are normal for a sample 
of female soccer. In that case, ankle dorsiflexion is not a factor when assessing the SLS in 
a female population. However, future studies must confirm or reject this finding in a 

similar population.  

6.5.2 Psychosocial factors 

Research has shown that psychosocial factors such as an athlete’s thoughts, emotions, 
and actions are associated with the outcome of rehabilitation and that an athlete who 

can deal with his fear and anxiety will experience more positive rehabilitation results 
[176, 177, 267]. Psychosocial factors such as anxiety [185] and fear of movement [179, 
268] could for example affect readiness to return to sport and return to the preinjury 
level after an anterior cruciate ligament injury. In addition, negative life-event stress and 
strong stress responsivity have been reported to be important risk factors for injuries 

among athletes [56], it is also possible that such an emotion could affect the 
rehabilitation and return to sport [267, 269]. It is therefore recommended to take these 
factors into consideration in the process of rehabilitation and return to sports [267]. 
Since studies are sparse on how psychosocial factors relate, affect or associate to an 
outcome of a functional movement test that is included in the rehabilitation, further 

research in this field is warranted. However, evidence exists that physical performance 
might be affected by psychosocial factors during the rehabilitation of an anterior 

cruciate ligament injury [59, 60].  

Three out of four investigated psychosocial factors were significantly associated with 

the models in present thesis. Unexpectedly, small increases on the stress scale were 
associated with relatively large odds of passing the SLS on the dominant leg. Stress per 
se might not explain the outcome of the SLS. Instead, stress might be related to other 
non-measured variables directly associated with the outcome. Even though the 
associations were not seen for both legs and no causal direction can be given from 

Study IV, the results indicate that a clinician might consider psychosocial factors such 
as anxiety and fear of avoidance in the rehabilitation and test-retest situation when 

using the SLS.  

The results might also be of importance to consider in future prospective studies on the 

predictive value of the SLS for injury prevention in female soccer players. Perhaps we 
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can understand, or consider, these psychosocial factors not only as factors associated 

with the outcome but as factors affecting the pathway between a previous injury and 
the test situation. The impact of psychosocial factors on the outcome of a functional 
test has not yet been considered in sports medicine but might be of importance for 

future studies to better understand the outcome of a test. 

6.6 Methodological considerations 

6.6.1 Internal validity 

Internal validity examines the extent to which the study design, conduct, and analysis 
can answer the research questions without any bias [270]. In other words, it concerns 
whether the design and conduct of a study eliminates other explanations for the results. 
Overall, the internal validity of the included studies in this thesis can be seen as good. 

However, there are limitations and some practical choices have been made which could 
have affected the internal validity, those limitations are important to keep in mind when 

interpreting the results. 

6.6.1.1 Study I 

The major strengths of Study I are the study design with an extensive literature search 
and the applied methodology which was performed according to Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses guidelines (PRISMA statement) [188, 
189]. The methodological study design strengthens the internal validity as bias is 

minimised in the methods of data collection and analyses of the results. Furthermore, 
the risk of bias within the included studies was checked with the Quality Appraisal of 
Reliability Studies Checklist (QAREL) [190] which is a reliable and specially designed 
checklist to assess the quality of studies of diagnostic reliability [191]. One drawback 
with Study I is that the methodological quality of the included studies was questioned 

which must be considered when interpreting the results. One specific issue was that 
seven studies didn’t fulfil item 11 of QAREL (if appropriate statistics were used). However, 
sensitivity analysis on this matter showed that the results of pooled agreement stayed 

the same when those seven studies were excluded.  

Another strength of Study I was the merge of different SLS and the inclusion of Lateral 
Step-Down and Forward Step-Down which allowed pooling more than 30 studies with 
similar performance but also to compare multiple results from different studies. On the 
contrary, one could question whether it is correct to compare different types of SLS and 
the Forward Step-Down and Lateral Step-Down as there is a biomechanical difference 

in their performance. Nevertheless, the sensitivity analysis when excluding the Forward 
Step-Down and Lateral Step-Down only gave a minor change in the results which 
confirms the robustness of the results. Finally, Study I reported a moderate 
heterogeneity (I2=53%-65%) which implicates a great variability across the included 
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studies. The included studies varied in performance, assessment protocols, study 

population, and experience of the assessors, this suggests that a standardisation of the 

SLS is required.   

Statistically, different correlation statistics were merged in the pooled analyses as many 

of the included studies in the meta-analysis used various kappa statistics and ICC 
models and sometimes did not report the ICC model used. This could of course have 
affected the pooled agreement estimates. To be able to perform the meta-analyses, 
some choices had to be made if more than one reliability measure was presented for 
the same rating if different assessment methods were presented in the same study, and 

regarding which kappa statistics to include if more than one option was given. Those 
choices were necessary for the data processing and this methodology has previously 
been reported [156]. Finally, in a systematic review and meta-analysis, there is always a 

risk that a study has been missed due to poor indexing. 

