
 

 

 

 

 

 

 

 

Movement analysis of side step cutting motion in 

agility testing for elite athletes 

Nils Óskar Nilsson 

Thesis of 30 ECTS credits 

Master of Science in Exercise Science and Coaching 
 

June 2014 

 

  



 

 

 

 

 

 

 

Movement analysis of side step cutting motion in 

agility testing for elite athletes 

 

Nils Óskar Nilsson 

Thesis of 30 ECTS credits submitted to the School of Science and 

Engineering 

 at Reykjavík University in partial fulfillment  

of the requirements for the degree of  

Master of Science in Exercise Science and Coaching 

 

June 2014 

Supervisor(s):  

Magnús Kjartan Gíslason 

Assistant Professor, Reykjavík University, Iceland. 
 

Milan Chang Guðjónsson 

Assistant Professor, Reykjavík University, Iceland. 
 

Einar Einarsson 

Adjunct, Reykjavík University, Iceland. 
 

Examiner(s):  

Guðfinna Halldórsdóttir, Examiner 

Biomedical Engineer at Össur 



 

i 

 

 

 

 

Abstract 

Change of direction, such as side step cutting, is a major part of 

many team sports since it helps to cope with the various situations 

in a game setting. Certain factors determine the way in which an 

athlete is able to move quickly and they are the key components in 

performing successfully in a sporting context. The purpose of this 

study was to investigate the difference between three side step 

cutting methods in relation to the cut time and knee and ankle angles. 

Biomechanical testing with the utilization of two dimensional 

analysis of three different methods (Natural (N), Knee over toes 

(KT) and Valgus (V)) of side step cutting. The subjects were 30 

athletes that played soccer, handball or basketball (20.3 ± 3 years, 

186 ± 5 cm, 83.4 ± 8 kg, mean ± SD). Each subject performed three 

successful trials for each method using the dominant leg. Reaction 

time (RT), cut time (CT) and movement time (MT) was measured 

as well as knee and ankle angles. Cut time was shorter for the V 

method than the KT method. The findings also indicate that when 

the V method is utilized the mean knee flexion is shallower than the 

KT method and has more valgus knee flexion in coronal view than 

the KT method. The mean ankle dorsiflexion in the V method is also 

shallower than the KT method. When the V and KT methods are 

viewed in relation to the N method for sagittal mean knee flexion 

the V method is closer to the N method than it is to the KT method. 

Side step cutting with an increased coronal knee valgus, V, is a faster 

method than the KT method in relation to the sporting context. Such 

methods might be utilized to maximize performance in the shortest 

amount of time. 

 

Keywords: change of direction, side step cutting, methods, cut time. 
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Útdráttur 

Í hópíþróttum eru stefnubreytingar eins og hliðarskref stór þáttur í 

því að geta tekist á við aðstæður sem komið geta upp á í keppnum. 

Til þess að ná hámarks árangri í keppni þurfa íþróttmenn að geta 

hreyft sig hratt en það er háð ákveðnum breytum. Tilgangur þessa 

verkefnis er að skoða þrjár mismunandi aðferðir í hliðarskrefi með 

áherslu á hliðarskrefstíma og horn hnjá- og ökklaliða. 

Grunnlínumæling var tekin á 30 íþróttamönnum í þremur 

íþróttagreinum: handbolta, knattspyrnu og körfubolta, (20.3 ± 3 ára, 

186 ± 5 cm, 83.4 ± 8 kg, meðaltal ± staðalfrávik). Stuðst var við 

tvívíddar myndgreiningu þar sem skoðaðar voru þrjár mismunandi 

aðferðir við að framkvæma hliðarskref: náttúrlega aðferðin (N), hné 

yfir tá (KT) og valgus staða á hné (V). Þrjár fullnægjandi mælingar 

voru teknar fyrir hverja aðferð, en ríkjandi fótur var notaður í öllum 

tilfellum. Viðbragðstími (RT), hliðarskrefstími (CT), hreyfitími 

(MT) ásamt hornum hnjá og ökkla voru mæld. Niðurstöðurnar 

leiddu í ljós að hliðarskrefstíminn var styttri í V aðferðinni heldur en 

KT aðferðinni. Einnig kom í ljós að þegar V aðferðin var notuð var 

meðalbeygjan á hnénu minni í sagittal plani heldur en ef KT aðferðin 

var notuð og hafði meiri valgus stöðu á hnjáliðnum í coronal plani 

heldur en hjá KT aðferðinni. Meðal dorsiflexion á ökkla hjá V 

aðferðinni er einnig grynnra en hjá KT aðferðinni. Þegar beygjur á 

hnjáliðnum með V og KT aðferðunum voru skoðaðar í tengslum við 

N aðferðina í sagittal plani kom í ljós að V er nær N heldur en KT 

aðferðinni. Hliðarskref þar sem V aðferðinni er beitt eru hraðari en 

þegar KT aðferðinni er beitt. Í keppnisaðstæðum þar sem tími er 

veigamikill þáttur getur útfærsla á hliðarskrefi skipt máli þar sem 

hámarka skal árangur. 

 

Lykilorð: stefnubreytingar, hliðarskref, aðferðir, hliðarskrefstími. 
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Introduction 

Ever since the first ancient Olympic Games humans have been competing 

against each other in various disciplines, testing their physical and mental 

abilities. The evolution of athletes has been remarkable and their performance 

sometimes seems to defy the laws of nature (Young, 2004). What makes this 

evolution possible are many adjoining factors that are interconnected to the 

mental, physical and emotional attributes of athletes. The improvements of these 

factors are facilitated through diverse methods and techniques which are rooted in 

the field of sports science which seeks to maximize the performance of athletes. 

The utilization of these methods and techniques is in the hands of coaches and 

athletes as it is their experience and intuitions as well as the science which 

determines the final performance (Freeman, 2014). 

 Sports have been classified in many ways but the most common 

classification is categorizing sports into team and individual sports. One of the 

major characteristics of many team sports is that the athletes need to be able to 

make some kind of change of direction (CoD). This ability is often required 

during performance when athletes are trying to trick an opponent or to avoid 

hitting him, an obstacle or to chase a ball, puck or a shuttlecock (Schot, Dart, & 

Schuh, 1995). A soccer player performs on average about 600 swerves and turns 

at diverse angles in a game setting (Bloomfield, Polman, & O’Donoghue, 2007). 

Another dominant skill in team sports is being able to accelerate/decelerate 

over short distances for various reasons. Moving rapidly from one place to 

another is in many cases a crucial factor in determining winning or losing in a 

game setting (Johnson et al., 2010). 

 The ever growing numbers of participants playing team sports like soccer 

(265 million), handball (19 million) and basketball (450 million) are among those 

who are most likely to be subjected to such movements whilst playing their sports 

on a regular basis (“FIBA,” 2014; Kunz, 2007; Nauright & Parrish, 2012).  

When comparing injuries within sports the most frequent accidents occur 

in basketball (20%) and soccer (21%), due to the popularities of these sports the 

injury rates are there for very high. For high school female athletes the majority of 
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serious knee injuries occur in basketball or soccer (Cowley, Ford, Myer, 

Kernozek, & Hewett, 2006). 

The purpose of this literature review is to shed light on the research that 

has been done in similar fields as the one that is being done parallel to this review. 

The emphasis will be on covering the basic components used in an agility test 

where subjects chase a table tennis ball from a static position (A), touching it and 

then making a change of direction (side step cutting) at a 45° angle (B) and 

returning to place (C). The components of this literature review are the agility test, 

anatomy and physiology of the knee and ankle, muscle tissue type and energy 

systems, reaction time, sprinting and then CoD. As technique will be a factor in 

this study the hypothesis is that side step cutting with a valgus knee alignment is 

faster than side step cutting when the knee is bent over the toes.  
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Agility test 

Sheppard and Young classified agility in a literature review in 2005. Their 

classification has a certain criteria which are that the movement must involve 

CoD, a beginning of body movement or rapid deceleration or acceleration. The 

whole body must be involved in the movement, it must be an open skill 

movement and the movement must involve substantial spatial or temporal 

uncertainty. The movement must involve a cognitive and physical element, such 

as stimulus recognition, reaction, or execution of a physical response (Sheppard & 

Young, 2006). 

 Brewer (2008) explains agility as the capabilities of athletes to quickly and 

exactly change the position of the body or its direction. In many team sports 

athletes need to be able to cover distances of 2-20 meters quite fast. Acceleration 

is a key component in agility and as acceleration is a vital part of sprinting 

performance, there is a relation between acceleration and sprinting (Bompa & 

Haff, 2009). Agility training is a good way of improving the athlete’s performance 

and should, with experience, help the athlete to sustain sudden CoD and reactive 

changes at high speed. Agility drills such as ladder drills and dot drills are good 

for improving specific technique but it’s vital that the athlete is also trained for 

unanticipated situations where his decision making and surrounding factors 

become familiar and stable under competition conditions (Brewer, 2008). 

 Many different agility tests have been used to assess the CoD speed for 

players in team sports such as the Illinois agility, pro agility shuttle, 3- cone drill 

and T- test (Lockie, Schultz, Callaghan, Jeffriess, & Berry, 2013). 

Several studies have investigated CoD and in the rugby league, players are 

evaluated using tests such as the ´L´ run, 505 test, Illinois agility run and the 

modified 505 test (Gabbet, Kelly, Ralph, & Driscoll, 2009; Gabbett, Johns, & 

Riemann, 2008; Meir, Newton, Curtis, Fardell, & Butler, 2001). 

In a study by Gabbet et al. from 2008, similar attributes were investigated 

but the focus was mainly on reactive agility. The purpose of the study was to 

differentiate the highly skilled agility players from the less skilled by testing CoD, 

speed and reactive agility. The participants in the study were 42 rugby league 
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players who were tested in CoD (L´ run, Illinois agility run and modified 505 

test), reactive agility and speed (5, 10, 20 m sprints). Players were categorized by 

the results on the reactive agility test where movement time and decision time and 

speed decided whether athletes received first or second grade. Players with first 

grade (N = 12) had faster movement and decision times as well as faster running 

speed and second grade players (N = 30) had slower movement and decision 

times and slower running speed. During the tests there was no significant 

difference between the first and second graders for CoD speed. The 10 m and 20 

m sprint times and the CoD of speed were significantly related to movement times 

on the reactive agility test. Measures of linear speed and CoD speed were not 

significantly related to measures of decision time and response accuracy on the 

reactive agility test. The results of this study poses questions about the validity of 

preplanned CoD speed tests for differentiating highly and lesser skilled players 

but puts emphasis on the part that perceptual skills play in agility for athletes in 

sports like rugby (Gabbet, Kelly, & Sheppard, 2008). 

 As for the criteria of agility it is obvious that the main joints involved in 

agility are the knee and ankle joints. Participants in agility tests are subjected to 

acceleration/deceleration and CoD and it has become evident in various studies 

that such actions increase loads on the knee joints and are influenced by landing 

patterns (Boden, Torg, Knowles, & Hewett, 2009; Dempsey et al., 2007; Hewett, 

Torg, & Boden, 2009; Kristianslund, Faul, Bahr, Myklebust, & Krosshaug, 2012; 

Vanrenterghem, Venables, Pataky, & Robinson, 2012). 

 The reaction, rapid acceleration or deceleration and fast movements have 

been associated with physiological factors such as muscle tissue type which might 

influence the performance of individuals partaking in an agility test (Mero, 

Jaakkola, & Komi, 1991; Wilson et al., 2011). 

 The performance in agility testing in relation to time and speed is highly 

related to sprinting, as both agility and sprinting involve components such as 

whole body movement, reaction (start) and acceleration (Bompa & Haff, 2009; 

Sheppard & Young, 2006). 

Anatomy and physiology 

In order to understand the relationship between the knee joint, ankle joint, 

muscle tissue type, energy systems and agility it is necessary to explore the 
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anatomy, biomechanics and physiology of the muscles and joints used in such a 

test. 

