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Ágrip 

Inngangur: Slit á fremra krossbandi (FK) eru alvarleg hnémeiðsli og geta haft miklar afleiðingar 

fyrir íþróttafólk. Oftast verða FK-slit við óvæntar aðstæður án snertingar við aðra leikmenn, en meiðslin 

sem slík geta dregið dilk á eftir sér og eiga meðal annars þeir sem slitið hafa FK, frekar á hættu að 

þróa með sér slitgigt í hné og heltast úr lestinni við íþróttaiðkun sína. Það getur síðan haft afleiðingar á 

almennt heilsufar og félagslega stöðu leikmannsins. Forvarnir meiðsla af þessu tagi eru því afar 

mikilvægar. Tíðni meiðsla eru hærri meðal kvenna en karla óháð aldri og iðkendafjölda. Ákveðnir 

áhættuþættir eru þekktir meðal eldri iðkenda, eftir að kynþroska og hafa iðkendur á því aldursskeiði 

verið mikið rannsakaðir í gegnum árin. Markmið þessarar rannsóknar var því að varpa ljósi á 

hreyfimynstur íþróttafólks af báðum kynjum á aldrinum 10-12 ára, fyrir kynþroska. Ákveðna 

áhættuþætti er hægt að meta út frá fallhoppi og áhrif þreytu þar á. Niðurstöðurnar ættu að varpa 

einhverju ljósi á hvort þekktar áhættubreytur sé til staðar fyrir kynþroska. Vitneskjan um þær gerir 

forvarnarstarf markvissara þar sem væri hægt að byrja fyrr en gert er nú, að nota forvarnaæfingar.  

Aðferð: Sjötíu einstaklingar (40 stúlkur og 30 strákar á aldrinum 10-12 ára) voru fengin til þátttöku 

frá íþróttafélögum á höfuðborgarsvæðinu. Eftir að hafa hitað upp á hjóli í 5 mínútur, framkvæmdu þau 

5 fallhopp, þar sem þau létu sig falla ofan af palli og lentu jafnfætis á kraftplötum og stukku þaðan upp. 

Á meðan voru hreyfingarnar teknar upp með háhraðamyndavélum í þrívídd. Eftir þreytuferli voru 

fallhoppin endurtekin. Fjölþáttagreining og pöruð t-próf voru notuð til tölfræðúrvinnslu á tilteknum við 

fyrstu snertingu við undirlag (IC) og horni hnés við framkvæmd fallhopps til að bera saman fótleggi og 

meta áhrif þreytu á milli kynja. Einnig var metin fylgni á milli gagnkrafts og hreyfiútslags hnébeygju við 

lendingu. 

Niðurstöður: Tölfræðilega marktæk víxlhrif voru á meðaltali hámarks gagnkrafts í fallhoppi fyrir og 

eftir þreytu, milli kynja (p= 0.028) en marktæk aukning var á meðaltölum kraftplötugagna beggja 

fótleggja eftir þreytu meðal stúlkna en enginn munur hjá strákum. Í hnébeygjumælingum sást 

marktækur munur á áhrifum þreytu við IC hjá báðum hópum milli hnjáa þar sem meiri munur var á 

meðaltali í hnébeygju við þreytu (p= 0.046), sem voru heldur meiri í hægra hné en því vinstra. Megin 

áhrif þreytu á hreyfiútslag í hnébeygju fundust á meðaltölum beggja hnjáa og kynja (p<0.001) og 

tölfræðilega marktæk neikvæð fylgni var á milli hámarks gagnkrafts og hreyfiútslags í hné, sérstaklega 

við þreytu. Megináhrif kyns (p=0.007) og hnés (p=0.028) fundust á horni hnés við IC í frontal plani, þar 

sem lítið aukin varus staða var á hnjám drengja miðað við stúlkur. Yfir hópinn var heldur meiri (1,5°) 

varus staða í vinstra hné, en á því hægra.  

Umræða og ályktun. Niðurstöður benda til þess að þreyta hafi áhrif til aukningar á gagnkrafti við 

fallhopp, en þessu veldur trúlega sú minnkun sem sást á hreyfiútslagi í hnébeygju. Kynbundinn munur 

virðist vera til staðar sem sumpart er líffræðilegs eðlis, en einnig ólík viðbrögð við þreytu. Þetta bendir 

til þess að breytingar á hreyfimynstri sem leitt getur til skaða á fremra krossbandi, séu komnar fram á 

ungmennum fyrir kynþroska og að hugsanlega sé ástæða til að byrja strax á þeim aldri að leggja 

áherslu á forvarnaræfingar. Frekari rannsókna er þörf á framkvæmd hreyfinga hjá þessum aldurshópi 

svo hægt sé að vinna skipulega að þjálfun þeirra til að draga úr fjölda þeirra sem slíta FK. 
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Abstract 

Introduction: Knee injuries such as anterior cruciate ligament (ACL) injuries are serious and can 

be devastating, as they not only have an effect on sport participation and social activities, but may also 

result in greater health challenges later in life, due to early onset of knee osteoarthritis. ACL rupture 

most often occurs acutely and without direct contact with another player. Given the same exposure to 

training and competition, female athletes have a greater incidence of ACL rupture than males, 

regardless of age. Certain kinetic and kinematic variables are known risk factors to an ACL rupture, 

but researchers have mainly studied post-pubertal athletes. The aim of this study was therefore to 

evaluate specific variables (knee angles and the vertical ground reaction force (vGRF)) in prepubertal 

athletes during a drop jump (DJ) and the effect of fatigue on performance. This may help elucidate 

whether injury prevention should start at an earlier age than presently assumed. The identification of 

risk factors in prepubertal children can make that potential education and training more focused.  

Method: 70 participants (40 females and 30 males; age 10-12) were recruited from local sports 

clubs. After a 5 minute warm-up, they performed 5 repetitions of a drop jump (DJ), landing with each 

foot onto an AMTI force plate while an eight camera Qualisys motion capture system was used to 

capture 3D movements. After a fatigue protocol the testing procedure was repeated. In addition to 

descriptive statistics, multivariate analysis was used for statistical analysis of kinematic and vGRF 

variables, including limb and fatigue as „within subjects” variables and gender for „between groups” 

analysis. Pearson correlation coefficients were also calculated to identify associations between knee 

flexion excursion and the peak vGRF during DJ performance. Alpha was set at 0.05 for significance. 

Results: A significant interaction (p=0.028) was found for the peak vGRF due to an increase in 

post-fatigue values bilaterally for females, while mean changes for males were not significant. A 

significant limb by fatigue interaction was found across both male and female groups (p=0.046), due to 

a pre- to post-fatigue increase in knee flexion angles at initial contact (IC), more apparent in the right 

compared to the left knee. A significant main effect of fatigue was found for knee flexion excursion 

(from IC to peak knee flexion; p<0.001) across both limbs and gender. Furthermore, a significant 

negative correlation was found between the peak vGRF and knee flexion excursion. A main effect of 

gender (p=0.007) and of limb (p=0.028) was found for frontal plane angles at IC, due to a slight varus 

position in males not seen in females, and an overall slightly (by 1.5°) greater mean varus in the left 

vs. right knee. 

Conclusion: Main results indicate that fatigue results in significantly greater loading during DJ 

performance, as demonstrated by less knee joint excursion, associated with greater vGRF. 