6.6.1.2 Study II 

A major strength of Study II regarding the internal validity is the methodological 
structure where the COnsensus-based Standards for the selection of health 
Measurement INstruments (COSMIN) [147, 271] and the Quality Assessment of 

Diagnostic Accuracy Studies (QUADAS) [272] were used. Furthermore, an adequate 
sample size with more than 50 measures was used as recommended for reliability and 
validity studies [149, 273]. The most obvious limitation with Study II was the lack of a 3D 
kinematic gold standard which would have been better than the used visual assessment. 
However, the use of a construct such as the visually assessed SLS was the most obvious 

and practical choice in the absence of a gold standard.  

Statistically, as two variables (left knee down and right knee up at occasion one) were 
non-normally distributed Spearman correlation coefficient was calculated in addition to 
ICC. To calculate and assess ICC on non-normally distributed data is a limitation in 

Study IV and the ICC results must therefore be interpreted with some caution. 

6.6.1.3 Study III 

Study III had three major strengths; the use of a methodological standardisation based 
on the Quality Appraisal for Reliability Studies checklist (QAREL) [190], the use of 
different statistical computations, and that the evaluated SLS was based on the findings 
from previous studies investigating the reliability of the SLS. Furthermore, an adequate 
sample size with more than 50 measures was used as recommended for reliability and 

validity studies [149, 273] 

Statistically, the magnitude of kappa is among others influenced by prevalence and bias, 
and a comparison of the strength of the kappa across other studies with different 
statistics could therefore be difficult [149, 227]. The interpretation of the magnitude of 
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the kappa statistics in Study II with both kappamax and PABAK can therefore be seen as a 

strength of the study.  

6.6.1.4 Study IV 

The major strengths of Study IV are the inclusion of a specific sample of both elite and 
sub-elite female soccer players, the recruitment of many players, and the inclusion of 
different associated factors. The analyses of the four models were based on valid and 
reliable instruments for collecting the data and a robust statistical analysis. In multiple 
regression models it is recommended that for every variable screened for association, 

there should be at least 10 events [228]. This was not an issue for the total score models 
and the knee model for the dominant leg but a little bit on the low side for the non-
dominant leg in the knee model. However, this rule of thumb should not be applied 
categorically as other factors could affect the stability of a model [228], as well as there 
in some cases is evidence for reducing this rule to 5-9 events [229]. Further limitations 
that need to be considered when interpreting the results are that only one person (JR) 

performed all biomechanical tests, which could have rendered a systematic error in the 
assessment. Retrospective questions about previous injuries have been shown to have 
low recall accuracy which could have affected the data of previous injuries [257, 258]. In 
addition, the psychosocial questionnaires used in Study IV were not evaluated for its 

measurement properties in the exact same population. 

Even though Study IV was based on a robust statistical analysis, it cannot be ruled out 
that other unmeasured or confounding factors might have affected the results. In 
addition, Study IV used a cross-sectional design, meaning that no conclusion can be 

made about a causal relationship between the dependent and independent variables.  

6.6.2 External validity 

External validity refers to whom the results can be applied, sampling and different 
design factors (contextual factors) are therefore threats to the generalisability of the 
results [270]. The study population in Study II and III was a convenience sample of both 
men (27%) and women (73%), with an average age of 34 years (SD ±12), who were 
relatively active, mostly with running/jogging and weightlifting. Therefore, no further 
generalisations to another population than an active non-injured population can be 
made from the findings in Study II and III. However, the population in Study II and III 

might be seen as an adequate population for the SLS to be applied for in general use as 

in primary care.  

Optimally, the SLS that was used in Study IV should have been evaluated in the same 

population as it was used. Still, the subjects in Study IV (elite and sub-elite female 
soccer players) can be seen as an active population, which corresponds to the study 

population in Study III. On the other hand, in Study III there were also males included. 
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The proposed multi-segmental SLS in Study IV was built on the findings from Study I 

where 65 % of the included subjects were healthy active people including many athletes 
aged 18 to 37 years. Furthermore, the functional aspects of sport-related actions were 

considered when proposing the SLS.  

A strength of Study III was the use of video recordings to observe and assess the SLS, 
recording was chosen to standardise the testing procedure so several raters could 
assess identical performances without the normal within-subject variety. On the other 
hand, this lowers the test's ecological validity if the clinician assesses the performance 
live in the clinical situation, which is most common. One further limitation of Study III is 

that no generalisation can be done across raters or clinicians from the four raters that 
were included. Finally, the results from Study IV might only be generalised to female 
soccer players of the same age and players at the same competition level (divisions 1-3) 

in Sweden. 

6.7 Clinical implications 

Movement quality has been identified as an independent attribute as it, unlike other 
quantitative measures such as power or strength, aims to capture other important 
aspects of a movement such as movement efficiency and the maintenance of a good 
posture, balance, and vertical alignment [3, 89, 100]. In this context, the present thesis 
contributes to further understanding and knowledge about the use of the SLS in the 

clinical setting and research.   