The knee. The knee is a complex joint that has to deal with various 

loading conditions at the same time as it offers stability, flexion and rotation. This 

modified hinge joint is one of the primary joints which make locomotion possible 

and it is the largest joint of the musculoskeletal system (Goldblatt & Richmond, 

2003; Kazemi, Dabiri, & Li, 2013). The knee joint is able to move in all three 

anatomical planes although it is mostly dominated in the sagittal plane where it 

can move from full extension or 0°to full flexion which is about 140°. The 

position of the knee in sagittal plane affects external and internal rotation. When 

the knee is fully extended that rotation is limited but it is maximized at a 90° 

flexion in sagittal plane when the internal rotation is possible to about maximum 

30° and external to about maximum of 45°. The abduction and adduction of the 

knee joint is also influenced by the joint flexion. Abduction or adduction is 

maximized in knee flexion but only to a few degrees (Nordin & Frankel, 2001). 

The two individual articulations which make up the knee are the patellofemoral 

and the tibiofemoral joints. The tibiofemoral joint is the one responsible for the 

action between the tibia and femur, as the femoral condyles and the tibial plateaus 

mechanically slide against each other. The lateral and medial menisci situated 

between the femoral condyles and tibial plateaus absorbs impact and allows for a 

frictionless movement of the joint as well as helping with rotation of the knee 

(Goldblatt & Richmond, 2003). Many surrounding components make up this 

complex joint such as the tibia, femur, fibula, ligaments, menisci and articular 

cartilages (Kazemi et al., 2013). The medial condyle of the femur is larger than 

the lateral condyle when considering the proximodistal and anterior/posterior 

directions. This explains the anterior/posterior alignment of the knee as well as the 

contributing to the valgus. The medial femur is able to rotate on the tibia through 

three axes due to these shapes and move to a partial extent in the anterior/posterior 

direction. Laterally the femur is able to move in the anterior/posterior direction 

but is only able to rotate around the transverse axis close to extension. The 9° 

posterior slope and the 3° lateral inclination of the tibial plateau, in relation to the 

joint line, generates in most knees an overall posterior- inferior and a valgus 

placement between 10° to 12°. Between the femoral trochlea and the patella is a 
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sellar joint called the patellofemoral joint. Its primary role is allowing extension 

and keeping the knee stable (Goldblatt & Richmond, 2003). The patellar ligament 

located anteriorly is a knee stabilizer and it is attached to the distal part of the 

patella and connects to the tibia. The lateral and medial collateral ligaments 

supply lateral and medial stability for the knee joint. Tibiocollateral ligament is on 

the medial side and is connected to the tibia and femur. The fibular collateral 

ligament is on the lateral part and is connected to the fibula and the femur. The 

oblique ligament connecting the lateral posterior femur to the medial posterior 

tibia is the popliteal ligament and its main goal is to stabilize the knee posteriorly 

(Kreighbaum, 1996). One of the most complex structures in the knee joint is the 

anterior cruciate ligament (ACL) as it plays an important role for the overall 

function of the joint (Goldblatt & Richmond, 2003). These two ligament bundles, 

the posterior cruciate ligament and the anterior cruciate ligament, cross each other 

within the knee’s articulation. The posterior cruciate ligament attaches to the 

posterior tibia and crosses to the anterior femur. The anterior cruciate ligament 

attaches to the anterior tibia and crosses to the posterior femur. A backward 

disarticulation of the femur (anterior cruciate) on the tibia and a forward 

disarticulation of the femur (posterior cruciate) on the tibia is mainly prevented by 

the cruciates (Kreighbaum, 1996) 

 ACL injuries are common amongst athletes but females are more prone to 

suffer such injuries. An estimate has been made that 38.000 ACL injures take 

place each year amongst female athletes in the United States alone (Hewett, 

2005). 

 A valgus alignment of the knee is where the distal part of the femur and 

the proximal part of the tibia are closer to the midline of the body than the 

proximal part of the femur and the distal part of the tibia. It places more stress 

then normally on the medial side of the knee and it gives a knock- kneed 

alignment (Kreighbaum, 1996). Hewett et al. (2005) defined dynamic valgus as a 

motion or position of the distal tibia away from and distal femur towards the 

midline of the body, measured in three dimensions. 

Cowley et al. (2006) used a joint coordinate system to calculate knee 

valgus and varus in their research on female athletes. Their definition of knee 

valgus and varus was measured by the subjects static standing as markers from the 
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hips down to the ankle were calibrated as being 0° and a positive deviation from 

that being varus and negative numbers being valgus. Knee valgus moments were 

studied and calculated from the force and motion of the movement using inverse 

dynamics (Cole, Nigg, Ronsky, & Yeadon, 1993). 

Moments are calculated as a cross product of a force vector and the 

perpendicular distance of a center of rotation (joint center) from the line of action 

of that force vector (Nordin & Frankel, 2001). 

In a longitudinal observational study from 2010 X-ray imaging was used 

to investigate 3026 subjects in relation to knee valgus/varus. The knee alignment 

was measured by using hip-knee-ankle calculations and the angles were defined 

as varus ≤ 178°, valgus ≥182°, and neutral as 179–181° (Sharma et al., 2010). 

 Kamath et al. (2010) called for a unified reporting system to improve 

clarity and consistency when reporting lower extremity angular alignment, as the 

existing literature uses the terms valgus and varus for different purposes. They 

proposed the 180° radiographic model and that the valgus and varus would be a 

deviation from a 180° normal. 

The ankle joint. The ankle joint connects three bones, the talus, tibia and 

the fibula as its distal end connects with the lateral side of the talus. The ankle is 

compromised by three smaller joints which are the tibiofibular, fibulotalar and 

tibiotalar joints. The ankle joint is classified as a hinge joint because of its 

dorsiflexion (flexion) and plantarflexion (extension) capabilities. Abduction and 

adduction movements of the ankle are also possible but they are in the transverse 

plane and inversion and eversion occurs in the coronal plane. Ranges of motion of 

the ankle joint occur mainly in the sagittal plane as plantar- or dorsiflexion and are 

defined as a normal flexion as 40 - 55° plantarflexion and 10 - 20° dorsiflexion 

(Nordin & Frankel, 2001). The rotation axis of the ankle joint is not in a proper 

frontal plane as it is situated 13° backward from the frontal plane on the lateral 

side and 7° downward from the lateral to the medial side. This angle of the axis 

generates a slight disorientation of the foot from the proper sagittal plane motion 

during dorsiflexion and plantarflexion. Because of the convex form of the superior 

talus and the distal end of the tibia being concave it makes up a stable bony 

arrangement of the ankle joint which is quite strong (Kreighbaum, 1996). The 

ankle joint is also stabilized by joint congruency and ligaments. The resistance 
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against inversion and internal rotation is because of the anterior and posterior 

talofibular ligaments and the calcaneofibular ligament. External rotation and 

eversion is resisted by the deep and superficial deltoid ligaments. The ligaments 

responsible for keeping the distal fibula and tibia stable are the anterior, posterior 

and transverse tibiofibular ligaments and the interosseous ligament (Nordin & 

Frankel, 2001). 

 The anterior talofibular ligament and the calcaneofibular ligament are the 

two most frequently sprained ankle ligaments. Most often individuals sprain these 

ligaments during movements which end with a falling or landing with the foot 

inversed or plantarflexed (Nordin & Frankel, 2001). 

The skeletal muscle tissue. Muscle fiber type is categorized by contractile 

speed into three types: type I fibers, type IIa fibers and type IIx fibers. Each fiber 

type has a specific enzyme profile consisting of protein chains which determines 

how well the fibers tolerate fatigue, produce energy (anaerobically or aerobically) 

and how fast they contract. Type I fibers have also been called endurance fibers or 

slow twitch fibers as they are very fatigue resistant but contract at a relatively 

slow speed. Muscles that are predominantly made of this type of fibers use energy 

that is predominantly made aerobically which means that oxygen is utilized which 

is connected to a good blood supply inside the muscles. Type I fibers are larger 

than the other types of fibers and are also rich of mitochondria. Type IIa fibers 

have also been called fast twitch oxidative-glycolytic (FOG). This type is also rich 

in mitochondria and quite resilient to fatigue and mostly suited for low intensity 

exercise which is performed in a fast and repetitive manner. Type IIx fibers have 

very fast contractile abilities and are used for high intensity and very powerful 

movements. The energy produced when Type IIx fibers are used is anaerobic 

which means that the fibers fatigue easily and can only be used for a small period 

of time. Mitochondria in this type is smaller than for the other types, and blood 

flow is not as substantial as for the other fiber types (Brewer, 2008). 

 Athletes have been investigated in relation to muscle fiber type and results 

have shown that elite power and weight lifters have considerably greater fast 

twitch fibers, about 60% (IIa and IIx) compared to endurance athletes. Individuals 

that are untrained have been known to have a 50% slow twitch muscle fibers (I) 

and 50% fast twitch fibers (IIa and IIx). It has also been shown that sprinters have 
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up to 80% of fast twitch muscle fibers (IIa and IIx) compared to the long and 

middle distance runner who have around 60-70% of slow twitch muscle fibers (I). 

The ratio of muscle fibers for individuals is based on genetics but can be modified 

with training. Evidence points out that it is possible to decrease type I and 

increase type II with high velocity isokinetic contractions such as sprints. 

Evidence also suggest that a conversion from type I to type II is possible with 

endurance type training (Wilson et al., 2011). 

 Individuals with higher percentage of type II muscle fibers are able to 

react and move quicker than those with type I muscle fibers as the type II fibers 

have faster contractile abilities. This was demonstrated in research from 1991 

where the relationship between muscle fibers and performance in young athletes 

was investigated. The athletes were designated into two groups, fast and slow. 

The fast group had 59.2 ± 6.3% of muscle fiber II compared to the slow group 

which had 39.4 ± 9.8%. The fast group had faster reaction times to sound and 

choice reaction times and had a greater rate of force development (Mero et al., 

1991). 

Energy systems. Energy that is required for muscular contraction is made 

by the conversion of adenosine triphosphate (ATP) into adenosine diphosphate 

(ADP) + inorganic phosphate (Pi) (ATP → ADP + Pi). Energy is produced by 

three systems in the body depending on what kind of physical activity is being 

performed and they are all integrated with one another supplying energy. The 

Phosphagen (ATP-PC) system is simplest and the fastest one and functions 

without utilizing oxygen. It is possible to describe the relationship between the 

system and ATP in three different reactions. The first reaction is where the ATP is 

broken down to ADP and Pi which makes energy. As the resource of ATP inside 

each muscle is not endless it is necessary to make up some more ATP. The second 

reaction takes care of that by resynthesizing ATP from ADP and phosphocreatine 

(PCr). The PCr is broken down into phosphate (Pi) and creatine (C) and the Pi is 

used with the ADP to form more ATP. The last reaction breaks ADP into 

adenosine monophosphate and Pi which results in ATP being made from the Pi 

and ADP. The phosphagen (ATP-PC) system is a very fast system as the ATP 

supply inside skeletal muscle depletes quickly (Bompa & Haff, 2009). After that 

time period the glycolytic system takes over but that system is closely connected 
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to the body’s blood glucose and glycogen supplies as those two substances are 

broken down in the body to make energy. This system also functions without 

oxygen and its goal is to convert glycogen and glucose into pyruvate. This is a 

complex procedure which produces three molecules of ATP (if glycogen is 

utilized) two (if glucose is utilized) and hydrogen which is later used with oxygen 

to make up ATP (Brewer, 2008). It is possible to divide glycolysis into two parts: 

fast and slow. Fast glycolysis has a byproduct called lactic acid which is 

converted into lactate. The human body can only make this conversion to a certain 

limit and if this process is impaired lactic acid builds up causing fatigue or 

movement to stop. Slow glycolysis takes over as fast glycolysis has functioned for 

around two minutes or as the rate of glucose or glycogen breakdown slows down 

which means less lactic acid and the body starts to buffer the lactic acid to lactate 

to form pyruvate. Pyruvate is used in the mitochondria for oxidative metabolism 

and lactate is converted into glucose or used in an oxidative metabolism when it 

has been converted into pyruvate by skeletal muscle or the heart (Bompa & Haff, 

2009). The oxidative system is oxygen dependent as glycogen or glucose is used 

by the working muscle. The mitochondria inside the muscle uses oxygen for the 

oxidation of glucose or glycogen as a fuel source for making ATP but the system 

can also use fatty acids and proteins. The oxidative system is used for long 

periods of work were the intensity is low (Dick, 2007). 