Differences between boys and girls were apparent in frontal plane angles at IC as well as in inter-limb 

shifts in vGRF magnitudes in the fatigued state. Further research in this prepubertal age group is 

indicated to determine whether it is possible to decrease the number of future high-risk individuals by 

implementing a neuromuscular training program for this age group. 
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1 Introduction 

Sports may have an important positive influence on an athlete’s life, but there is always a risk of the 

occurrence of injuries, either acute injuries, that occur suddenly, or overuse injuries that develop over 

longer time (1). An acute anterior cruciate ligament (ACL) rupture is a devastating knee injury that can 

significantly affect a person’s activities of daily living (ADL) and quality of life (QOL). Recovery involves 

months of rehabilitation, regardless of whether the ligament is reconstructed or not, and there is 

increased risk of early onset osteoarthritis (OA) of the knee joint (2, 3). It is therefore of great 

importance to enhance our understanding of the mechanisms of ACL injuries, in order to improve 

strategies towards injury prevention and help keep our young athletes healthy and active in sports as 

long as possible. 

A recent study conducted in Norway estimated that every year in Norway alone 85/100,000 

athletes between the ages of 16 and 39 undergo ACL reconstructive surgery (4). In the United States 

an estimated 80,000 ACL injuries are diagnosed each year, where the highest frequency is within the 

age group of 15-25 year olds (5). According to a recent Scandinavian report on the frequency of 

annual ACL reconstructive surgeries in Denmark, Norway and Sweden, the highest frequency of 

males is within the 20-29 and 30-39 age groups respectfully, with a peak within the 20-29 year age-

group. Females rates of injury seem to culminate within the 10-19 year age-group with an annual total 

of 235 females compared to 177 males. Thereafter the injury rate steadily increases though the first 

three decades. This suggests that prepubertal females are rupturing their ACL at a much younger age 

than earlier anticipated (Table 1.) (6).  

Table 1. The annual incidence of primary ACL reconstructions per 100,000 citizens in Scandinavia (6). 

 

Prepubertal boys and girls have an equal number of ligament sprains with equal time spent at 

practice and competition of the same sports but girls have a higher injury rate immediately following 

their growth spurt and into maturity (7-9). Across both practice and competition in team handball, 

females are almost twice as likely to injure the ACL as males (10, 11). Studies have primarily been 

conducted on high level, mature athletes and hypotheses as to the reasons for greater risk of ACL 

rupture involve hormones and differences with respect to anatomy and body composition, to name a 

few. The incidence and risk of ACL rupture in prepubertal children, however, is not well documented 

and research as to factors contributing to injury risk in that age group is limited. 
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1.1 The neuromuscular system 

The neuromuscular system is responsible for the coordinated muscle activity that provides dynamic 

joint stability and produces optimal movement patterns. Complex interactions between sensory 

organs, the central and peripheral nervous systems and skeletal muscle result in our ability to 

effectively complete our chosen tasks (12). Muscles crossing multiple joints must be coordinated to 

produce a given outcome but there are multiple strategies available to execute even the simplest of 

tasks. There are distinct indications that gender specific changes in dynamic movement patterns may 

occur across age. A difference in landing strategies between pre- and postpubertal females has been 

found, as well as a response to fatigue that differs from that of males, and this has been reported to 

predispose females to an ACL injury (13, 14). There is increasing evidence in the literature suggesting 

that gender differences in neuromuscular control of the lower limb biomechanics, in particular knee-

joint loading, is a primary contributor to the female ACL injury mechanism, regardless of age (13). 

Notably, extensive research has been done on females after the onset of puberty, whereas very 

little is known about the mechanics of ACL injuries in prepubertal athletes (10-14 years). Prepubertal 

musculoskeletal growth and strength is not complete and body weight of such a young athlete is often 

low. The ground reaction force (GRF) may therefore influence dynamic movement patterns and 

potential injury mechanisms differently from that of mature athletes. A young athlete has very different 

anatomy than a mature athlete in terms of muscle mass, bone density, neuromuscular capacity, 

movement coordination, endurance level and so on. Children are known to sustain injuries that reflect 

softer bones, so to speak, as their bones bend instead of breaking (greenstick fracture), but it is 

accepted that intense exercise has a positive effect on bone mass density in prepubertal female 

athletes (15). Children may, however, demonstrate kinematic and kinetic signals and signs that may 

be considered risk factors for serious ligament injuries, such as an ACL injury, during their later teens. 

If such risk factors are identified in children, we may be able to develop specific screening and training 

protocols targeting that age group in order to lower the rate of this serious knee injury.  

Neuromuscular patterns in males and females diverge substantially during maturation. Males 

demonstrate increases in power, strength, and coordination with age that correlate with their 

maturational stage whereas, on average, girls show little corresponding change throughout maturation 

(11, 16, 17). 
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1.2 The drop jump 

The drop jump (DJ) is widely used as a functional evaluation tool of movement patterns, both in the 

clinic and in research (18, 19). It may give information on the individual’s movement strategies and 

thereby identifying possible risk factors, for example in regards to an ACL injury. The landing phase of 

the DJ involves eccentric muscle activity via deceleration and primarily challenges the lower limb 

extensor muscle groups to absorb the vGRF and store elastic energy in preparation for pushing up 

and jumping (13, 20-23). Many factors are involved during performance of the DJ, which may differ 

between individuals as they execute the movements differently, despite having received the same 

instructions on how to perform the task. Although the movement occurs mainly in the sagittal plane in 

a closed kinetic chain, motion may also occur in other movement planes (transverse and frontal) at 

each lower limb joint. The most frequently observed kinematic variable during performance is the knee 

flexion angle and a multi planar motion, the so-called dynamic valgus (11, 13, 24, 25). The magnitude 

of the vGRF measured from a DJ reflects each person’s ability to coordinate all the before mentioned 

factors (muscle function and kinematic performance) and can give important information about 

possible injury risks involved for that individual.  

1.3 Risk factors 

1.3.1 Non-modifiable risk factors 

Anatomy and structure are risk factors impossible to control or modify. Hence, they have mainly been 

researched to try to explain gender differences related to the number of female versus male injuries. 

Recognized differences include the fact that female ACLs tend to be shorter and narrower compared 

to those of males, and females tend to have a greater lateral and medial posterior-inferior tibial slope 

than males and a reduced coronal tibial slope (20, 26-29) (Figure 1). Furthermore, females generally 

have a narrower femoral inter-condylar notch than males (30) and tend to have greater anterior knee 

laxity, knee hyperextension, general joint laxity and internal-rotation knee laxity than their male 

counterparts (31). Many studies have been done on the dynamic component of the landing 

mechanism in the knee joint. It has been stated that the dynamic valgus collapse that occurs at the 

knee joint and ultimately injures and/or ruptures the ACL, is the most common mechanism of that 

injury (32). Most research done on the risk factors of ACL injury that have provided data on many 

different joints at the same time, indicate that this valgus collapse is multi-planar and dynamic in 

nature. 