The study of QinematicTM indicates that this marker-less motion capture system might 
be able to monitor a group over time but is not recommended to be used on an 

individual level due to poor absolute reliability. Perhaps the use of QinematicTM could be 

used as a pedagogic tool in the dialogue with the patient.  

This thesis revealed that clinicians can use a multi-segmental approach to the SLS in a 
reliable way, preferably with a ≤3-point rating scale. However, even though the different 

SLS, the Forward Step-Down, and the Lateral Step-Down measure the same construct, 
not all SLS exhibit the same kinematics and kinetics. A clinician is therefore advised to 
be aware of those differences when choosing a SLS. Furthermore, not all SLS are 
developed and evaluated with a proper methodological quality, the clinician is therefore 
recommended to scrutinise the methodological setup for the chosen test. The 

standardised multi-segmental SLS in Study III is proposed to be reliable enough to be 
used in an active population. However, as the education of the raters is of importance 
there should be a minimum of a 2-hour education on the assessment criteria before its 

use.  
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The clinician needs to consider the following when using the SLS:  

• Although the SLS sometimes is seen as less vigorous compared to other tests, 
the SLS should not be considered an easy test as 46%-69% of the female soccer 

players in study IV failed the SLS when assessed as a total score, and 28%-40% 
failed the SLS when assessed as a separate knee segment.  
 

• It is important to obtain information about division inherency and leg dominance 

as it is more common to fail on the SLS on the dominant leg, and the odds of 
failing on the SLS were higher for those players in the lower divisions, both for the 
knee segment (non-dominant leg/dominant leg) and the total score (only the 
non-dominant leg).    
 

• Since the SLS seems to be associated with hip strength, further examination of 
hip strength is recommended in those subjects who fail the SLS. 
 

• The outcome of the SLS can be expressed as a total score but is in addition also 

recommended to be reported as a pass/fail for each separate segment. This is to 
give a more complete picture of the outcome of the SLS. 
 

• The SLS assessed as a total score or as a separate knee segment is associated 

with previous injuries, biomechanical factors, and psychosocial factors but differs 
depending on whether the dominant leg or non-dominant leg is assessed. 
 

• The SLS cannot discriminate players with any kind of previous or present injury in 

the lower back or lower extremities from non-injured players.  

 

From a research perspective, it is of interest to further study the predictive value of the 

SLS in relation to various associated factors in a longitudinal design. The differences 
found in this study between the dominant leg and non-dominant leg indicate that data 

should be stratified, rather than adjusted, for leg dominance in the statistical analysis.    
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7 Conclusion 
The SLS including the Forward Step-Down and Lateral Step-Down is a reliable 
movement quality test that could be used in the clinical setting, both with a uni-
segmental and multi-segmental approach, preferably with a ≤3-point rating scale.  
 
Due to poor absolute reliability, the use of the Qinematic™ net trajectory angle, which 
estimates the “line of best fit”, cannot be recommended to assess a knee medial to foot 

position.  
 
The proposed standardised multi-segmental SLS is seen as reliable enough to be used 
in the clinical setting regardless of the rater’s experience and with a common 2-hour 
education.  

 
When assessed as a total score or as a separate knee segment, the SLS is associated 
with a variety of factors that differ depending on whether the dominant leg or non-
dominant leg is assessed. The clinician seemingly needs to consider several factors 
when assessing the SLS among female soccer players, such as leg dominance, division 
inherency, hip strength, and some psychosocial factors. These results might be of 

importance to consider in future prospective studies on the predictive value of the SLS 
for injury prevention in female soccer players.  
 

The SLS does not seem to discriminate between injured and non-injured athletes. 
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8 Future research and directions 
Future research on the SLS regarding its measurement properties should be carried out with 
good methodological quality and performed in different populations and for raters with 
different experiences. Furthermore, a general standardisation of the SLS performance and 
assessment criteria would be desirable. Until today, it seems that the SLS has not been 

evaluated for its responsiveness which is of importance if the test is to be used as an 

evaluation tool for progress during the rehabilitation.  

A completely different aspect of the SLS would be to understand how the test person senses 
or apprehends the SLS when it is performed. Does the test person understand what the test is 

all about, why it is important to perform the test, and is the test experienced as easy or 
difficult? Such qualitative aspects could contribute to a further understanding and 

development of the test. 

The predictive validity of the SLS still needs to be evaluated, and therefore were the female 
soccer players in Study IV followed during the soccer season 2022 and registered for time-
loss injuries and/or injury problems every four weeks. It will be interesting to investigate this 
data and explore the SLS in an injury-preventive aspect. Moreover, data regarding hormonal 
factors such as menstruation, pain when bleeding and hormonal contraceptives were 
collected at baseline. The purpose is to investigate how the SLS is affected by those gender-

specific hormonal factors.  

Finally, to get an objective measure of movement quality, there is still a need for a reliable and 
valid marker-less motion capture system in the clinical setting that could quantify the 

movement.  
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