For high intensity sprints ranging from 1-5 s seconds the majority of the 

energy (96%) is provided by the anaerobic system (Dintiman, 2003). Workloads 

for the majority of agility test lasts from 5-30 seconds so the majority of the 

energy used would be ATP and the phosphagen system. 

 

Reaction time 

The literature has explained motor learning with a computer like model 

called the information processing model. According to this model the process of 

information starts with an input or information coming from the environment that 

the individual detects (stage 1). The information passes on inside the human body 

going through several of complex procedures (stage 2) and ending up with a 

reaction (stage 3) based on the type of information received by the environment 

(Honeybourne, Moors, & Hill, 2000; Schmidt & Wrisberg, 2008). Sources of 
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input can come from a variety of triggers such as a starting pistol, illuminating 

light, an object in the environment such as an opponent or a ball, puck or a 

shuttlecock. At the stimulus identification (stage 1) level a signal or information is 

taken in from the surroundings through the sensory organs such as the eyes, ears 

and nose and also by proprioception. The identified signal is analyzed and 

different components of the signal are gathered. A ball flying through the air 

would be processed in this way by a subject trying to catch a ball. The different 

components of the ball might be color, its shape, direction, speed as well as the 

trajectory of the ball being pattern- or random- like which are all valuable 

information for an individual trying to catch it. Response selection (stage 2) 

utilizes the information obtained in stage 1 and individuals have to produce a 

response to commensurate to the information. For example an individual trying to 

catch a ball might decide whether to catch it or let it go and what technique will 

be chosen to catch it. When the individual has selected an appropriate motor 

program and prepare the muscles for contraction, posturing up for the physical 

demands of the action selected and adjusting the sensory system according to the 

situation. The results of this complex process is summed up in the term called 

output or where the individual catches the ball (Honeybourne et al., 2000; 

Schmidt & Wrisberg, 2008). 

 An individual preparing to catch a ball needs to be able to figure out and 

identify light information which reflects from the surface of the ball. This 

information is vital for movements performed in a sporting context as the 

perception of athletes involves sensing and noticing changes in various forms of 

energy flowing in the environment such as sound waves, neural activations and 

light waves. As an athlete gets ready to catch a ball he needs to precisely locate 

the ball in space (where) as well as knowing the exact point in time (when). This 

spatio- temporal information needs to be acquired quickly so that the proper 

skeletal muscles and joints are coordinated for a successful movement. In some 

sporting situations athletes need to keep in mind that the ball can be affected by 

various techniques resulting in spinning of the ball, a swerve or drag effects 

(Williams, Davids, & Williams, 1999). 
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Perceptual and decision making tasks in a sporting context can be difficult 

as individuals are sometimes required to integrate knowledge obtained from 

previous places and experiences (Masters, Poolton, Maxwell, & Raab, 2008). 

How fast and how effective an athlete makes his decision is closely related 

to his reaction time (RT). The definition of RT is the time from stimulus 

identification until the beginning of the person’s response. In a sporting context 

where movements need to be rapid and forceful, success often depends on how 

fast athletes detect environmental factors such as the direction and speed of the 

ball flying through the air in soccer or the opponent’s movement in various 

sporting context (Schmidt & Wrisberg, 2008). 

RT is dependent on many variables such as how long it takes for a 

stimulus to reach a sensory organ, the transformation from a stimulus to a neural 

signal, neural conduction and dispensation and activation of the appropriate 

muscles (Pain & Hibbs, 2007). 

After an athlete reacts to a stimulus and starts to move another term takes 

over which is the movement time. The definition of movement time is the time 

from the beginning of a movement and until the movement ends (Schmidt & 

Wrisberg, 2008). 

When researching motor behavior researchers from Hong Kong used a 

table tennis robot to get subjects to react and decide what to do when a table 

tennis ball came flying towards them. Subjects were divided into two groups 

where one group got step by step instructions and the other group received 

analogical instruction. Subjects were put through a test in which they needed to 

respond using high and low complexity decision making in relation to the 

direction where the ball should be hit. The researchers analyzed movement 

patterns using a motion capture system comparing the two methods of 

instructions. The results of the research indicated that an analogical instruction is 

better suited for cognitive efficient motor control. Implicit motor learning seems 

to make the performance more stable when there is a need for complicated 

decision making followed by a motor action (Masters et al., 2008). By using a 

table tennis robot the researchers were able to incorporate reaction, as the robot 

was utilized as a starter pistol, decision making and fast movement into the 

research. 
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Slawinski et al. (2010) researched elite and well trained sprinters in 

connection with reaction time (RT) and the two initial steps after clearing the 

blocks. The results indicated that the mean reaction time of the elite sprinters was 

not significantly better than the well trained sprinters (0.151 ± 0.016 s vs. 0.158 ± 

0.033; p = 0.7). The difference between the two groups had increased at 5m (1.20 

± 0.04 s) and at 10m (1.88 ± 0.03) for the elite athletes and was at 5m (1.25 ± 0.03 

s) and at 10m (1.97 ± 0.05 s) for the well trained sprinters (p ≤ 0.05). What 

influences the first 10 meters at a 100 m sprint is the reaction time and the first 

steps of the run. There was not a significant difference in RT between the elite or 

the well trained sprinters where the elite ones had 0,151 s and the well trained had 

0,158 s. It has been suggested that factors such as maximum speed and 

acceleration are more important than RT in regards to performance (Mero, Komi, 

& Gregor, 1992). The number of participants in this research might have 

influenced the results, as more participants might have given different results. The 

researchers also discuss the resistance training as it can improve coordination and 

speed but they do not specifically mention ballistic and plyometric training as 

other authors have done (Ross, Leveritt, & Riek, 2001; Wilson et al., 2011) 

 RT has been recorded at the World championships for several years. If the 

reaction time for the 100 meters sprint is examined the average time for the ’91 

championship was 0.133, the ’99 was 0.138 and the ’09 was 0.139. The difference 

between the fastest and the slowest RT is 0,006 s which is an insignificant 

difference. When all the running events are considered the RT increases 

proportionally with the length to each race (Ae, Ito, & Suzuki, 1992; Ferro et al., 

2001; Schiffer, 2011). 

 Results from a study where 1319 16- 47 year old elite sprinters were 

investigated indicate that average RT is 0.166 ± 0.030 s for males and 0.176 ± 

0.034 for females (Tønnessen, Haugen, & Shalfawi, 2013). 

Handball players have also been studied in relation to simple reaction time. 

Subjects in one of these studies were asked to perform visual and auditory RT 

tests which were taken by using the software DirectRT. In the visual test the 

subjects were asked to click a button when they saw an object appearing on a 

computer screen. The auditory test was similar, subjects however had to press a 

button when they heard a specific sound coming from the computer. The results of 
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the study show that the players had a mean auditory RT of 284 ms and visual RT 

of 331 ms (Shelton & Kumar, 2010). The findings from this research are 

interesting but the section concerning the statistical analysis is lacking in many 

areas. 

 Ruschel et al. (2011) tested professional and amateur Portuguese soccer 

players for visual and auditory simple RT. The findings imply that there is not a 

difference between those groups in visual RT. Professional players had faster 

auditory RT than the amateurs (162 ms vs. 183.7 ms) but no significant difference 

was found in visual RT. The results of the study suggest that visual RT is more 

important than the auditory RT, as soccer is a more visual sport. 

 These results have been confirmed by other researchers as they have come 

to the same conclusion, i.e. that auditory RT is faster than visual RT (Pain & 

Hibbs, 2007; Thompson et al., 1992). The reason behind that is that auditory 

stimulus takes 8-10 ms to reach the motor cortex but a visual stimulus takes 20-40 

ms (Kemp, 1973). 

 As previously explained the muscle composition for sprinters is highly 

dominated with type II muscle fibers which allows for faster muscle contractions 

underpinning the strong relation between muscle fiber type and reaction time. 

None of the previously mentioned researches have taken this into account when 

comparing the various groups and their reaction times. 

 Performance in an agility tests is determined by factors such as reaction 

and acceleration. These factors are also important in relation to sprinting which 

highlights the relationship between agility testing and sprinting. Considering these 

facts the fundamentals of sprinting must be explored, as can be seen in the next 

section. 

 

Sprinting 

Sprinting is defined as running at a top speed for a short distance 

(“Encyclopedia - Britannica Online Encyclopedia,” n.d.). The movement can also 

be explained as a ballistic movement which entails a sequence of running strides 

which propel the body forward with the greatest possible level of velocity or 

acceleration over certain distance (Bompa & Haff, 2009). The speed or velocity of 

an athlete is determined by vertical forces which are produced by the stride 
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frequency and the stride length. Stride length is determined by the athlete’s 

physique and is influenced by the mobility, strength and power of the athlete. 

Stride frequency is determined by the athlete’s running technique, mechanics and 

coordination which can be influenced more by training than the stride length. A 

combination of these to attributes alongside the athlete’s muscle fiber type and an 

efficient bioenergetic system make up the athlete’s ability to be a successful 

sprinter (Haff, 2012; Mann & Hermann, 1985; Müller & Ritzdorf, 2009). 

Sprinting can be categorized into two components the flight phase and a 

support phase. These phases can be further broken into recovery and ground 

preparation for the flight phase and eccentric breaking and concentric propulsion 

sub phases for the support phase. An alternation between the support and flight 

phases makes up an athlete’s run. Right before an athlete enters the support phase 

there is an eccentric breaking action preceding an extensive concentric muscle 

contraction (Bompa & Haff, 2009; Müller & Ritzdorf, 2009). 

 What differentiates an elite sprinter like Usain Bolt from other elite 

sprinters is his stride length due to his anthropometric advantages and his ability 

to strike the ground more effectively during the support phase (Krzysztof & Mero, 

2013). 

 A sprint can be divided into different phases which are the start, 

acceleration and maximal velocity (Bompa & Haff, 2009). The start or reaction 

has partly been covered in the section on reaction time as well as the connection 

between fast movements and muscle fiber types. A start of a sprint is achieved by 

utilizing the leg muscles to produce force to overcome inertia. The rear leg is 

swung onward preparing the body for ground strike at the same time as the front 

leg is extended. Arm movement is opposite to the leg movement as the right arm 

is swung forward when the left leg is moving forward and vice versa. During the 

initial acceleration or the first 8 - 10 strides the stride length and rate will increase 

but stride frequency is the most important feature for the acceleration phase. A 

forward lean of the body helps to puts the legs in a so called “power line” at the 

end of the drive phase. Such an angle maximizes the effects of the stretch 

shortening cycle and the ground reaction force (GRF) needed for the acceleration. 

Maximal velocity is in relation to agility testing something that is not always 

accomplished as the distances covered in some tests are usually too short for 
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athletes to reach maximal velocity (Bompa & Haff, 2009). The best 100 meters 

sprinters reach their average maximum speed at 60- 80 meters (Krzysztof & 

Mero, 2013). 