 There is no compelling evidence for lower extremity alignment to be a factor for ACL injury. It 

is however known that a mature female has a greater anterior pelvic tilt, hip ante-version, tibia-femoral 

valgus angle and quadriceps angles than an adult male. These differences could influence the 

alignment of the lower extremity during closed chain dynamic tasks and make the subject vulnerable 

to ACL injuries (25, 33-35). The monthly variations in estrogen and progesterone levels have been 

studied as a possible risk factor of ACL injuries at and after the onset of puberty. It is presumed that 

the rising levels of estrogen has a direct effect on the structure, composition and function of the ACL 

and may as such lead to a higher risk of an injury (36) . 
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1.4 Modifiable risk-factors  

1.4.1 Leg symmetry and leg dominance  

Side-to-side lower limb asymmetry in neuromuscular strength, flexibility, and coordination have been 

shown to be important predictors of increased injury risk and it has been suggested that female and 

male athletes show differences in leg dominance and symmetries between legs during landing tasks 

(38-40). In particular, a prospective study demonstrated that the ratio of knee abduction moment inter-

limb difference was 6.4 times greater in female athletes who went on to injure their ACL, compared to 

uninjured females (25). With respect to limb dominance, an athlete who habitually relies on one limb 

over the other may potentially place both limbs at an increased risk of ACL injury. 

Figure 1. Sagittal view of measurement of the medial tibia slope and lateral tibia slope 

A. an increased slope angle. B. a decreased slope angle. Hashemi et al. (37) 

 

The weaker limb may be compromised in its ability to manage even average forces and torques, 

whereas the stronger limb may experience exceptionally high forces and torques due to increased 

dependence and increased loading on that side in high force situations. Identification of faulty 

movement patterns that increase risk of injury is therefore important in order to allow for 

implementation of specific interventions, targeted at prevention. An example of a successful 

intervention aiming to improve symmetry is demonstrated in a study by Hewett et al., who measured 

significant side-to-side differences in H/Q peak torque ratios in a group of females who then 

participated in a neuromuscular prevention training program. Upon completion of the training program, 

these side-to-side imbalances were diminished (41). This research focus on the frontal plane angular 

movements, and the GRF affecting the knee joint and how it differs from pre to post-fatigue in 

prepubertal athletes. Further research needs to be done on the kinematics of prepubertal age group, 

possibly a multi-planar one, to further enhance the knowledge and shed a light on gender differences 

during a drop jump task and evaluate the effects of fatigue.  
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1.5 Mechanism of injuries 

The cause of ACL injuries has been described as multi-factorial and involves anatomical, 

biomechanical and physiological characteristics, that results in an excessive dynamic valgus collapse 

mechanism of the knee (Figure 2) without influences from outer sources (42). It has been reported that 

around 65-70% of all ACL injuries occur at non-contact circumstances (13, 42-45). Commonly 

reported mechanisms of injury for non-contact ACL injury include landing from a uni- or bilateral jump, 

foot strike with the knee close to extension, with or without change of direction and rapid deceleration 

and cutting. It has also been suggested that males and females use a different muscle activation 

strategy during drop jumps and landings, which can help explain the higher injury frequency among 

females. Hewett et al. have identified common components of the typical mechanism of the ACL injury 

(21). Ligament dominance refers to the condition where muscles around the knee do not absorb the 

GRF sufficiently during activity, so that the joint and ligaments must absorb high amounts of force over 

a brief amount of time which lead to higher impulse forces that are likely to result in ligament rupture.  

 

 

 

 

 

 

 

 

Figure 2. Dynamic valgus collapse. Hewett TE, (25). 

Quadriceps dominance refers to the tendency to stabilize the knee joint during landing by primarily 

using the quadriceps muscles, instead of absorbing the ground reaction forces more equally through 

the posterior and anterior chain muscles. When landing from a jump with the quadriceps primarily 

activated, the knee joint is in extension, and the quadriceps contract and stiffen the knee joint and 

create a certain stabilization effect. In fact the activation of the quadriceps muscles in this position 

pulls the tibia into anterior translation and may create a dynamic shear stress force sufficient enough 

to injure/tear the ACL ligament. Leg dominance refers to the tendency to be more one-leg dominant in 

side-side tasks i.e. landing from a drop jump (rebound etc.) (46-49). Most athletes have a preferred 

plant leg and a preferred kicking leg, but females tend to be more reliant on their dominant limb than 

males (21, 46). 
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1.6 Neuromuscular fatigue  

Neuromuscular fatigue is a multifaceted phenomenon that can occur anywhere along the 

neuromuscular and proprioception pathways (50). This may involve both central fatigue (defined as 

processes above the neuromuscular junction) and peripheral fatigue (defined as mechanisms 

involving muscle and contractile elements). In a state of fatigue the muscles surrounding the knee joint 

may lose the ability to protect the joint. Altered neuromuscular control due to fatigue may be reflected 

by changes in electromyographic (EMG) activity, joint kinematics, and vGRF magnitudes and these 

changes also may be observed as altered lower extremity stiffness during landing. Altered stiffness 

during landing has been linked to a decrease in stored elastic energy and may negatively affect 

neuromuscular control of the knee joint, thereby making it more susceptible to injury, as previously 

mentioned (14, 38-40). Previous research has shown that potential injury situations due to 

neuromuscular fatigue occur at a certain time-frame during games and sports practice, where the risk 

is thought to be the highest during the first and last 15 minutes (51-53). Commonly reported changes 

in kinematics in the fatigued state during drop jump tasks and landings in females are decreases in 

knee flexion angles and larger peak knee valgus angles, as previously stated. Female athletes who 

demonstrate high knee abduction moments during landing mechanics are at increased risk for anterior 

cruciate ligament injury and are more likely to benefit from neuromuscular training targeted to this risk 

factor (54) (13, 25, 32, 55). Investigation into the results that relate the underlying mechanics to high 

knee abduction moments have led to the development of specific neuromuscular training interventions 

designed to reduce risk factors, particularly in female athletes (11, 21, 56). 

Currently, the utilization of preventive exercise programs (FIFA 11, PEP, KLIP) typically begin at 

and around 14 years of age or during high-school and/or starting an elite team both in soccer and 

handball. Compliance of preventive training has proven to reduce the frequency of ACL injuries, 

especially among females (57-59). Hewett et al. prospectively evaluated the effect of neuromuscular 

training on knee injury in approximately 1,300 high school athletes. Two groups of females, one 

trained before sports participation, the other not trained, and a group of untrained males were followed 

throughout the high school soccer, volleyball, and basketball seasons. Neuromuscular training 

decreased serious knee injuries by 62% in the high-risk female sports population, down to levels 

statistically similar to male levels. Another study by Mandelbaum et al. found that when using the PEP 

training program the rate of ACL injuries decreased during the latter part of the season (60) where the 

risk of injuries is greater. Younger athletes are generally not thought to benefit from this type of 

exercises, perhaps because of less developed musculature, open growth-lines and softer bones. 

However research report that intense exercise has a positive effect on bone mass density in 

prepubertal female athletes (15) and it is arguable that by enhancing neuromuscular control at an 

early age, especially in „at-risk” individuals, serious injuries might be prevented.  
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The drop jump test has been used as a screening test to identify individuals demonstrating 

specific risk factors. A recent publication indicated that athletes as young as 10 years old are 

undergoing reconstructive surgery of the ACL which reflects the fact that ACL injuries are occurring at 

prepubertal age (6). Few studies have focused on investigating the mechanics of a dynamic 

maneuver, such as the DJ, in a prepubertal population or the effects of fatigue thereon. Research in 

that area may provide valuable information regarding their performance and could identify whether 

athletes in this age group already demonstrate movement patterns that may be associated with known 

risk factors for ACL injury. 
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2 Aim  

The aim of this cross-sectional study was to identify fatigue induced changes in biomechanical factors 

in a prepubertal age group of 10-12 years old children during a DJ task. Known risk factors for ACL 

injury have been studied extensively in post-pubertal /mature athletes of both sexes. Effects of fatigue 

on neuromuscular control seems to be different in females compared to males, which may result in 

increased frequency of injuries among females. This research study focuses on kinematics of the knee 

joint in the frontal (varus/valgus) and sagittal (flexion) planes, as well as the vertical GRF and its 

relation to knee joint kinematics during a DJ. The focus is to study performance of prepubertal females 

and prepubertal males and the effects of fatigue on these variables. 

