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Abstract  

Background: Landing is a common task in gymnastics and the sport creates major forces and 

puts high demands on the body. The amount of collapse in the lower extremities might 

influence the ability to reduce reaction force. The foot position has been found to affect the 

position of the knee and the hip joints. The association between static foot pronation angle 

and dynamic knee valgus angle and the impact of verbal instructions to correct malalignment 

is scarcely studied. A better knowledge could improve gymnastic trainers coaching skills and 

in the long-term reduce the risk of lower extremity injuries among gymnasts.   

Aim: The aim of this study was to examine (1) the correlation between static foot pronation 

angle and dynamic knee valgus angle during landing in young female gymnasts and (2) to 

examine if verbal instructions improved the dynamic knee valgus angle.  

Method: Nineteen female teenage gymnasts, with median age at 13 years, participated in this 

study. Drop-jumps were performed to measure the dynamic knee valgus angle during landing. 

One test pre- and one test post-verbal instructions were performed. The dynamic knee valgus 

angle was measured using a two dimensional analyse in frontal plane projection angle. The 

static foot pronation angle was collected with a digital camera. Spearman’s correlation (rs) 

was used to analyse the strength of the correlation between static foot pronation angle and 

dynamic knee valgus angle during landing. A correlation between 0-0.4 was defined as a 

weak correlation, 0.4-0.6 was defined as an adequate correlation and 0.6-1.0 represented a 

strong correlation. Wilcoxon signed rank test was used to measure the difference in dynamic 

knee valgus angle pre- and post-verbal instructions. All data was studied in Dartfish and 

analysed in SPSS.    

Result: The pronation angle ranged from 0-13 degrees, median of eight. The valgus angle 

during pre-test measured a median angle at 4.5 with a range of 16 degrees and the post-test 

had a range of 22 degrees with a median angle at 0.5 degrees. The correlation analyse showed 

an adequate correlation between static foot pronation angle and dynamic knee valgus angle, 

rs=0.52. The Wilcoxon signed rank test showed a statistically significant improvement in 

valgus angle at post-test, p=0.011.   

Conclusion: The result showed an adequate correlation between pronation and knee valgus. 

This study also confirms earlier research where verbal instructions can have a positive effect 

on valgus angle during drop-jump landings. These findings could help trainers coaching 

capabilities and reduce the injury risk in the long-term.  
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1. Introduction   

Landing is a common task in gymnastic practice and the sport creates major forces and affects 

the body tremendously (Yeow, Lee, & Goh, 2009). Earlier research has found that a higher 

load at the lower extremities results in a higher risk of injuries (Ali et al., 2014; Sinsurin et al., 

2013) and both the knee and the foot angle have been shown to be predisposing factors. An 

increased risk of ACL-injury has been seen as an effect of malalignments in knee and foot 

angle (Marshall, Covassin, Dick, Nassar, & Agel, 2007; Shimokochi & Shultz, 2008; Tillman, 

et al., 2003). Anatomical and mechanical imbalances i.e. hypermobility in the foot joint can 

negatively affect movement patterns in proximal joints since the body works as a kinetic 

chain (Barber Foss, Ford, Myer, & Hewett, 2009). The foot’s position has been found to 

affect the position of the hip and the knee joints (Tateuchi, Wada, & Ichihashi, 2011) and the 

ability to reduce reaction force can be influenced by the amount of collapse in the lower 

extremities (Gittoes & Irwin, 2012). If the joint movement pattern is affected, the ability to 

handle force created during landing might be reduced (Barber Foss et al., 2009). The 

knowledge in these areas is not fully explored among young female gymnasts. This generates 

an interest to examine the association between static foot pronation angle and dynamic knee 

valgus angle and examine if verbal instructions improved dynamic knee valgus angle during 

landing in young female gymnasts. This study can contribute with more knowledge into the 

area around the impact of landing among gymnasts and help trainers to improve their 

coaching with simple adjustments which, in the long-term, can prevent the occurrence of 

injuries in the lower extremities among gymnasts.  

2. Background 

2.1 Gymnastic  

Educational gymnastic practice is an important part in childhood and school education. 

Gymnastic practice helps to develop basic motor skills which in turn set the foundation for all 

basic human physical activity. It also helps to prepare for sport performance and other 

physical demands that will occur later in life (Coelho, 2010). Gymnastic practice should be 

modified after age and should include the basic motor skills: rolling, balancing, vaulting, 

travelling, hanging, climbing, landing, crawling and supporting (Coelho, 2010). As the 

gymnast gets older the sport puts higher demands on the body’s ability to perform different 
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tasks such as landing, jumping, rotating and balancing as well as transfer angular momentum 

from one part of the body to another. Landings from forward rotating somersaults are 

especially hard for a gymnast to control and put high demands on the body (Prassas, Kwon, & 

Sands, 2007).  

2.2 Landing  

A high frequency of jumps and landings occur in gymnastic training (Gittoes & Irwin, 2012). 