 It has been reported that the performance of elite sprinters is largely 

influenced by their genetic factors. The muscle type of sprinters is one of the key 

factors in their sprinting performance along with factors like hypertrophy of the 

main muscles used for sprinting and enzymatic adaptations. Growing evidence 

suggest that there are also other mechanisms such as neural adaptations that help 

sprinters to maximize their performance (Ross et al., 2001). Neural adaptations 

have been noticed with strength training programs as strength increases without a 

visual hypertrophy. The neural strength improvements are more prominent during 

the first eight weeks of a strength training program as hypertrophy is noticeable 

around the eight week. These strength gains have been measured with surface 

electromyographic (SEMG) technique which suggests that there has been an 

increase in the neural drive which means more neural output comes from the 

central nervous system to the working muscle. The chemical composition, the 

form and the shape of motor neurons can be affected by special activities such as 

the ones that increase hypertrophy (Gabriel, Kamen, & Frost, 2006). The changes 

due to hypertrophy also affect the axon of motor neurons which might lead to 

faster motor nerve conduction velocities (Kamen, Taylor, & Beehler, 1984). 

Sprint training has been known to increase nerve conduction velocity although 

that does not necessarily mean that such a difference improves performance. The 

production of powerful muscle contraction has been suggested to be influenced by 

motor neuron excitability by measurements of the H-reflex. Such a factor would 

be expected to influence the performance of sprinters but when the H-reflex is 

measured at rest it is lower for sprinters then for endurance runners. The reasons 

behind that is high activation thresholds of the motor units in the fast twitch 

muscle fibers that the sprinters possess. The result of sprint training makes 

sprinters have improved stretch reflexes because of the sensitivity of the muscle 

spindles due to their training. As there is high ratio of fast twitch muscle fibers in 

sprinters and in resistance trained athletes, there is evidence that these two groups 

have greater reflex in situations where the muscle being used is in a contracted 

state. This might either be because of the high percentage of fast twitch fibers or 
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an increased reflex contribution when force is being generated during sprinting 

(Ross et al., 2001). 

 

Change of direction  

The skills behind agility performance are the CoD speed and the decision 

making and perceptual factors. The term cutting has been used to describe a 

movement done when changing direction (CoD) during a sprint movement or 

when an athlete’s foot makes contact with the ground to begin a direction change. 

Cutting refers to a special segment of the CoD or when the foot contacts the 

ground (Sheppard & Young, 2006). 

 In the 70’s researchers pointed out that side step cutting movements might 

be the most dangerous dynamic movements for the knee joint (Andrews, McLeod, 

Ward, & Howard, 1977). 

 The role of muscle activation during side step cutting was investigated in 

2008, both female and male soccer players were put through a test in which they 

had to perform a box jump side step cut and a running side step cut. The main 

emphasis of the study was to explore the muscle activation (surface 

electromyographic activity, EMG) in the lower extremities during these methods 

by measuring the activation strength of the hamstrings, gluteus maximus, 

quadriceps and gluteus medius. The coactivation ratio of the hamstrings and the 

quadriceps during the side step cutting between females and males was also 

measured. An assessment was also made on the muscle activation during 

preparatory and loading stages of the cutting movements to conclude if the stage 

of contact affected the muscle activation of the sexes. The results indicate a 

difference between the sexes as the females produced greater quadriceps to 

hamstring coactivation ratios during the loading stages and the preparatory stages 

and greater vastus lateralis activity. The females also produced greater gluteus 

medius activation throughout preparatory stage (Hanson, Padua, Blackburn, 

Prentice, & Hirth, 2008). The results from this study might be specifically limited 

to soccer although it might shed light on how it is in other similar team sports. 

 Anterior cruciate ligament injuries are quite common in handball and the 

majority of them are associated with non- contact side cutting maneuvers. With 

this in mind researchers have analyzed kinetic distinctiveness and kinematics of 
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the knee and hip joint in female handball players. The focus was to see what 

muscle groups are important for the movement control. The subjects were young 

female handball players (age: 16.8 ± 1.7 years; height: 166.7 ± 5.9 cm, weight: 

60.8 ± 7.2 kg) that performed their usual side cut movement as they would 

naturally do in a game setting. Each subject performed five trials on each leg and 

the motion was captured using an 8 camera Vicon system and a AMTI force plate. 

What the researchers found when analyzing the movements which were 

performed coincidently were outward rotation and valgus of the knee, external 

knee moments of flexion, abduction and internal rotation of the hip and external 

hip moments of extension. These actions alongside the loading of the knee 

underpin the importance of the counteraction of the medial hamstring against the 

knee outward rotation moments and the external valgus moments. This also 

emphasizes the importance of the hip external rotators as they work against an 

internal rotation moment (Bencke et al., 2013). These two counteractions had 

been discussed in previous research (Zebis et al., 2008). Although the findings in 

this study are interesting it should be noted that there were only 24 subjects 

examined and the subjects were relatively young. It should be taken into account 

that the subjects might not have been fully developed with respect to the 

musculoskeletal system. 

Powers et al. (2010) investigated the relationship between the hip and knee 

in connection to valgus moments. His findings suggest that impaired control of 

the hips caused by weak muscles in the hips may cause extreme internal rotation 

and adduction in running or landing movements leading to a knee valgus 

alignment. The gluteus maximus plays a vital role in controlling these movements 

as it resists a hip flexion, internal rotation and adduction. The role of the gluteus 

medius in such movements is to stabilize pelvis and the femur in the coronal 

plane. Powers et al. suggested that the gluteus maximus is important in relation to 

protecting the knee from proximal movement dysfunction. Alentorn- Geli et al. 

(2009) also researched the hip but the focus of that study was on ACL injuries in 

relation to soccer players. The findings from that study were that a low hip flexion 

angle, lateral trunk displacement, increased hip internal rotation and tibial external 

rotation combined or without foot pronation, hip adduction paired with increased 
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knee abduction moments were possible extrinsic non-contact ACL injury risk 

factors. 

Dempsey et al. (2009) examined side step cutting from an injury 

prevention point of view in relation to ACL injuries as they are quite common in 

team sports resulting in some cases in long periods of absence from sports and 

occupation. Their subjects (height, 184.3 ± 5.4 cm; mass, 80.2 ± 12.5 kg) were 

male athletes that came from three team sports Australian football, soccer and 

rugby union. The purpose of the study was to see if changes in side step cutting 

technique would reduce knee loading and the author’s hypothesis was that 

participants would reduce their knee moments after a specific training period. The 

training consisted of a progressive side step cutting movements where the focus 

changed from closed skill movements to open skill movements including both 

oral and visual feedback from coaches. For the testing, a run in of 15 meters was 

used as well as 12 high speed cameras for the motion analysis. The side step 

cutting maneuver was performed in a 45° angle ± 5° and the knee loading was 

calculated by three dimensional analysis with the help of inverse dynamic and 

kinematic models. The results of this research revealed that the technical training 

helped the subjects to move their stance foot nearer to the midline of the body and 

their torso was more upright causing a significant decline in peak valgus 

moments. The key findings from this study were that a modification of the side 

step cutting technique may be an effective ACL injury prevention protocol 

(Dempsey, Lloyd, Elliott, Steele, & Munro, 2009). These results are valuable 

information but as the literature has emphasized there are more components that 

influence the ACL injury prevention such as plyometric training, balance training 

and other technical factors (Griffin et al., 2006; Lloyd, 2001; Renstrom et al., 

2008). 

As the literature has pointed out, there is a strong relationship between 

knee injuries and female athletes and in 2006 researchers from the USA set out to 

explore this fact. High school female athletes from soccer and basketball were 

examined in relation to neuromuscular strategies when they performed side step 

cutting 45° and landing after jumping movements. The subjects (basketball: n = 

15, age = 15.1 ± 1.7 years, experience = 6.9 ± 2.2 years, height = 165.3 ± 7.9 cm, 

mass = 61.8 ± 9.3 kg; soccer: n = 15, age = 14.8 ± 0.8 years, experience = 8.8 ± 
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2.5 years, height = 161.8 ± 4.1 cm, mass = 54.6 ± 7.6 kg). The purpose of the 

study was to compare the biomechanics of the knee while performing a cut and a 

jump in the two distinctive sports. The hypothesis made by the researchers was 

that there would be diversity between the two sports in relation to neuromuscular 

control strategies. Specifically the researchers believed that the basketball players 

would present a superior vertical GRF, larger knee valgus angles and larger knee 

valgus moments than the soccer players during the drop vertical jump (DVJ). The 

second part of the hypothesis was that greater knee valgus angle and moments as 

well as a larger vertical GRF would be noticeable for the soccer players during the 

unanticipated cutting tasks. A motion analysis system was used to capture the 

movements of 36 reflective markers situated on anatomical landmarks and force 

plates were utilized to measure the GRF. The independent variables collected 

were the sport, the task and the dominant side. The dependent variables were the 

stance time, maximum GRF, maximum valgus knee angle, valgus knee angle at 

initial contact and the maximum valgus knee moment. For the cut, the subjects 

were told to execute a jump from a static position and then immediately after the 

landing perform a 45° cut. What initiated the movement was a signal from a 

computer which was randomized in telling the subjects if they should jump the 

right or the left. The results from this research indicate that soccer players have a 

decreased stance time and greater GRF during the cut compared to the basketball 

players who had a decreased stance time and a greater GRF during the DVJ. For 

the cutting on the dominant side greater valgus moments were observed and the 

subjects in both sports had larger initial valgus angles and larger maximum valgus 

during the cutting compared to the DVJ. For injury preventative measures the 

authors suggest that players from both sports should emphasize neuromuscular 

training where the main goal for the soccer players should be unanticipated 

cutting movements and for the basketball players, jumping and landing 

movements. The types of movements performed by the athletes greatly affect the 

knee valgus and moments (Cowley et al., 2006). The subjects in this research 

were young, thus the results may be affected by the immaturity of the 

musculoskeletal system. When comparing these two sports it is not possible to 

fully understand if the changes in the performance for these two different tasks 
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between sports might be linked to diverse mechanisms of non-contact ACL 

injuries. 

The position of the foot and joint angles of the lower extremities in 

connection to ACL injuries was examined in a study from 2009. The subjects 

were athletes that played basketball, handball, soccer, football, cheerleading or 

gymnastics. The authors had collected videos for 12 years involving athletes that 

had sustained ACL injuries in a sporting context. The videos were converted into 

five still frames used for the analysis. The main criteria for the inclusion of the 

videos in the research was that the video had to be of good quality and the athlete 

had to be in a sagittal or coronal view for the analysis. Clear view of the toe on 

and toe off period of the movement was also vital for the analysis. The final data 

consisted of 29 videos which were compared with control videos showing the 

similar movements. One of the key components analyzed were the activities being 

performed such as deceleration, broad jump and vertical jump. The author’s 

hypothesis was that athletes with ACL injuries would present more flexed hip and 

a more flatfooted step at landing after a quick deceleration movement or a jump 

than those uninjured. The results showed that no substantial differences were 

found in coronal plane between the injured and the uninjured in hip abduction and 

knee abduction (initial contact) angles. In sagittal plane the difference between the 

two groups was eminent in the initial contact where the injured used the hind foot 

or were flatfooted and achieved flatfoot position significantly sooner than the 

uninjured which used the forefoot at initial contact. The injured had larger mean 

hip flexion angles at the three first frames of the videos and had significantly less 

plantarflexed ankle angles at initial contact. The conclusion drawn from this 

research indicates that the following factors may increase the likelihood of an 

ACL, i.e. when individuals land hind footed or flatfooted with an increased hip 

flexion and knee abduction (Boden et al., 2009). The athletes in this research were 

not prepared in a laboratory style with anatomical markers fixed at specific 

landmarks. The researchers had to estimate these landmarks, which is difficult, 

and this might influence the precision of the findings. The position of the athletes 

in the analyzed frames was perhaps not in a perfect sagittal or coronal planes and 

this might affect the results. 
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A systematic review of seven studies was performed based on the notion 

that female are more prone to have ACL injuries than men in connection to side 

step cutting. The inclusion criterion for the review was an in vivo human analysis, 

healthy subjects 18 years of age or older, biomechanical or neuromuscular 

analysis, gender comparative research, an analysis of side step cutting, kinetic/ 

kinematic and EMG data. The findings of this review indicate that neuromuscular 

and biomechanical gender differences while planting and cutting illustrates only a 

small difference where clinical relevance can be questioned. The authors however 

emphasize that their sample size was not large enough and thus further research is 

needed on this matter (Benjaminse, Gokeler, Fleisig, Sell, & Otten, 2011). 