2.1  Research questions 

Are there any differences present in the vGRF and/or knee joint kinematics in the sagittal and frontal 

planes in prepubertal males and females during a drop jump? 

Does fatigue have an effect on the vGRF and/or knee joint kinematics in the sagittal and frontal planes 

in prepubertal males and females? 

The outcome variables under investigation during performance of the DJ are: 

a) The peak vertical GRF 

b) Knee flexion and ab-/adduction angles at IC 

c) Knee flexion and ab-/adduction excursion from IC to Max  

2.2 Research hypotheses 

1. Prepubertal girls will generally demonstrate greater peak vGRF than boys. 

2. Prepubertal girls will have less knee flexion at IC than boys. 

3. Prepubertal girls will have more flexion excursion from IC to Max flexion than boys. 

4. Fatigue decreases peak knee flexion angles in females. 

5. Fatigue increases vGRF in both genders. 
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3 Methods 

3.1 Research design 

The research was designed as a cross-sectional study that consisted of two groups, i) prepubertal 

males b) prepubertal females. Both groups were active in team sports (handball and/or soccer). The 

study protocol was approved by the review board at the National Bioethics Committee 

(VSNb2012020011/03.7) and announced to the Icelandic Data Protection Authority. 

3.2 Participants 

Participants were recruited during 2012-14 from local athletic clubs that offer organized sports for 10-

12 year old children. All participants were registered as playing team handball and/or football (soccer). 

Through collaboration from the staff and coaches of the athletic clubs, the children’s parents or 

guardians were contacted and written information was provided by the researchers explaining in 

simple terms: the purpose of the research and the procedures involved, the participants’ right to 

withdraw at any time without penalty of any sort, potential benefits, potential risks, and assurance of 

anonymity (Appendix I). Criteria for exclusion were history of torn knee ligaments or muscles of the 

lower extremities, intra-articular corticosteroid injection within the previous three months, neurological 

impairment, impaired balance, and any orthopedic problems of the lower limb. If the potential 

participant met the acceptance criteria and was interested in taking part in the study, an appointment 

was made for a testing session. Prior to the testing session, all participants (and their guardians since 

participants were younger than 18 years old) signed an informed consent form approved by the 

Icelandic Bioethics Committee that reviewed the information just described (Appendix II).  

3.3 Procedure overview 

All testing was conducted at the Research Centre of Movement Science, Department of Physical 

Therapy, Faculty of Medicine, School of Health Sciences, University of Iceland, Reykjavík, Iceland. 

The study period was from January 2012 to February 2014. Participants fulfilling inclusion criteria 

(described later) received an introductory letter (Appendix I) followed by a phone call to their parents 

or guardians to book a testing session. When the children arrived at the Research Center 

accompanied by their parent or guardian, they signed an informed consent as well as their 

guardian/parent. Each subject enrolled in the present study was tested during a single session at the 

Research Centre of Movement Science (University of Iceland), Reykjavik, Iceland. Each session 

involved approximately one hour of set-up time and 30-45 minutes for the data collection after the 

subject arrived. After informed consent had been obtained, weight and height were measured. Retro-

reflective markers were used for defining joint centers and track to the segments of the trunk, pelvis 

and lower extremities (Appendix III) and placed by an experienced physical therapist (the author) 

according to C-Motion marker placement guidelines C-motion (Appendix III). Clusters of 4-5 retro-

reflective markers were used to track each defined segment during dynamic trials, secured with Velcro 

straps and/or tape to avoid movement of the cluster of markers.  The methods used to collect 

biomechanical data are summarized below, with the specifics presented later. Data collection included 

synchronized collection of three-dimensional kinematic data and GRF as well as information on 

perceived fatigue on a scale of 0 to 10 of a Numeric Rating Scale (NRS) (61).  

Kinematic data were collected until five successful drop jumps on the force plates were obtained pre 

and post the fatigue protocol. 
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3.4 Fatigue protocol  

To fatigue the lower extremity muscle groups and specifically capturing hip abductors and external 

rotators in addition to lower limb extensor groups, a slide board was used. The slide board was 

approximately 2 meters long and 0.6 m wide (Figure 3). Bumpers were located on each end of the 

board and the board length could be adjusted according to the participants’ leg length. The 

participants stood on the board with the hips and knees in slight flexion, pushed off the bumper with 

the lateral part of the foot and glided to the other end of the slide board, where the same movement 

was repeated to glide back. Fatigue was induced with 4 sets of fatigue cycles with 90 seconds of rest 

between sets according to the protocol of Kernozek et al. (13) after which the motion analysis protocol 

was repeated. After the fatigue protocol, participants were asked to rate their level of fatigue. 

 

Figure 3. Motion analysis lab at the Research Centre of Movement Sciences, fatigue protocol set up. 
Frontal view of slide-board (2mx0.6m), push off from side to side. 
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3.5 Motion analysis 

3.5.1 Kinematic measurements  

An eight camera Qualisys Oqus 300 3D motion capture system (Qualisys AB, Gothenburg, Sweden) 

was synchronized to two force platforms (AMTI) embedded in to the lab floor. Qualisys track manager 

(QTM) software simultaneously recorded motion and force plate data, with the sampling rate set at 

200 Hz and each trial was 5 seconds long. An initial static trial (Figure 4) was recorded and the data 

used to determine body mass and relative marker orientation, and to define segments and their local 

reference systems as well as joint centers for the model. Both static and dynamic measurements were 

captured within a pre-calibrated area. Data were exported as c3d files and commercial software used 

to calculate joint angles from the dynamic trials. In addition, selected anthropometric measurements 

(femur length, trunk length and pelvic width) were calculated from the marker positions of the standing 

trial. After warming up on a stationary bicycle for 5 minutes and performing preparatory self-initiated 

jumps, participants performed five repetitions of a DJ from a 25 cm platform landing with their feet onto 

each of the force plates according to standardized instructions asking them to drop from the box, land 

on both feet and then jump as high as they could. The DJ represents a movement pattern seen in 

sports such as team-handball, soccer and basketball and is widely used. A fatigue protocol directly 

followed the first set of data sampling (13), after which the subject repeated the set of DJ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Frontal view of marker placement. Standing calibration from QTM (Qualisys Track 

Manager). 
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Figures 5a) and 5b). Motion analysis lab at the Research Centre of Movement Sciences. Frontal view 
seen in Qualisys Track Manager. Markers, force plates and camera 1 in view during a) starting 
position and b) landing. The 25 cm high platform is not visible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6a) and b). Motion analysis lab at the Research Centre of Movement Sciences. Frontal view of 
marker setup, force plates, 25 cm high platform and infrared camera. Retro-reflective marker set up is 
incomplete (Appendix III for complete set up). The vertical drop jump set up during a) starting position 
and b) landing. 
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3.5.2 Data managing and processing 

Commercial software (Visual3D™, C-Motion, Germantown, USA) was used to process the raw motion 

and force plate data (Figures 5-7). Marker and ground reaction force data were low-pass filtered with a 

Butterworth filter with a cut-off frequency at 6 and 15 Hz, respectively. After defining the segments of 

the model, as per the static trial it was applied to the dynamic trials and rotations between segments 

were calculated. Stance time was identified from force plate data (from toe on to toe off), force and 

kinematic data normalized to 101 data points, and an ensemble average was derived across at least 

three trials for each condition (pre- and post-fatigue). Data were exported and Microsoft Excel and 

SPSS statistical software used for further analysis. 