These are movements that require that the body works as a kinematic chain (Khamis & 

Yizhar, 2007). This can be described in terms as when different segments influence each other 

in a functional way (Khamis & Yizhar, 2007). Both mechanical and anatomical imbalances 

such as joint hypermobility might disturb this function (Barber Foss et al., 2009). Kinematic 

describes the body’s motion in terms of; velocity, displacement and acceleration (Grimshaw, 

Lees, Fowler, & Burden, 2007). Čuk & Marinšek (2013) describes that asymmetries between 

right and left side during landing is related to kinematic variables. To improve performance 

and reduce asymmetries in the chain, it is essential to develop motor abilites and technique. In 

order to use the body’s kinematic chain with good coordination it is important with good 

muscular function. The muscle includes the neuromuscular system with the muscle fibres and 

the motor neurons. The motor neurons transmit electrochemical signals with information 

according muscle activation from the spinal cord to the muscle. The end of the motor neuron 

consists of numerous terminal branches which innervates several muscle fibres of different 

character. A motor neuron and the muscle fibres it innervates are called a motor unit (Baechle 

& Earle, 2008; Cormie, McGuigan, & Newton, 2011). The type and number of activated 

motor units decide the amount of muscle contraction. Numerous active motor units produce a 

higher amount of force (Cormie et al., 2011). To do a smooth and well-coordinated movement 

the proprioceptors are of importance. The proprioceptors are located within joints, muscles 

and tendons. They are small sensory receptors that collect and transfer information about 

pressure and tension of the muscles to the central nervous system. This information helps the 

brain to perform coordinated movements and sustain muscle tonus, for example in gymnastic 

skills (Baechle & Earle, 2008).  

2.2.1 Landing and ground reaction force 
The athletic task of landing is involved in many different sports; gymnastic, volleyball and 

basketball are some examples (Yeow et al., 2009). Landing from diagonal or lateral directions 

increase the load at the body compared to forward jump landings (Sinsurin et al., 2013). The 
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force applied to the ground by the body during an upward movement in order to create a jump 

is called ground reaction force (GRF) (Grimshaw et al., 2007). GRF affects the impact on the 

body during landing and to decrease the GRF as much as possible a double leg-landing is 

preferable. A double leg-landing produce a greater stability and decrease the risk of injury, 

but does not assure the absence of excessive GRF (Yeow et al., 2009). Former research on 

landings has provided insight on both internal and external factors that might influence the 

loading and physical demands on the body. Internal factors are described as knee joint 

musculature, joint laxity, lower extremity alignment and neuromuscular control and the 

external factors concerns technique, landing experience, velocity and impact height (Gittoes 

& Irwin, 2012). Plyometric exercise is an exercise that contains a rapid stretch and takes 

advantage of the stretch shortening cycle (SSC), the stretch reflex and the elastic components 

in muscles and tendons to produce force (Baechle & Earle, 2008; McArdle, Katch, & Katch, 

2010). Jumping is a plyometric exercise that produces a lot of force in a short amount of time 

(Baechle & Earle, 2008; McArdle et al., 2010). To assess the GRF there are different kinds of 

jumps, for example a drop-jump which is performed from a height. The athlete steps off the 

height and the landing is immediately followed by a vertical or horizontal jump (Baechle & 

Earle, 2008). Drop-jumps are well examined and an increased drop-jump height has displayed 

strong correlation with an increased peak GRF (Yeow et al., 2009). A correlation has also 

been seen between smaller GRF and a softer landing style, which occur at a higher knee 

flexion (Ali, Robertson, & Rouhi, 2014; Yeow et al., 2009; Zhang, Bates, & Dufe, 2000).  

2.2.2 Gymnastic landing and ground reaction force  
In contrast to a softer landing style a stiff landing is the prescribed technique during 

gymnastic competition. During gymnastic training the gymnast performs many landings, 

mostly from jumps and somersaults. Due to the considerable frequency of high-velocity 

impact landings the gymnast is exposed to high amounts of GRF. GRF during landing from 

drop-jumps and gymnastic tools and can exceed up to 13 times the gymnasts bodyweight 

(Gittoes & Irwin, 2012). Landing from a gymnastic tool or somersault does often include a 

momentum of controlled rotation which places even greater demands on the body than a drop-

jump in order to ensure a double leg-landing during the impact landing phase (Gittoes & 

Irwin, 2012). Čuk & Marinšek (2013) pronounced the importance for young gymnasts to 

perform symmetrical landings to prevent acute injuries in the knee and ankle. A gymnast’s 

ability to reduce the reaction forces might be negatively influenced by a dysfunction in the 

alignment in the lower extremities (Gittoes & Irwin, 2012). These limitations in the ability to 
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meet the requirements of landing tasks among gymnasts have been linked to mistakes in 

performance and high injury occurrence (Gittoes & Irwin, 2012). The injuries are caused by 

the large stress that knee and ankle ligaments are placed under during landing tasks 

(Kirialanis, Malliou, Beneka, & Giannakopoulo, 2003).  