 The findings from Cowley et al. (2006) shed light on a relationship 

between the types of movements performed, or how they are done, and the strong 

influence of technique. 

Side step cutting technique was also investigated in a cross sectional study of 

Norwegian female handball participants (mean ± SD, 22.5 ± 7.0 years, 171 ± 7 

cm, 67 ± 7 kg) playing in the division I league. The researcher’s goals were to 

gain insight into how different techniques may influence knee joint loading and 

how such information might enhance prevention programs. Three cuts from each 

side were measured using eight infrared cameras that tracked 35 reflective 

markers which were placed at anatomical landmarks and a force plate was utilized 

to capture the GRF. The run up was six meters and the subjects had to do the 

cutting movement past a stationary defender. The Qualisys system was used for 

the marker trajectories and Matlab was used to perform the calculations. For the 

initial 100 ms of the contact phase linear regression was utilized between 

maximum knee abduction moment and selected technique factors. The difference 

in knee abduction moments (62%) was clarified by technique factors. The 

researchers came to the same conclusion as others had in previous studies, i.e. that 

knee abduction moments increased with hip internal rotation, knee valgus, toe 

landing, torso lateral flexion and hip abduction (Dempsey et al., 2007; McLean, 

Huang, & van den Bogert, 2005; Sigward & Powers, 2007). Knee valgus, cut 

width, toe landing, cutting angle and approach speed were the most dominant 

predictors. When one of these factors increased by 1 SD it resulted in a rise of 

12% to 19% in the knee abduction moment. That would translate to a reduction of 
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4.4° in knee valgus angle being equivalent to a 19% reduction in knee abduction 

moment. The force magnitude for maximum knee abduction moments was less 

important than the effect of the moment arm of GRF. As for the injury prevention 

factors coming from this research, the authors concluded that athletes could 

minimize knee loadings related to ACL injuries by using toe landings, knee over 

toes positions and narrow cuts (Kristianslund, Faul, et al., 2012). 

The testing procedures might have been a little clearer when it came to the 

warm up for the subjects as well as time frames for all the procedures. It should be 

noted that the main emphasis in this study was on handball players which might 

limit the findings although some aspects might also relate to similar sports like 

basketball or soccer. 

Kristianslund et al. created another study where the main focus was on 

side step cutting and knee joint moments. They also wanted to examine the cut of 

frequency previously used in the literature to calculate joint moments with four 

varying combinations of cut off frequency for signal filtering. The procedures and 

123 subjects (22.5±7.0 years, 171±7 cm, 67±7 kg, mean±SD) were very similar to 

ones in the research previously explained. What became obvious during the 

analyzing phase was that a difference between knee abduction moments between 

researches using different filtering methods challenged the results of previous 

researches. Their findings exposed that there was a significant difference between 

conditions with different filtering of movement and force. Other studies 

performed previously to this one led to the conclusion that there was not any 

difference between conditions with different filtering of movement and force, 

meaning that the same filter should be used to process force and movement data. 

What is of concern is that previous researches did not describe how they should be 

used and this, according to Kristianslund et al. should be treated with concern 

(Kristianslund, Krosshaug, & van den Bogert, 2012). 

In 2013 the Norwegian researchers compared sport specific side step 

cutting and drop jumps in relative to ACL risk screening. The procedures and 120 

subjects (mean ± SD: age, 22.4 ± 7.1 years; height, 171 ± 7 cm; weight, 67 ± 7 

kg).were very similar to the ones previously used by these same researchers 

however in this study drop jumps were also included. For the jumps the subjects 

were told to drop from a 30 cm box and then perform a maximal jump when 
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contacting the ground. Three drop jumps and three side step cutting movements 

from each side was used for the analysis. The results indicated that the subjects 

demonstrated a peak in knee abduction moments for the side step cutting just after 

the first contact which was not demonstrated during the drop jumping. The side 

step cuts were performed in a 69° angle and the approach speed was 3.4 m/s. The 

angles and the moments of the knees were very different between the jumps and 

the cuts. The side step cutting was measured with 6 times more knee abduction 

moment than the drop jumps. The correlation between the side step cutting and 

the drop jumps for knee valgus angles was moderate but for the knee abduction 

moments it was vague. The conclusion indicates that there are not a lot of 

similarities in relation to motion analysis in the two tasks. Knee abduction 

moments during side step cutting are not predicted by knee valgus angles. 

Measuring knee valgus angles in a drop jumps may be a relevant screening tool 

for side step cutting (Kristianslund & Krosshaug, 2013). 

In a study from New Zealand researchers examined different ways of 

changing direction in a sporting context which all entail specific technique and leg 

strength. Three different movement strategies were compared and studied. The 

one that took the fastest time to perform was the pivoting crossover strategy and 

the one that took slowest time was the false-start pivot. The critical movements in 

the pivot crossover that are assumed to make that movement faster than the others 

are: forceful arm action through the turn for increasing rotational inertia and 

limited forward lean. Both of these factors are also evident in effective sprinting. 

Other factors that influence movements like these are coordination, 

anthropometric measures and situation dependent requirements. An athlete 

performing such a movement must overcome the rotational inertia which is 

increased by a greater spreading of body mass from the axis of rotation. It is up 

for a debate whether the pivot crossover suits all sports and situations in relation 

to speed and time, but in this study is proved to be the fastest one (Hewit, Cronin, 

Button, & Hume, 2010). The factors investigated in this research are not sport 

specific as different sports have different situations where athletes are in varied 

stances in relation to center of mass. With that in mind the researched factors are 

more general then sport specific although they give certain general guidelines 

which could be incorporated into different sports. 
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Agility and speed seem to be two different physical components as CoD 

speed training does not appear to help with speed and vice versa. Specific training 

is needed for CoD speed and for speed which is influenced by the sport that each 

athlete competes in (Young, McDowell, & Scarlett, 2001). 

 Ground reaction kinetics for two types of CoD movements (45° and 90°) 

was investigated in 1995. Twelve subjects (26,2 ± 6,6 years, 176 ± 0.12 cm, 69 ± 

11,9 kg, mean ± SD) participated in the study. The run up distance for the CoD 

movements was 7.2 meters and a force plate was used measure the forces applied 

to the ground during the movements. No difference was found in the statistical 

analysis between the 45° and the 90° CoD movements for the first maximum 

vertical force or the average positive and negative vertical couple. Two significant 

forces the second maximum vertical and the average vertical were 18% and 17% 

greater for the 45° CoD movements. On the other hand the propelling and 

breaking forces were 56% and 39% greater for the 90° CoD movements (Schot et 

al., 1995). The definition on the 45° angle CoD performed by the subjects is 

confusing as it is not a turn but a 45° deviation from the original running 

direction. As the number of subjects in the research was low the results are prone 

to be affected by that factor. 

 The likelihood of a tradeoff between actual mechanical loading and task 

achievement in relation to running speed for cutting maneuvers was investigated 

in England in 2012. The focus of the research was to explore if there is a 

minimum velocity threshold in the slowing down phase for the cutting maneuvers 

where knee loading might become dangerous for joints. Secondly, the researchers 

examined if there is a maximum velocity for the side cutting maneuver being done 

appropriately. Fourteen female participants (mean age = 20.6 ± 0.7yr, height = 

1.66 ± 0.05 m, mass = 57.57 ± 6.9 kg) were put through a test of three trials of 45° 

side step cutting maneuvers with different lengths of run up distances. Ground 

reaction forces, kinematics and speed were measured with force plates, high speed 

cameras and photocell timing gates. All participants were asked to perform a 10 

minute warm up with the incorporation of the side cutting technique. The 

variables collected in this study were touch down and take off events, joint angles, 

external joint moments, velocity of center of mass at touch down and take off for 

mideo-lateral and antero-posterior directions and peak medial and posterior 
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forces. The results show that performing side cutting maneuvers in relation to 

whole body center of mass (CoM) at high speeds matched the task requirements 

to some degree. Knee loading mechanisms only reached significant intensities 

from 4 ms-1 running speed in spite of a steady decrease of medio- lateral 

acceleration and anterior- posterior deceleration. The researchers concluded that 

there is a trade- off between the actual mechanical loading and task achievement. 

Considering safety factors the researchers recommend a 4 ms-1 standardization of 

running speeds for female athletes when performing cutting maneuvers 

(Vanrenterghem et al., 2012). The limitations of this study are that only females 

were tested so the findings cannot be generalized into the male population. 

 Most of the research nowadays are based on 3 dimensional (3D) analysis 

but some authors have emphasized the benefits of utilizing 2 dimensional analysis 

(2D) which is easier to use and less expensive. In 2005, researchers set out to 

investigate a 2D video analysis in connection to ACL injuries. Previous studies 

had emphasized that specific training aimed at decreasing knee valgus could 

reduce the occurrence of sustaining an ACL injury (2005). The purpose of the 

study was to examine if the 2D analysis of coronal plane knee valgus would be 

compatible with a 3D. Concerns have been over the difference of the 2D and the 

3D in relation to internal rotation of the limbs that contributes to frontal valgus 

when the knee is in flexion. It was hypothesized that 2D analysis would be 

consistent with 3D multi- camera tracking when measuring frontal plane knee 

valgus. Secondly they hypothesized that a peak frontal plane knee angle 

comparison between subjects would correlate between the 2D and the 3D and 

thirdly they hypothesized that peak frontal plane knee angle within subjects would 

correlate between the 2D and the 3D measurement. The subjects were basketball 

players who were examined in side step cutting, side jumping and a shuttle run. 

The findings of the research indicated that a 2D analysis is an efficient method of 

screening basketball players effectively at high risk of non- contact ACL injuries 

arising from large valgus motions (McLean, 2005). These findings were 

confirmed by Munro et al. (2012) as they concluded that 2D is a reliable measure 

of lower extremity dynamic knee valgus. 

 For the 2D analysis some researchers have used the frontal plane 

projection angle (FPPA) introduced by Willson et al. (2006) which utilized a 
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marker setup on the front side of the leg (anterior superior iliac spine, mid-thigh, 

knee joint center and the ankle center). Although the FPPA method is influenced 

by the transverse plane it explains a significant part of the variance in the 3D 

tibiofemoral abduction angle. 
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Conclusion 

The main focus in the previous sections has been on summarizing previously 

published findings in the scientific venue. Agility testing involving reaction and 

knee alignment in side step cutting along with ACL injuries and injury prevention 

concepts have been the main topic. Considerable research has been done on knee 

valgus moments and angles and a few have been done with technique 

considerations. Many researches have contributed greatly to the field of sport 

science. What is of special interest to the authors of this review is specific 

technique in connection with time. The purpose of the following research is to 

examine knee valgus and knee over toes technique while performing a side step 

cutting movement. The main hypothesis is that knee valgus technique despite its 

well documented downsides is a faster technique. Gaining this knowledge might 

lead to further research into technical factors in side step cutting in relation to time 

as milliseconds do count in a competitive settings. 
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Abstract 

Background 

Change of direction, such as side step cutting, is a major part of many team sports 

since it helps to cope with the various situations in a game setting. Certain factors 

determine the way in which an athlete is able to move quickly and they are the 

key components in performing successfully in a sporting context. The purpose of 

this study was to investigate the difference between three side step cutting 

methods in relation to the cut time and knee and ankle angles. 