 

 

 

Figure 7. Force plate data X, Y and Z vectors. Visual3D™, C-Motion, Germantown, USA. 

 

3.6 Statistical data collection and analysis  

In addition to descriptive analysis, multivariate analysis was used to statistically analyze force plate 

and kinematic data per limb, pre- and post- fatigue (within subjects data), and compared between 

groups of gender. Post-hoc testing was conducted where appropriate. Independent t-tests were used 

to compare male and female demographic data. Pearson Product Moment Correlation Coefficients 

were calculated to evaluate associations between kinematic and force plate variables. Alpha was set 

at 0.05. 
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4 Results 

4.1 Participants demographics 

No differences were found for mean age, height, mass, BMI for the two groups (Table 2). While 97.5% 

(39/40) of females indicated right leg dominance so did 90% (27/30) of males. 

  

Table 2. Mean (SD) for participants‘ age, height, weight and BMI (Body Mass Index) and fatigue rating 

(numerical rating scale (NRS) after fatigue protocol. 

  Female N= 40   Male N=30       

  Mean  SD Mean SD Min Max 

Age (years) 10.68 0.76 10.45 0.69 9 12 

Weight (kg) 41.39 10.00 39.74 6.62 27.80 79.30 

Height (cm) 149.71 7.79 147.68 7.55 132.00 171.00 

BMI 18.30 2.17 18.30 2.79 14.23 27.12 

 NRS 7.26  1.29 
 

7.77 1.19     

 

 

4.2 Force Plate data- vertical GRF (Z)  

The peak vertical GRF was identified before and after the fatigue protocol (example in Figure 8).  

Figure 8. Mean Peak vertical ground reaction force (vGRF) values from initial contact to toe off. The 
figure on the left represents pre- and the figure on the right post-fatigue data of one participant. 
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A significant three way interaction (limb by fatigue by gender; p=0.028) was found for the peak vGRF 

(N/kg) during DJ performance, due to a significant increase in post-fatigue values bilaterally for 

females, while mean changes for males were not significant (Figures 9 and 10).  

 

 

Figure 9. Mean (SD) peak normalized vertical ground reaction force (N/Kg) for females before (PRE) 
and after (POST) the fatigue protocol. *Significant increase from pre-fatigue values (p>0.05) 

 

 

Figure 10. Mean (SD) peak normalized vertical ground reaction force (N/Kg) for males before (PRE) 
and after (POST) the fatigue protocol. No significant increase from pre-fatigue values. 
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4.3 Knee flexion angle  

Variables of interest included the knee flexion angle at IC and the knee flexion excursion from IC until 

maximum knee flexion was reached (Figure 11).  

 

 

 

 

 

 

 

 

Figure 11. Sagittal plane knee flexion angles. A. Knee flexion angle at IC B. Peak knee flexion 

 

A significant limb by fatigue interaction was found for the knee flexion angle at IC across both male 

and female groups (p=0.046), due to a significant pre- to post-fatigue increase in mean (SD) knee 

flexion angle at IC, a change which was more apparent in the right than the left knee (Figure 12).  

 

 

Figure 12. Mean (SD) knee flexion angles at IC for left and right lower limbs during landing, before 
(PRE) and after (POST) a fatigue protocol. * Significant pre- to post-fatigue increase in mean (SD) 
knee flexion angle at IC. 
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A significant main effect of fatigue was found for mean (SD) knee flexion excursion (from IC to peak 

knee flexion; p<0.001) across both limbs and gender. A limb by fatigue interaction was not found to be 

significant (p=0.088; Figure 13).  

Figure 13. Mean (SD) knee flexion excursion for left and right lower limbs during landing, before 
(PRE) and after (POST) a fatigue protocol. * Statistically significant. 

 
 

The timing of the vGRF data with respect to timing of the knee flexion excursion angle during the DJ, 

normalized for stance duration from IC to toe off is shown in Figure 14, as well as instances of the 

peak vGRF and maximum knee flexion angle.  

Peak vGRF Max Flexion angle 

Figure 14. The relationship and timing of individual measurements during a    
single drop jump from initial contact to toe off. 
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4.4 Frontal plane knee angle  

There was a significant main effect of limb for the flexion angle at IC (p=0.007) due to a mean 

difference of 1.5° between limbs (right knee varus of 1° (SD) vs. left knee varus of 2.5° (SD)). 

Furthermore, males demonstrated a slight but statistically significant greater mean (SD) knee varus 

across both limbs at IC (3° (0.6°)) compared to females (0.5° (0.6°)) (p=0.028; Figure 15). No 

significant main effect or interaction was detected at frontal plane knee excursion during DJ. Males 

and females demonstrated between 8 and 9 degree valgus excursion, on average, bilaterally, across 

all trials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Mean (SD) bilateral frontal plane knee joint angle across both trials (before and after 
fatigue protocol) for male and female participants. *Significant main effect.  
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4.5 Correlations  

Across all participants, weak to moderate negative correlations were found between the vGRF and 

knee flexion excursion at both pre- and post-fatigue conditions, as greater vGRF was associated with 

less excursion, and vice versa. When investigated as per gender, these associations were more 

apparent in females than males (Table 2 and Figure 16). 

 

Table 2 Correlations between vGRF and knee flexion excursion for all participants. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Flexion excursion of participants’ left knee and corresponding peak vertical ground reaction 
forces (vGRF) post-fatigue (r=-.497; p<0.001).  
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ALL N=70  r=-0.461  r= -0.228  r= -0.497  r= -0.394   

    p<0.001  p=0.054  p<0.001  p=0.001   

Female 
N=40 

  
r=-0.555 
p<0.001 

  
n.s. 

  
r=-0.475 
p<0.001 

  
r =-0.438 
p=0.004 

  

             

Male N=30  n.s.  n.s.  r=-0.421  n.s.   

        p<0.021     



 

30 

5 Discussion  

The main results of the study demonstrated that fatigue generally resulted in less knee flexion 

excursion and greater peak vGRF values during performance of the DJ. With respect to gender 

differences, prepubertal females demonstrated a significant bilateral increase in peak vGRF, while 

post-fatigue changes seemed to be reflected in a slight and non-significant shift (increase/decrease) in 

relative weight-bearing between limbs in males. Both males and females demonstrated a significant 

correlation where less knee flexion excursion during performance of the DJ was associated with 

greater vGRF, in particular when fatigued. Differences in frontal plane knee joint angles during the 

vertical DJ were only found between males and females at IC among these prepubertal athletes, with 

no difference demonstrated in excursion and no effect of fatigue. The most frequently observed 

kinematic variable during DJ performance is the knee flexion angle and a multi-planar motion, the so-

called dynamic valgus. The results of the present study and the coming discussion, however, focus on 

knee joint kinematics in the sagittal and frontal planes and on the vGRF vector, and the influence of 

fatigue and gender thereon.  