Methods 

Biomechanical testing with the utilization of two dimensional analysis of three 

different methods (Natural (N), Knee over toes (KT) and Valgus (V)) of side step 

cutting. The subjects were 30 athletes that played soccer, handball or basketball 

(20.3 ± 3 years, 186 ± 5 cm, 83.4 ± 8 kg, mean ± SD). Each subject performed 

three trials for the dominant leg. Reaction time (RT), cut time (CT) and movement 

time (MT) was measured as well as knee and ankle angles.  

Findings 

Cut time was shorter for the V method than the KT method. The findings also 

indicate that when the V method is utilized it produces larger angles than the KT 

method and produces smaller angles in the knee valgus coronal plane than the KT 

method. The ankle dorsiflexion for the V method produces larger angles than the 

KT method. When the V and KT methods are viewed in relation to the N method 

for sagittal mean knee flexion the V method is closer to the N method than it is to 

the KT method. 

Conclusion 

Side step cutting with an increased coronal knee valgus, V, is a faster method than 

the KT method in relation to the sporting context. Such methods might be utilized 

to maximize performance in the shortest amount of time.  
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Introduction 

One of the major characteristics of many team sports is that the athletes need to be 

able to make some kind of change of direction (CoD). This ability is often 

required during performances when athletes try to trick an opponent or to avoid 

hitting him, an obstacle or to chase a ball, puck or a shuttlecock (Schot, Dart, & 

Schuh, 1995). A soccer player performs on average about 600 swerves and turns 

at diverse angles in a game setting (Bloomfield, Polman, & O’Donoghue, 2007). 

 In order to examine athletes in connection with performance of CoD and 

other fast movements researchers have used various testing procedures such as the 

Illinois agility, pro agility shuttle, 3- cone drill and T- test (Lockie, Schultz, 

Callaghan, Jeffriess, & Berry, 2013). Various testing procedures regarding CoD 

were investigated by Sheppard & Young (2006) which resulted in them writing a 

literature review in which they defined the term agility as a movement that 

involves CoD, a beginning of body movement or rapid deceleration or 

acceleration. Performance in agility tests and sprinting is determined by factors 

such as reaction, acceleration and deceleration (Bompa & Haff, 2009; Krzysztof 

& Mero, 2013; Mero, Komi, & Gregor, 1992).  

Athletes in sports that are influenced by reaction such as sprinters have 

been shown to have a fast twitch type II muscle fibers (IIa and IIx) dominance 

(80%) in their muscle composition (Wilson et al., 2011). According to Mero et al. 

(1991) athletes with a muscle fiber IIa and IIx dominance have a faster reaction 

time (RT) and have a greater rate of force development. 

Athletes undertaking an agility test are subjected to acceleration/ 

deceleration and CoD and, according to the literature, such actions increase loads 

on the knee joints and are influenced by the landing patterns (Boden, Torg, 

Knowles, & Hewett, 2009; Dempsey et al., 2007; Hewett, Torg, & Boden, 2009; 

Kristianslund, Faul, Bahr, Myklebust, & Krosshaug, 2012; Vanrenterghem, 

Venables, Pataky, & Robinson, 2012). 

 A large number of studies have been undertaken to investigate the 

relationship between side step cutting and anterior cruciate ligament (ACL) 

injuries in connection with valgus alignment of the knee joint and increased 

valgus joint moments (Bencke et al., 2013; Cowley, Ford, Myer, Kernozek, & 
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Hewett, 2006; Hewett et al., 2009; Imwalle, Myer, Ford, & Hewett, 2009; 

Kristianslund et al., 2012; Kristianslund & Krosshaug, 2013). 

Hewett et al. (2005) defined dynamic valgus as a motion of the distal tibia away 

from and distal femur towards the midline of the body, measured in three 

dimensions. 

Powers et al. (2010) suggested that impaired control of the hips due to a 

weak gluteus maximus muscles may cause extreme internal rotation and 

adduction in running or landing movements leading to a knee valgus alignment. 

The majority of these studies are based on three dimensional (3D) analysis but 

some authors have emphasized the benefits of utilizing two dimensional analysis 

(2D) which is more economical. They imply that a 2D analysis is an efficient 

method of screening athletes at high risk of non- contact ACL injuries arising 

from large valgus movements (McLean, 2005; Munro, Herrington, & Carolan, 

2012). 

The purpose of this study was to examine three different methods in side 

step cutting; natural (N), knee over toes (KT) and valgus (V), in relation to cut 

time (CT), knee and ankle angles, RT and movement time (MT) in a 2D analysis. 

The hypothesis was that the CT for the V method would be faster than the KT 

method. Secondly the authors also wanted to examine if there was a relationship 

between CT and RT as all the methods are performed quickly. 

Methods 

Subjects 

In the beginning of the year 2014, 126 elite male athletes playing handball, soccer 

or basketball in the Icelandic first division were invited to participate in a 

biomechanical test. Six players were excluded from the test because of injuries. 

The criteria for participating in the test was that subjects needed to be of the age 

from 18 to 30 years, have a certain level of fitness, free of injury and be a current 

player in one of the three sports. The athletes who matched the subject inclusion 

criteria had various playing positions in each sport. The final sample consisted of 

30 players, ten players from each sport, 23 right footed and 7 left footed (20,3 ± 3 

years, 186 ± 5 cm, 83,4 ± 8 kg, mean ± SD). 
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Table 1. Subject characteristics (Mean ± SD). 

  All Soccer Handball Basketball 

  (N = 30) (N = 10) (N = 10) (N = 10) 

Age (years) 20.3 ± 2.9 21.4 ±  3.6 19.7 ± 2.7 19.9 ± 2.1 

Height (cm) 186.2 ± 5.0 184.8 ± 5.5 187.8 ± 5.6 186.1 ± 3.6 

Weight (kg) 83.4 ± 7.9 81.3 ± 6.7 88.5 ± 8.1 80.3 ± 6.8 

Right footed 23 7 9 7 

Left footed 7 3 1 3 

Length of sole (cm) 31.4 ± 1.1 30.9 ± 1.3 31.6 ± 0.9 31.7 ± 1.0 

 

 

Procedures 

The research was approved by the National Bioethics Committee (VSN-13-177) 

and the Icelandic Data Protection Authority (S6520). Signed informed consent 

forms were collected from all the participants of the study as well as a 

questionnaires. The University of Reykjavík is insured by the insurance company 

Sjóvá- Almennar tryggingar hf., and all the subjects were insured during the 

testing procedures. 

Measurement 

Agility test methods 

The participants were measured with the agility test at the sports science 

laboratory in the University of Reykjavík and the testing procedures took 40-60 

minutes. All the participants were put through a standard warm up routine where 

they jogged for six minutes which was then followed with dynamic and static 

stretches making the total warm up ten minutes long.  

 The agility test involved reacting to a ball that was launched from the table 

tennis robot (standard drill 42, ball speed was increased by 1%, the type of the 

launch was topspin and the inclination was 10°), a sprint after the ball (from place 

A), touching it, after it hits he floor once, and then making a CoD (45°) (at place 

B) and sprinting back (to place C). The subjects touched the ball between 2.5-5 

meters after the starting point. The total sprint length was 10 meters (2 x 5 

meters). Each participant accelerated from place A, decelerated before reaching 

place B where they made a CoD (45°) and then accelerated back to place C 

(figure 1). 
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Two dimensional motion capture 

Adhesive markers were then placed at nine anatomical landmarks and the 

movements were recorded using two high speed cameras as can be seen in figure 

2. Three markers were used for the coronal plane and they were placed on the 

anterior superior iliac spine, anterior midpoint of patella and the midpoint of the 

ankle joint between the lateral and medial malleolus (Munro et al., 2012; Willson, 

Ireland, & Davis, 2006). The sagittal plane markers were placed on the same 

locations as published by Hewett et al. (2005), as lateral leg markers, placed at the 

greater trochanter, lateral femur epicondyle, head of fibula (extra), lateral 

malleolus, calcaneus and one on the tuberosity of the 5th metatarsal instead of the 

one placed on the head of 2nd metatarsus. 

One camera (GoPro Hero 2, San Mateo, California, USA) was used to 

capture the start (RT) and the finish of the test (MT) at 120 fps and the two others 

were used to capture the knee angle in the coronal plane as well as the knee and 

the ankle angles in the sagittal plane at 300 fps (CASIO EX-F1, Tokyo, Japan). 

The camera capturing the reaction was situated on the other side of the start line 

(line goes through A and C). The two other cameras were situated in front of the 

side step cut movement and on the same side as the leg being used for the cut 

(figure 1). A table tennis robot (Newgy Robo-Pong 1050, Gallatin, Tennessee, 

USA) was used to signal the subject when to start. 

 

Figure 1. The agility test. Showing the mean RT, CT, MT for all the methods and the 

location of measurement. 
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 The instructions given were threefold, the first method each participant 

executed was a side step cut as they would do naturally (N) in a game setting, 

while chasing a ball (table tennis ball) and then making the CoD. The order of the 

other two methods was randomly assigned to each participant to minimize the 

learning effect. The subjects were shown slow motion videos where the two 

methods were demonstrated and predetermined verbal instructions were given 

made by the researcher. For the knee over toes (KT) method the participants were 

instructed to bend the knee over the toes during the flexion of the knee joint while 

performing the side step cut as explained by Kristianslund et al. (2012). The other 

method was valgus (V) or when the knee was put in a valgus position during the 

side step cut as explained by Hewett et al. (2005). Before performing the KT and 

the V methods participants were given a chance to perform two practice runs for 

each method in order to become better acquainted with the proper technique for 

each method. Three satisfactory trials were recorded for each method which were 

designated for the motion analysis. All the testing was done on the dominant foot 

which was defined as the foot used for kicking. 

 

Figure 2. Showing the different methods of the side step cut. Coronal knee over toes 

method (picture 1) showing Ψ (knee angle), valgus method (picture 2) showing Ψ (knee 

angle) and sagittal knee flexion (pictures 3) showing  (knee angle) and Φ (ankle angle) 

Data processing 

The trajectories of the markers were calculated and tracked using a custom built 

Matlab (MathWorks Inc, Natick, Massachusetts, USA) program to calculate the 

knee and ankle angles using direction vectors of the thigh, shank and the foot. If a 

marker was missing in any of the frames used for the analysis the program 

interpolated the trajectory based on the position of the remaining markers. 

1 2 3 
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For the sagittal analysis of the knee joint the thigh vector was defined 

between the markers on the greater trochanter and the lateral femur epicondyle 

and the shank vector was defined between the head of the fibula and the lateral 

malleolus. The foot vector was defined between the calcaneus and the tuberosity 

of the 5th metatarsal. For the coronal analysis of the knee joint the thigh vector 

was defined between the markers on the anterior superior iliac spine and the 

patella. The shank vector was defined between the patella and the ankle midpoint 

(between the lateral and medial malleoli markers). 

The RT and MT were measured using Kinovea software (Kinovea, France) 

where the start and the finish of each participant were analyzed utilizing high 

speed functions of the captured video. 

The agility test outcome variables 

The structure of the agility test included specific variables which were the reaction 

time (RT), knee flexion in a sagittal plane (KFS), knee valgus in a coronal plane 

(KVC), ankle dorsiflexion in a sagittal plane (ADS), cut time (CT) and movement 

time (MT). Reaction time was defined as the time elapsing from the stimulus 

identification (identifying the ball) until the beginning of the subject’s response 

(initial movement). The KFS was defined as the knee flexion (°) attained, 

midpoint of the side step cut, during the cut in a sagittal plane. The KVC was 

defined as the maximal knee valgus, at midpoint of the side step cut, during the 

cut in a coronal plane (°). The angles in the coronal plane were defined as <180° = 

valgus, >180° = varus similar to the frontal plane projection angle (FPPA) 

introduced by Willson et al. (2006). The ADS was defined as the ankle 

dorsiflexion, at midpoint of the side step cut, during the cut in a sagittal plane (°). 

The CT was defined as the time elapsing from initial foot contact with the floor 

until toe off for the side step cut (ms). These parameters of the movement were 

determined visually by identifying appropriate frames within the video. The 

midpoint of the side step cut was defined as the point of direction change or when 

the body stopped moving towards (B) and started moving towards (C) and was 

determined visually (figure 2). The MT was defined as the time elapsing from the 

first response of the subject until the whole body crossed the starting line again 

going from A- B- C (ms) (figure 1). 
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Calculations of knee and ankle angles 

The knee and ankle angles were calculated in Matlab for each frame of the 

captured video using the following equation: 

 

cos(x) =  
𝑉1 × 𝑉2 

||V1|| × ||V2||
 

x was the joint angle and V1 and V2 were the vectors on each side of the joint 

representing the direction of each segment. 

 was defined as the angle between the thigh and the shank in the sagittal plane. 

Φ was defined as the angle between the shank and the foot in a sagittal plane. 

Ψ was defined as the angle between the thigh and the shank in the coronal plane. 

 

Statistical analysis 

The statistical analyses were performed with Excel 2013 (Microsoft, Redmond, 

Washington, USA) and SPSS V.22 (SPSS Inc, Chicago, Illinois, USA). Average 

values from three trials, sagittal and coronal, for each of the three methods 

performed by the 30 subjects were used for the knee and ankle analysis. Mean 

values for the (30 x 3 x 3) videos were analyzed and compared by utilizing one 

way Anova tests when comparing RT, CT, MT of methods between sports and 

paired sample t tests when comparing methods for knee flexion, knee valgus 

angles and ankle angles. To investigate the association between RT and CT a 

Pearson correlation test was used. For all the analyses, an alpha level of 0.05 was 

used to denote statistical significance. 

Results 

Cut time between three methods (figure 3) 

The shortest mean CT for methods was where the subjects used the N method, V 

came next and the longest one was the KT method (table. 2). Figure 5 shows the 

distribution of CT for all the methods. Even though the median for both the N and 

V methods are similar, the range of the N method is considerably lower. The 

highest value for the N method (excluding outliers) is similar to the 75th percentile 
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in the V method. The KT method has the highest median and also the highest 

maximum value (including outliers in the distribution for the N method). 

When comparing the CT between methods the results indicated that there 

was a significant difference between the N (405 ± 83 ms) method and the KT (493 

± 82 ms) method, t (29) = -6.189; p < .05. There was also a significant difference 

between the CT performed with the KT (493 ± 82 ms) and the V (429 ± 70 ms) 

methods, t (29) = 4.802; p < .05. The significant difference between the CT 

performed in N and V methods was t (29) = -2.173; p < .05 (figure 5). These 

findings are in agreement with hypothesis. No significant difference was found in 

the CT for sports between methods. The CT for the N method was insignificant 

between sports, F(2, 27 ) = 2.119; p=0.140, the CT for the KT method was 

insignificant between sports, F(2, 27 ) = 1.808; p=0.183 and the CT for the V 

method was insignificant between sports, F(2, 27 ) = 0.296; p=0.746. 

Knee flexion (figure 4) 

The method which produced the smallest angles of the KFS was the KT 

method (119.2° ± 7.8°), following that was the V method (123.7° ± 2.8°) and the 

N method (124.8° ± 7.3°) had the largest angles (Table. 2). Significant difference 

was in KFS between N and KT methods, t (29) = 4.177; p < .05 and between V 

and KT methods, t (29) = -3.622; p < .05, but no significance was found between 

the N and the V methods of KFS angles, t (29) = 0.782; p = 0.440. 

Knee valgus angle (figure 5) 

The V method (154.1° ± 12.4°) produced the smallest angles of the KVC 

but the KT (162.3° ± 11.4°) and N (162.8° ± 9.7°) methods produced larger 

angles. For the KVC angles there was a significant difference between the KT and 

V methods, t (29) = 2.812; p < .05 and for N and V, t (29) = 4.151; p < .05, but no 

significant difference was found between the N and KT methods of KVC angles, t 

(29) = 0.201; p = 0.842. 

Ankle angles 

The method which produced the smallest angles of the ADS was the KT 

method (76.5° ± 14.2°), N method came next (85.1° ± 8.7°) and the largest angles 

were produced by the V method (89.6° ± 8.0°) (table 2.). All methods produced 

significantly different angles in the ADS, N and KT, t (28) = 3.705; p < .05, N and 

V, t (27) = -2.964; p < .05, KT and V, t (28) = -4.814; p < .05. 
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Reaction time and movement time between three methods and sports 

The RT that was statistically analyzed was the mean RT for all methods as 

the beginning of the each test for each method was identical in performance. No 

significant difference was found in RT between sports, F(2, 27 ) = 2,182; p=0,132. 

No significant difference was found in MT for sports between methods. 

The MT for the N method was insignificant between sports, F(2, 27 ) = 1.029; 

p=0.371. The MT for the KT method was insignificant between sports, F(2, 27 ) = 

1.812; p=0.183 and the MT for the V method was insignificant between sports, 

F(2, 27 ) = 2.464; p=0.104. 

A Pearson’s correlation test was done on RT and CT in order to see if 

there was a correlation between these two factors but the results failed to reveal a 

significant relationship, r = -0.073, n = 5, p = 0,701.  

 

 

Table 2. Mean and standard deviation for method variables. 

 

 

 

 

 

Soccer Handball Basketball Soccer Handball Basketball Soccer Handball Basketball

Knee flexion sagittal (°) for sport 124.0 ± 6.9 124.4 ± 7.7 125.9 ± 7.8 119.3 ± 4.7 118.9 ± 8.3 119.2 ± 10.2 122.1 ± 7.5 123.8 ± 7.4 125.2 ± 5.8

Knee flexion sagittal (°) for all three sports 124.8 ± 7.3 119.2 ± 7.8 123.7 ± 2.8

Knee valgus coronal (°) for sport 167.5 ± 8.7 163.4 ± 10.8 157.6 ± 7.3 159.1 ± 15.6 167.2 ± 7.1 160.6 ± 9.3 158.9 ± 16.2 152.8 ± 9.5 150.6 ± 10.1

Knee valgus coronal (°) for all three sports 162.8 ± 9.7 162.3 ± 11.4 154.1 ± 12.4

Ankle dorsiflexion saggital (°) for sport 82.2 ± 12.9 88.6 ± 5.3 84.2 ± 6.0 76.1 ± 18.4 78.2 ± 12.0 75.3 ± 12.9 88.3 ± 9.7 92.8 ± 5.9 87.6 ± 7.8

Ankle dorsiflexion sagittal (°) for all three sports 85.1 ± 8.7 76.5 ± 14.2 89.6 ± 8.0

Reaction time (ms) for sport 140 ± 21 142 ± 20 154 ± 18 142 ± 19 150 ± 23 160 ± 18 141 ± 36 149 ± 17 165 ± 35

Reaction time (ms) for all three sports 145 ± 20 151 ± 21 152 ± 31

Cut time (ms) for sport 363 ± 72 431 ± 112 421 ± 40 457 ± 90 496 ± 89 525 ± 54 415 ± 73 439 ± 78 432 ± 62

Cut time (ms) for all three sports 405 ± 83 493 ± 82 429 ± 70

Movement time (s) for sport 3.325 ± 0.1 3.289 ± 0.2 3.230 ± 0.1 3.403 ± 0.2 3.500 ± 0.2 3.350 ± 0.1 3.340 ± 0.1 3.319 ± 0.2 3.220 ± 0.1

Movement time (s) for all three sports 3.282 ± 0.1 3.418 ± 0.2 3.293 ± 0.1

Methods

Normal Knee over toe Valgus
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Figure 3. Boxplot for mean cut time and the methods; natural, knee over toes and valgus. 

 

 

 

 

Figure 4. Mean knee flexion angle 0.1 s before and after the midpoint of the overall 

motion. 
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Figure 5. Mean knee abduction angle 0.1 s before and after the midpoint of the overall 

motion. 

Discussion 

The main findings in this research were that the CT for the V method was 64 (ms) 

quicker than the CT was for the KT method. This difference although small can 

be a determining factor in defining winning or losing in a sporting context 

(Johnson et al., 2010). Other researches investigating side step cutting movement 

have shown quicker CT than the results from this study (Cowley et al., 2006; 

Jindrich, Besier, & Lloyd, 2006; Kristianslund et al., 2012). One reason 

explaining this difference might be because of wider cut angles in the other 

researches where athletes were performing cut angles with a 30°-60° deviation of 

the initial running path and therefore maintaining their momentum better. In this 

research the deviation from the initial running direction was 135° which might 

have influenced the momentum and the cut time due to increased breaking forces. 

 As for the evidence provided by Mero et al. (1991) and Wilson et al. 

(2011), i.e. that individuals with proportional dominance of type II muscle fibers, 

are able to react and move faster, the correlation between RT and CT should have 

been positive. The authors wanted to link a short RT to a short CT but the cohort 

size might have influenced the results from the Pearson’s test as it is harder to 

attain significance for small numbers. 
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 The findings also indicate that when the V method is utilized it produces 

larger angles in KFS than the KT method and produces smaller angles in the KVC 

than the KT method. For the ADS, the V method produces larger angles than the 

KT method. When the V and KT methods are viewed in relation to the N method 

for sagittal mean knee flexion the V method is closer to the N method than it is to 

the KT method (figure 2). When the same is viewed for the coronal mean valgus 

angle the KT method is closer to the N method than it is to the V method (figure 

3). This suggests that the flexion in the knee and the ankle may be the dominant 

factors responsible for the increased CT for the KT method. 

The current study is distinctive as its main focus is on side step cutting 

methods in relation to time. What the current study adds to the knowledge of side 

step cutting research is that increased coronal valgus angle method, V, is faster to 

perform than the KT method. The knee is less flexed and the ankle is less 

dorsiflexed for the V method resulting in a faster movement than the KT method. 

There were a few potential limitations in the technical analysis of the side 

step cutting. The athletes used their own shoes in the study which were in various 

conditions. This might have caused some athletes sliding on the floor while 

performing the side step cut and as such have influenced the CT. The flooring 

type might also have influenced the slide as it was a normal vinyl sheet floor, not 

a special sport surface floor but all the subjects were tested on the same floor. The 

soccer athletes were off season when the research was carried out which might 

have influenced the comparison between the three sports and the cohort was 

relatively small with a narrow age gap.  

The RT measured in the current research was faster in comparison to the 

previous researches of the RT of elite athletes (Ae, Ito, & Suzuki, 1992; Ferro et 

al., 2001; Ruschel et al., 2011; Schiffer, 2011; Shelton & Kumar, 2010; Slawinski 

et al., 2010; Tønnessen, Haugen, & Shalfawi, 2013). What might have influenced 

the RT is the sound of the table tennis robot as it was getting ready for a launch. 

The subjects might have reacted to that sound making them start earlier then they 

should have as the robot does not produce a clean cut stimuli as the starter pistol 

does. 
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Despite these limitations the results show how the athletes from three 

different sports perform in comparison and in relation to reaction time, the 

elements of side step cutting and movement time.  

The literature has been efficient in explaining how valgus knee alignment 

can be harmful for the knee joint as previously explained. It has been suggested 

that anterior tibial shear forces are dominantly responsible for mechanical loading 

of the ACL and that knee valgus and tibia rotation are only partly responsible for 

an increased loading (Hanson, Padua, Troy Blackburn, Prentice, & Hirth, 2008). 

With that in mind and that the knee valgus alignment is a faster method than 

flexing knee over toes, further investigation is needed to explore the utilization of 

the knee valgus alignment in a sporting context where time is a key factor. 

Stabilizing the knee joint in such an alignment without putting too much stress on 

the ACL with the use of specific ACL preventative training program, i.e. focusing 

on quadriceps to hamstring coactivation muscle activation patterns, is a topic for 

future research. 