5.1 Vertical ground reaction forces (vGRF) 

The peak vGRF seen during landing phase in a DJ represents high amounts of forces generated over 

a relatively short period of time in a closed kinetic chain. The higher the impact (rate of loading) the 

less time muscles of the lower extremity have to respond and protect the knee joint by absorbing the 

shock generated from the vGRF. At the moment of impact, the passive structures of the knee joint 

(ligaments, cartilage and the surrounding joint capsule) are the main supporting structures of the knee 

joint, and if forces are excessive they may lead to a serious injury like an ACL injury. Studies have 

indicated that shock absorption via a dynamic movement pattern may be insufficient in those who 

suffer injuries to the ACL and that biomechanical alterations caused by fatigue may increase the risk of 

such an injury (62, 63). It is widely accepted that females and males exhibit differences in movement 

patterns and knee kinematics with maturation and that fatigue has an effect on the magnitude of the 

vGRF (11, 64). In a study on mature males and females there was a decrease in vGRF post-fatigue 

(65) during landing from a DJ, whereas in the present study, fatigue resulted in a bilateral change 

towards greater knee flexion angles at IC along with a significant increase in vGRF among females, 

while males demonstrated a different strategy and tended to perform a slight shift in weight-bearing 

between limbs post-fatigue (17, 66). This significant increase in the vGRF among prepubertal females 

is opposed to findings of McKay et al. where generally prepubertal males increased their vGRF more 

than the females (67). It has to be noted that McKay et al. observed changes due to a greater drop 

which varied from 10 cm to 50 cm, without a special fatigue component, while the present study 

compared the result pre-and post-fatigue from a 25 cm platform. A study that compared boys to 

mature males found that prepubertal boys exhibited more peak vGRF during landing than mature 

males (68) which represents a difference in kinematics in young and mature athletes, which was also 

the result of the present study. Perhaps the differences are mostly due to performance and anatomic 

differences at this early age, but it has to be noted that biomechanical changes are occurring at this 

time point which can lead to injuries down the line. It is therefore very important to start prevention 

programs and teach softer landing technique among the younger age-groups. 
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5.2 Knee flexion angles at IC  

The angle at which the knee is flexed at the time of IC in a sagittal plane movement, reflects the 

anticipatory component of the DJ, to be exact how ready the subjects are to perform the task at hand. 

Previous research on adult samples demonstrated that females landed with a more extended knee 

when fatigued, and a simultaneous use of the quadriceps muscle to stabilize the knee which in turn 

lead to a subsequent increase in their peak vGRF, which is known to put the female (and male) athlete 

at greater risk of rupturing the ACL (25, 65). The limb by fatigue interaction found in the present study 

primarily reflected a more extended position of the right knee at IC prior to fatigue, while there was 

greater knee flexion and greater inter-limb symmetry in sagittal plane position post-fatigue. This may 

raise questions as to the role of leg dominance during performance of bilateral jumping tasks and the 

possibility that it may be a conscious or subconscious decision to land onto the dominant leg prior to 

the non-dominant leg. In a study by Hewett et al. on landing techniques, they concluded that mature 

females have a tendency to present more side to side differences when landing from a drop jump, 

than males (41). The findings of the present study support the existing information of biomechanical 

and kinematic diversity between age groups. The results indicate that there is reason to further 

investigate execution of dynamic tasks and identify possible risk factors that may be present even at 

this early age. The possibility of a preferred leg influence at landing from a DJ may result in an 

increased side to side injury rate as previous studies have demonstrated in older male and female 

athletes (59-61). The side to side differences could however also be explained by a lack of instructions 

and guidance, or perhaps most importantly, by a lack of experience from the athlete him/herself. 

Minimal instruction, however, is important in order to detect the individual’s instinctive movement 

patterns during a relatively straight forward task. It has to be noted that when interpreting instructions, 

boys and girls may not have the same understanding so it is possible that a difference in task 

execution is a result from that. 

5.3 Knee flexion excursion (from IC to peak knee flexion)  

As noted previously, excursion in the sagittal plane may be considered the body´s main shock 

absorbing mechanism during a DJ. In this current study both males and females demonstrated a 

bilateral, significant decrease in knee flexion excursion during the DJ after fatigue. That is similar to 

the findings of Smith et al. where mature females deceased knee flexion excursion post-fatigue (from 

60.5° to 57.3°). However, in contrast to the results of this present study, the mature males increased 

their knee flexion excursion (from 57.5° to 62.5°) and that increase was coupled with a general 

decrease in vGRF post-fatigue (65). When comparing these two studies, the differences could be 

explained by age and the kinematic changes that occur with maturity, and in part in different 

performance techniques. It may also reflect the muscles’ inability to absorb the energy at a younger 

age and thus a resulting greater impact force, as seen in a higher peak vGRF in the present study. 

McKay et al. concluded that landing strategies can be learned and that technique is a big part of how 

much demand is put on the knee joint at landing (67). It would be of interest to further investigate the 

knee excursion at landing with respect to stance phase time and rate of loading and effect of fatigue, 

age and gender on those variables. 

 The negative correlation between knee flexion excursion and peak vGRF in the current study 

further supports the role of sagittal plane joint excursions in dissipating the impact of landing. This is 
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supported by the findings of Sigward et al., where reliance on frontal plane landing strategies to 

attenuate impact forces instead of sagittal plane hip musculature, is evident in prepubertal females 

(17). In the present study the association between the vGRF and knee flexion excursion was stronger 

bilaterally in the fatigued state, possibly due to greater variability in the data for this group of 

participants. Although statistical power is weaker during sub-group analysis of gender, results 

indicated that both males and females demonstrated the same pattern. It must be acknowledged that 

the peak vGRF occurs early during the landing phase, much earlier than when the peak knee flexion 

occurs. However, it seems likely that if the excursion from IC until time of peak vGRF were analyzed, 

the same association would be found. Furthermore, other joints of the lower limb, namely ankle and 

hip, also contribute towards dissipating forces, but were not included in the analysis for this study. 

5.4 Frontal plane knee angles  

Both males and females demonstrated 8-9° of valgus excursion during DJ performance across both 

limbs in the frontal plane, which was unaffected by fatigue. The fact that the excursion was unaffected 

by fatigue reflects the largely passive restraints of the knee joint in this plane, where frontal plane 

motion may be considered accessory motion responding to body weight, as no active motion is 

possible.  

 There was very slight main effect of gender as males demonstrated a slight but significant 

greater knee varus than females at IC. Perhaps, even at this early age, structural differences are 

already present as reflected by this subtle, albeit statistically significant, difference between males and 

females. One might have expected to witness an increase in valgus angles excursion among females 

during the DJ based on the findings of previous research studies relating dynamic valgus to increased 

ACL injury risk in females who, some of which, were conducted in a 2D setting, thus capturing the 

multi-planar dynamic component vs. pure frontal plane valgus (17, 25, 69). The present study, 

however, isolated the frontal plane, which has not been widely researched among this age group. 