Implications 

Side step cutting with an increased coronal knee valgus, V, is a faster method than 

the KT method in relation to the sporting context. Such methods might be utilized 

to maximize performance in the shortest amount of time. 
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Appendices 

One way Anova. MT v.s. N, KT, V 
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One way Anova. CT v.s. N, KT, V 
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T- tests. N-KT-V. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

62 

 

T- tests. Phi Sagittal Methods 
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T- tests. Theta Coronal Methods 
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T- tests. Theta Sagittal Methods 
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Kynningarbréf til væntanlegra þátttakenda 

 

Samanburður á tveimur mismunandi aðferðum í hreyfimynstri neðri útlima 

hjá íþróttamönnum í snerpuprófi með tilliti til stöðu hnjáliða, viðbragðs- og 

hreyfitíma. 

  

Ábyrgðarmaður rannsóknar: 

Nafn Starfsheiti Sími  Netfang 

Magnús Kjartan 

Gíslason 

Lektor við 

Háskólann í 

Reykjavík 

 

599-

6344 

magnuskg@ru.is 

 

 

Aðrir sem koma að rannsókninni: 

 

Nafn Starfsheiti Sími  Netfang 

Milan Chang 

Guðjónsson 

Einar Einarsson 

Lektor við Háskólann 

í Reykjavík 

Aðjúnkt við 

Háskólann í 

Reykjavík 

 

 

milancg@ru.is 

 

einar@kine.is 

 

Kæri íþróttamaður, 

Fyrirhugað er að hefja ofangreinda rannsókn á vegum Tækni- og 

verkfræðideildar Háskólans í Reykjavík sem námsverkefni til 

meistaragráðu í íþróttavísindum og þjálfun.  

Markmið rannsóknarinnar er að bera saman tvær aðferðir í hreyfimynstri 

neðri útlima íþróttamann í snerpuprófi með tilliti til stöðu hnjáliða, 

viðbragðs- og hreyfitíma. Tilgangurinn með rannsókninni er að varpa 

ljósi á hvor aðferðin er með styttri hreyfitíma sem nýst getur til 

þjálfunnar í því skyni að hámarka hraða í hliðarskrefshreyfingum í þeim 

íþróttum þar sem þær eru notaðar. 

Hér fyrir neðan eru nánari upplýsingar um rannsóknina en eftir nokkra 

daga átt þú von á símtali vegna rannsóknarinnar og hugsanlegrar 

þátttöku þinnar. 

Fyrirhugað er að skoða 30-50 íþróttamenn sem leggja stund á 

knattspyrnu, handbolta og körfubolta í meistaraflokki á Íslandi, 18- 30 

mailto:magnuskg@ru.is
mailto:milancg@ru.is
mailto:einar@kine.is
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ára. Íþróttamenn sem eru meiddir eða telja sig ekki heilbrigða þegar 

mælingar hefjast eru útilokaðir frá þátttöku í rannsókninni.  

Til þess að taka þátt í rannsókninni þurfa væntanlegir íþróttamenn að 

undirrita upplýst samþykki um að þeir hafi lesið kynningablað um 

rannsóknina og geri sér grein fyrir hvað felst með þátttöku í 

rannsókninni.  

Rannsóknin felur í sér mælingar sem munu fara fram í húsakynnum 

Háskólans í Reykjavík. Um er að ræða eitt skipti sem tekur að hámarki 

eina klukkustund. Nauðsynlegt er að íþróttamenn séu léttklæddir á 

meðan á mælingum stendur, það er að segja í hjólabuxum/sundfatnaði 

og berir að ofan. Auk mælinga munu íþróttamenn gefa upplýsingar um 

hæð, þyngd, ríkjandi fót. 

Áætlað er að framkvæma eftirfarandi mælingar: 

1) Tvívíddarhreyfigreining með myndbandsupptöku: 

Í snerpuprófi þar sem þátttakandi framkvæmir tvær aðferðir 

af hliðarskrefi en prófið hefst á viðbragði við borðtenniskúlu 

sem skotið er frá borðtennisvélmenni. 

Ávinningur af rannsókn sem þessari felst í að varpa ljósi á hvor aðferðin 

er hraðari sem skipt getur máli í keppnum. Ef í ljós kemur að aðferð 1 

er hraðari þá er mögulegt að vinna í sértækri þjálfun til þess að minnka 

líkur á meiðslum þrátt fyrir að hnéið sé í óheppilegri stöðu. Ef í ljós 

kemur að aðferð 2 er hraðari þá er ljóst að hnjáliðurinn er í góðri stöðu 

og hún er hraðvirkari þannig að íþróttamenn ættu að kappkosta að æfa 

þessa tækni þar sem hún er hættuminni og hraðari. 

Aðferðirnar við hreyfingarnar sem þátttakendur munu framkvæma eru 

einfaldar í útfærslu en sýnt hefur verið fram á að önnur aðferðin er 

áhættusamari en hin þar sem hnjáliðurinn er settur nær miðlínu 

líkamans. Ætla má að áhættan sé svipuð og gerist í keppni þeirra íþrótta 

sem þátttakendurnir stunda þar sem báðar aðferðirnar viðgangast í 

knattspyrnu, handbolta og körfubolta. Ef upp koma meiðsl á meðan 

rannsókninni stendur þá eru þátttakendur tryggðir hjá Sjóvá. 

Þær upplýsingar sem íþróttamenn veita í rannsókninni verða 

meðhöndlaðar samkvæmt reglum um trúnað og nafnleynd og farið að 

íslenskum lögum varðandi persónuvernd, vinnslu og eyðingu 

frumgagna. Spurningarlistar og niðurstöður úr mælingum verða merkt 
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með númerum en ekki nöfnum þátttakenda. Geymsla á gögnum verða 

á hörðum diskum læstum með notendanafni og lykilorði og/eða læstum 

hirslum eftir því sem við á. Eftir úrvinnslu og eigi síðar en fimm árum 

eftir að rannsókn lýkur verður öllum gögnum eytt. Nöfn eða aðrar 

persónugreinanlegar upplýsingar koma því hvergi fram við úrvinnslu 

gagna eða birtingu niðurstaðna.  

Niðurstöður rannsóknarinnar verða nýttar til meistaragráðu í 

íþróttavísindum og þjálfun við Háskólann í Reykjavík. Auk þess er sá 

möguleiki fyrir hendi að vísindagrein byggð á gögnunum verði birt í 

vísindatímariti.  

Þátttakandi getur hafnað þátttöku eða hætt í rannsókninni á hvaða stigi 

sem er án útskýringa. 

Þessi rannsókn hefur hlotið leyfi Vísindasiðanefndar og verið tilkynnt til 

Persónuverndar. 

Virðingarfyllst, 

 

____________________________ 

Magnús Kjartan Gíslason, lektor 

Ábyrgðarmaður rannsóknar 

 

____________________________ 

Milan Chang Guðjónsson, lektor 

 

____________________________ 

Einar Einarsson, auðjúnkt 

 

____________________________ 

Nils Óskar Nilsson, nemi við 

Háskólann í Reykjavík 

 

Ef þú hefur spurningar um rétt þinn sem þátttakandi í vísindarannsókn eða vilt 

hætta þátttöku í rannsókninni getur þú snúið þér til Vísindasiðanefndar, 

Hafnarhúsinu, Tryggvagötu 17, 101 Reykjavík. Sími: 551-7100, fax: 551-

1444, tölvupóstfang: visindasidanefnd@vsn.stjr.is. 
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Upplýst samþykki 

 

Samanburður á tveimur mismunandi aðferðum í hreyfimynstri neðri útlima hjá 

íþróttamönnum í snerpuprófi með tilliti til stöðu hnjáliða, viðbragðs- og hreyfitíma. 

 

Markmið rannsóknarinnar er að bera saman tvær aðferðir í hreyfimynstri neðri útlima 

íþróttamann í snerpuprófi með tilliti til stöðu hnjáliða, viðbragðs- og hreyfitíma. 

Tilgangurinn með rannsókninni er að varpa ljósi á hvor aðferðin er með styttri hreyfitíma 

sem nýst getur til þjálfunnar í því skyni að hámarka hraða í hliðarskrefshreyfingum í 

þeim íþróttum þar sem þær eru notaðar. 

 

Íþróttamenn sem eru meiddir eða telja sig ekki heilbrigða þegar mælingar hefjast eru 

útilokaðir frá þátttöku í rannsókninni. 

 

Þátttaka í rannsókninni felur í sér að þátttakandi þarf að gefa upplýsingar um aldur, 

hæð, þyngd og ríkjandi fót í hliðarskrefinu. Tvívíddarhreyfigreining er gerð til þess að 

skoða muninn á þeim aðferðum sem gerðar eru. Þátttakendur verða settir í snerpupróf 

þar sem þeir munu hlaupa af stað eins hratt og þeir geta um leið og kúla skýst úr 

borðtennisvélmenni í því skyni að grípa hana eftir að hún skoppar einu sinni. Svo er 

haldið áfram inn að ákveðnum punkti, þannig að hlaupaleiðin spannar 45° horn. Í 

hornpunktinum eru framkvæmdar tvær mismunandi úrfærslur af hliðarskrefi sem 

kenndar verða á mælingarstað. Mæling tekur um það bil klukkustund og fer fram í 

húsakynnum Háskólans í Reykjavík. 

 

Ég staðfesti hér með undirskrift minni að ég hef lesið upplýsingarnar um rannsóknina 

sem mér voru afhentar, hef fengið tækifæri til að spyrja spurninga um rannsóknina og 

fengið fullnægjandi svör og útskýringar á atriðum sem mér voru óljós. Ég hef af fúsum 

og frjálsum vilja ákveðið að taka þátt í rannsókninni. Mér er ljóst, að þó ég hafi skrifað 

undir þessa samstarfsyfirlýsingu, get ég stöðvað þátttöku mína hvenær sem er án 

útskýringa og án áhrifa á þá læknisþjónustu sem ég á rétt á í framtíðinni. 

 

Mér er ljóst að rannsóknargögnum verður eytt að rannsókn lokinni og eigi síðar en eftir 

5 ár frá úrvinnslu rannsóknargagna. Mér hefur verið skýrt frá fyrirkomulagi trygginga 

fyrir þátttakendur í rannsókninni. 

 

_______________            _______________________________ 

Dagsetning             Undirskrift þátttakanda 

 

Undirritaður, starfsmaður rannsóknarinnar, staðfestir hér með að hafa veitt upplýsingar 

um eðli og tilgang rannsóknarinnar, í samræmi við lög og reglur um vísindarannsóknir. 

_________________________ Nils Óskar Nilsson, nemi við Háskólann í Reykjavík 
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Númer: _________ 

 

Spurningarlisti áður en mælingar eru framkvæmdar 

 

1. Hæð: ________ 

2. Þyngd: ________ 

3. Ríkjandi fótur: 

[  ] Hægri 

[  ] Vinstri 

 

4. Aldur: ________ 
 

5. Skór: ________cm 
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Samstarfsyfirlýsing 

 

 

Ég undirrituð eða undirritaður fyrir hönd Kine academy staðfesti með bréfi þessu að 

ég mun taka þátt og vera í samstarfi við Magnús Kjartan Gíslason (ábyrgðarmaður) og 

Nils Óskar Nilsson (meðrannsakandi), vegna rannsóknar þeirra „Samanburður á tveimur 

mismunandi aðferðum í hreyfimynstri neðri útlima hjá íþróttamönnum í snerpuprófi með 

tilliti til stöðu hnjáliða, viðbragðs- og hreyfitíma“, sem fara mun fram frá byrjun febrúar 

2013 til loka maí 2013. Hlutverk fyrirtækisins er að lána rannsakendum 

borðtennisvélmenni vegna rannsóknarinnar. 

 

 

Virðingarfyllst, 

 

_________________________________________ 

Halldór Víglundsson 

Framkvæmdastjóri 

Kine 
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