Males demonstrated a slight (3°) knee varus angle at IC, while females had a near neutral angle 

(0.5°), which may be explained from an anatomical stand-point. This is in accordance to the findings of 

Smith et al. who reported that mature females had a slight/close to neutral angle 0.74° where the 

males demonstrated a knee valgus of 3.8°. The clinical significance of this finding is unclear, but may 

have an effect on task performance and/or risk for injury. Particularly in light of the fact that boys were 

going from 3° varus into ca. 5-6° valgus, whereas girls start out in neutral and therefore reach greater 

degrees of valgus, which may affect the valgus moment during this task.  Perhaps girls need different 

exercises than boys based on neuromuscular control and task performance differences. Performance 

tasks like the drop jump, has to be taught and implemented into physical training systematically in 

order for them to have an desired effect, which is to improve landing techniques in order to decrease 

the injury rate, especially among females (54). Present differences however, should be acknowledged 

and investigated further.  

 The main effect of limb was very slight (1.5°) and unexpected. Possibly leg-dominance affects 

structural development and promotes increases in neuromuscular control on the dominant side. 
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5.5 Limitations of the study. 

The main study limitation is the sample size that affects statistical power for detecting interactions 

between within subject’s variables and gender, in particular where larger variability in the data was 

seen. A possible limitation is the focus on knee kinetics in the frontal plane. It is a narrow frame, and 

does not take into account the dynamic movement pattern created by other planes.  
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6 Conclusion  

This research studied kinematic changes in the knee during a vertical drop jump, the effects of fatigue 

and gender differences on the risk of an ACL injury in prepubertal athletes. Participants performed a 

DJ session from a 25 cm platform on to a set of force plates, and then repeated that session after 

completing a fatigue protocol. Main results indicate that fatigue has a significant effect on landing 

strategies presented in increased knee flexion angles at IC coupled with less knee flexion excursion 

during landing and with increases in Peak vGRF post fatigue and a significant difference between 

genders in valgus angles at IC, where the males presented an increased varus angle at the left knee 

post fatigue.  

 There are indications that kinematic differences in structure and movement strategies are 

present in the prepubertal age group. These differences can represent possible risk factors for ACL 

injuries during the maturational years, unless precaution is taken. These kinetic and movement pattern 

differences are an indication that prevention programs may be called for at an early age as part of 

athletic training. These might need to be specialized for females and males separately at some stage, 

as they may need different approaches and emphases. There should be an emphasis on mind-set and 

teaching correct landings and education on the reason why certain movement strategies and landings 

are to be avoided. 

 It is important to recognize the structural and biomechanical differences present and the fact 

that they are evident earlier than previously thought. If the right steps are taken, the injury rate of ACL 

injuries could be reduced, especially among females. 
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Appendix I 

Letter of Introduction 

Rannsókn á vegum Rannsóknarstofu í hreyfivísindum við Heilbrigðisvísindasvið Háskóla 

Íslands 

Kynbundin áhætta krossbandaslits: aldurstengdar breytingar hjá ungmennum sem stunda handbolta 

og fótbolta.  

Tilgangur: Krossbandaslit eru ein alvarlegustu meiðsli sem íþróttamaður getur lent í og reikna má með 

að endurhæfing taki allt að 6-12 mánuði áður en leikmaður er fær um að snúa aftur til keppni. Þeir sem 

slitið hafa krossband fá fyrr en ella slitbreytingar í hnéliðinn, sem hefur áhrif á líkamlega virkni og 

lífsgæði til lengri tíma litið. Algengast er að meiðslin eigi sér stað við snögga stefnubreytingu eða 

lendingu úr stökki, án nokkurrar snertingar við mótherja. Stjórn hreyfinga um liði neðri útlima skiptir 

þarna höfuðmáli. 

Markmið rannsóknarinnar er að kanna þær breytingar sem verða á hreyfistjórn við kynþroska hjá 

heilbrigðu íþróttafólki af báðum kynjum og áhrif sérhæfðra æfinga þar á. Hreyfimynstur, sem og 

tímasetning og magn vöðvavinnu, verða mæld við stökk og við að breyta um hlaupastefnu. Styrkur 

helstu vöðvahópa ganglima verður einnig metinn til að kanna tengsl milli hreyfinga, vöðvavirkni og –

styrks. Kvenkyns 11-12 ára þátttakendum verður síðan skipt í tvo hópa þar sem annar hópurinn gerir 

sérhæfðar æfingar yfir 3-4 ára tímabil áður en mælingar eru endurteknar. Niðurstöður rannsóknarinnar 

munu auka þekkingu okkar og skilning á þeim áhættuþáttum krossbandaslita sem hægt er að hafa 

áhrif á og draga þannig úr tíðni meiðslanna.  

Ábyrgðarmaður rannsóknarinnar er Dr. Kristín Briem, dósent við Námsbraut í sjúkraþjálfun, 

Háskóla Íslands. Vinnusími: 525-4096, tölvupóstur: kbriem@hi.is 

Aðrir rannsakendur eru sjúkraþjálfarar í rannsóknartengdu meistaranámi í hreyfivísindum við 

Læknadeild H.Í.;  

Haukur Már Sveinsson (hms2@hi.is),  

Kolbrún Vala Jónsdóttir (kvj2@hi.is) og  

Unnur Sædís Jónsdóttir (usj1@hi.is). 

Framkvæmd: Sóst er eftir þátttöku íþróttafólks af höfuðborgarsvæðinu. Mælingar fara fram á 

Rannsóknarstofu í hreyfivísindum (Námsbraut í sjúkraþjálfun) og tekur um 2 klst. Fyrst eru límdir 

nemar á helstu vöðvahópa fótleggja, en þeir ‚hlusta‘eftir því hvernig og hvenær vöðvarnir vinna. Síðan 

er létt upphitun á hjóli, og styrkur helstu fótleggjavöðva mældur og framkvæmd almenn skoðun á 

líkamsbyggingu. Endurskinskúlur verða festar með teygju eða límbandi á ganglimi og bol þátttakenda, 

sem klæðast stuttbuxum og bol. Myndavélar, sem gefa frá sér ljós, nema endurvarpið frá kúlunum og 

fylgja þannig hreyfingum kúlnanna eftir, þegar: a) framkvæmt er stökk niður af 20-30 cm háum kassa; 

og b) gabbhreyfing er gerð (eins og til að komast framhjá andstæðingi). Eftir þessar mælingar er gerð 

sérstök æfing til að auka almenna vöðvaþreytu, en að því loknu eru mælingar endurteknar á stökki og 

gabbhreyfingu, til að meta áhrif þreytu á hreyfimynstur og vöðvavirkni. 

 

Ávinningur/áhætta af þátttöku: Þátttakandi fær upplýsingar um eigin styrk og líkamsbyggingu, og 

óbeinan ávinning vegna aukinnar þekkingar á áhrifum sértækrar þjálfunar eftir að niðurstöður 

rannsóknarinnar koma í ljós. Áhætta af þátttöku er lítil; mælingar fara fram í öruggu umhverfi án 

truflana. Þátttakendur geta því einbeitt sér að þeim æfingum sem framkvæmdar eru, sem er mikilvægt 

eftir að þeir þreytast. Æfingarnar eru staðlaðar og felast í hreyfingum sem þátttakendur þekkja vel af 

æfingum og úr keppni í sinni íþrótt. Hugsanlegt er að einstaklingar með viðkvæma húð finni fyrir 

tímabundinni ertingu undan elektróðum eða límbandi sem notað er til að festa endurskinskúlur á húð, 

en slíkt er þó óvanalegt. Þátttakendur eru tryggðir gegn óhöppum, enda þótt áhættan sé afar lítil. 
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Trúnaður og gagnaöryggi: Rannsakandi heitir fullum trúnaði við þátttakendur. Gagnaúrvinnsla fer 

fram í tölvu, gögn sem auðkennd eru einungis með númeri, eru geymd þar undir lykilorði sem 

rannsakendur hafa einir aðgang að. Skrifleg gögn, auðkennd með númeri, verða geymd í læstri hirslu. 

Þátttakendur geta hætt þátttöku í rannsókninni á hvaða stigi hennar sem er án skýringa eða eftirmála. 

Vakni einhverjar spurningar má leita til starfsfólks rannsóknarinnar eftir nánari upplýsingum, eða til 

Vísindasiðanefndar (sjá neðanmáls). Ekki er greitt fyrir þátttöku, en forráðamönnum íþróttafélaga, og 

þátttakendum, verður boðið að þiggja fræðsluerindi um niðurstöður rannsóknarinnar, hvort sem þeir 

lenda í rannsóknar- eða viðmiðunarhóp. 

 

Niðurstöður rannsóknarinnar verða birtar í meistarasritgerðum Hauks, Kolbrúnar og Unnar, en 

einnig mun stefnt að því að birta niðurstöður á ráðstefnum og í ritrýndum vísindaritum. 

Persónugreinanlegar upplýsingar munu hvergi koma fram opinberlega.  

 

Með fyrirfram þökk og von um jákvæðar undirtektir.
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Samstarfsyfirlýsing forráðamanna íþróttafélaga 

  

Samstarf þetta felst í að leyfa kynningu á ofangreindri rannsókn innan þess íþróttafélags sem 

undirritaður er í forsvari fyrir.  

 

Með mínu samþykki munu þjálfarar, íþróttamenn sem uppfylla aldursþátttökuskilyrði og forráðamenn 

íþróttamanna (eftir því sem við á, aldurs vegna) fá sent kynningarbréf þar sem skýrt er frá tilgangi 

rannsóknar og framkvæmd.  

 

Ég staðfesti hér með undirskrift minni að ég hef lesið upplýsingarnar um rannsóknina sem mér voru 

afhentar, lesið kynningarbréf það sem sent verður út, og hef fengið tækifæri til að spyrja spurninga um 

rannsóknina og fengið fullnægjandi svör og útskýringar á atriðum sem mér voru óljós.  

 

Samþykki þetta er veitt með fyrirvara um samþykkt Vísindasiðanefndar og Persónuverndar.  

 

 

 

__________________________________________ 

Staður og dagsetning 

 

 

 

__________________________________________ 

Undirskrift og kennitala / Nafn íþróttafélags 

 

 

 

Undirritaður, starfsmaður rannsóknarinnar, staðfestir hér með að hafa veitt upplýsingar um eðli og 

tilgang rannsóknarinnar, í samræmi við lög og reglur um vísindarannsóknir. 

 

 

__________________________________________ 

Nafn þess sem leggur samþykkisyfirlýsinguna fyrir 
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Appendix II. Informed consent. 

 

 
 
Háskóli Íslands        Læknadeild  
Rannsóknarstofa í hreyfivísindum    Námsbraut í sjúkraþjálfun 

  
Rannsókn á vegum Námsbraut í sjúkraþjálfun við Heilbrigðisvísindasvið Háskóla Íslands; 
Kynbundin áhætta krossbandaslits: aldurstengdar breytingar hjá ungmennum sem stunda 

handbolta og fótbolta. 
  

SAMÞYKKISYFIRLÝSING FYRIR UNGA ÞÁTTTAKENDUR  

Rannsóknir hafa sýnt að þótt strákar og stelpur hreyfi sig á svipaðan hátt þegar þau gera 

gabbhreyfingar eða stökk, þá gera karlar og konur það ekki. Ekki er vel þekkt hvað veldur þessu, 

eða hvort það hefur áhrif á t.d. meiðsli. Markmið rannsóknarinnar er að komast að því hvaða hlutir 
breytast hjá stelpum og strákum við kynþroska og hvort þjálfun skiptir máli. Hreyfimynstur og 

vöðvavinna verða mæld við stökk og við að breyta um hlaupastefnu. Niðurstöður rannsóknarinnar 

munu auka þekkingu okkar á áhættuþáttum meiðsla og áhrifum æfinga, svo við getum kannski 
dregið úr meiðslahættu. 

  

Þátttaka í rannsókninni felur í sér að mæta með strigaskó, stuttbuxur og bol á stofu í Háskóla 

Íslands, þar sem mælitæki og nemar verða sett á líkamann. Þetta gerum við til að hlusta á hvernig 
vöðvarnir vinna og mæla hvernig liðamótin hreyfast.  Einnig verður hæð og þyngd mæld. Mestur 

tíminn fer í að stilla upp og setja mælitækin á sinn stað, en svo fara mælingar fram. Þetta tekur alls 

um 2 klst. Einhverjir þátttakendur verða beðnir um að koma aftur í mælingar eftir nokkur ár. 

  

Ég staðfesti hér með undirskrift minni að ég hef lesið upplýsingarnar um rannsóknina sem mér 
voru afhentar, og hef fengið tækifæri til að spyrja spurninga um rannsóknina og fengið útskýringar 

á öllu sem ég spurði um.  Ég vil taka þátt í rannsókninni, en veit að ég má hætta við hvenær sem ég 

vil þó ég hafi skrifað undir þetta blað. Ef ég vil hætta við að taka þátt þarf ég ekki að útskýra hvers 
vegna og það breytir engu fyrir mína íþróttaiðkun eða læknisþjónustu í framtíðinni. 

  

Ég veit að útkomunum úr mælingunum verður eytt að rannsókn lokinni og að þátttakendur eru 

tryggðir fyrir óhöppum sem hugsanlegt er að verði á meðan æfingar eru gerðar í rannsókninni. 

  

________________________________________ 

Dagsetning 

  

________________________________________ 

Undirskrift og nafn þátttakanda (barns) 

  

 

Undirritaður, starfsmaður rannsóknarinnar, staðfestir hér með að hafa veitt upplýsingar um eðli og 
tilgang rannsóknarinnar, í samræmi við lög og reglur um vísindarannsóknir. 

_________________________________________ 
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Appendix III 

Marker Setup 

 

 

Anatomical markers Name Number

Location (R=right; L=left)

Cervical vertebra 7 C7 1

Thoracic vertebra 10 T10 1

Acromion RAC/LAC 2

Manubrium of Sternum Sternum 1

Sacrum Sacrum 1

Posterior Superior Iliac Spine RPSIS/LPSIS 2

Anterior Superior Iliac Spine PSIS/ASIS 2

Crista Iliaca RCI/LCI 2

Greater Trochanter RGT/LGT 2

Lateral Knee RLK/LLK 2

Medial Knee RMK/LMK 2

Additional tracking markers

Location (R=right; L=left)

Thigh RTH1-4/ LTH1-4 8

Shank RSH1-4/LSH1-4 8

Ankle RLMAL/LLMAL 2

RMMAL/LMMAL 2

Foot RHEELH/LHEELH 2

RHEELL/LHEELL 2

RTOE1/RTOE5 2

LTOE1/LTOE5 2