2.3 Injury risks 

Increased vertical height produces increased levels of GRF which are correlated with an 

increased risk of injury (Ali et al., 2014; Sinsurin et al., 2013; Yeow et al., 2009). The highest 

percentage of training absence due to injuries among gymnasts concerns lower extremity 

injuries and most of the acute gymnastic injuries occur in the lower extremities during 

dismounting and landing from somersaults or floor exercises. The most common injuries are 

bone bruises, knee internal derangements, ligament tears i.e. anterior cruciate ligament (ACL) 

injuries, and ankle ligament sprains (Ali et al., 2014; Kirialanis et al., 2003; Marshall et al., 

2007; Sinsurin et al., 2013; Yeow et al., 2009). Studies examining female athletes and 

gymnasts have highlighted the high incidence of acute knee injuries associated with landing 

tasks (Gittoes & Irwin, 2012; Myer et al., 2013).   

Higher knee flexion angles during landing reduce peak GRF and create a more appropriate 

muscle firing pattern and thereby reduce the risk of ACL-injuries (Ali et al., 2014). Bell, 

Oates, Clark & Padua (2013) assumed that a high knee valgus angle is the largest source to 

ACL-injuries. Knee valgus angle is measured between three anatomic landmarks, anterior 

superior iliac spine (ASIS), mid patella and mid ankle joint (Herrington L., 2014; Herrington 

& Munro, 2010; Nagano, Sakagami, Ida, Akai, & Fukubayashi, 2008). A higher knee valgus 

angle put an increased load and tension to the ACL and produces an increased injury risk 

(Shimokochi & Shultz, 2008) and a higher knee valgus angle is a key predictor of ACL-injury 

risk among female athletes (Ford et al., 2003; Hewett, et al., 2005). Another factor that 

increases the ACL-injury risk is medial rotation of the tibia during jump landings which 

derives from pronation in the subtalar joint (Tillman, et al., 2003). 

Earlier studies showed increased maximum valgus angles during drop-jump landing tasks 

among female athletes compared to male (Ford, Myer, & Hewett, 2003; Hewett, et al., 2005). 

An increased risk of ACL- injury during training has also been seen to be related to increased 

age (Myer, Sugimoto, & Hewett, 2013). Ford et al. (2003) suggested that more knowledge in 

the area around ACL- injury prevention in young female athletes is necessary in order to 

increase the safety for female athletes in their sport participation. Implementing 
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neuromuscular training (NMT) in young female athletes to correct imbalances and optimize 

the biomechanics seems to be an effective method for preventing ACL-injuries (Ford et al., 

2003; Myer et al., 2013). Myer et al. (2013) concluded that the possibility to reduce injury 

risk with NMT is somewhat better in mid–teens compared to late–teens.  

2.4 Foot alignment  

The foot is the first link in the kinematic chain and a crucial part for power distribution in the 

lower extremities (Barber Foss et al., 2009). Variations of foot positions and plantar pressure 

distribution create different motions in the kinematic chain (Tateuchi et al., 2011). Neutral 

position, supination and pronation are the different positions of the foot (Donatelli, et al., 

1999; Rockar, 1995). Static pronation involves eversion of the calcaneus, dorsi-flexion of 

talus and abduction of talus (Rockar, 1995). Pronation can be measured using the angle 

between two lines, one drawn in the middle of the distal part of the calf and one drawn in the 

middle of calcaneus (Donatelli, et al., 1999; Cornwall & McPoil, 2004). An angle of zero is 

named neutral position. To be named pronation the angle should be between 1-8 degrees and 

degrees higher than eight is called excessive pronation (Donatelli, et al., 1999). Donatelli et al. 

(1999) showed a relationship between static foot position and dynamic foot position during 

stance phase of gait. A higher pronation at gate had a strong positive correlation with a higher 

valgus angle of the calcaneus during standing (Donatelli, et al., 1999). A pronated foot 

position contributes to an internal rotation of the tibia which influences the knee joint 

(Rockar, 1995; Tateuchi et al., 2011) and might also contributes to valgus angle in the knee 

(Bell et al., 2013; Khamis & Yizhar, 2007; Tillman et al. 2003). A pronated foot position 

might also contribute to pelvic torsion and asymmetrical pelvic alignment (Khamis & Yizhar, 

2007). Larger forces applied on the body results in greater kinematic changes of foot, knee 

and hip position (Khamis & Yizhar, 2007); this happens when performing in gymnastic. 

2.5 Hip alignment 

Pantano, White, Gilchrist, & Leddy (2005) examined the relationship between two different 

hip alignments and both static and dynamic knee valgus angles. The two hip alignments 

examined were the relationship between pelvic width and femoral length (PW/FL) and the 

direction of the pull of the quadriceps muscles on the insertion of the patellar tendon, the 

quadriceps angle (Q-angle) (Pantano et al., 2005). Q-angle is measured between two lines; 

one line drawn from ASIS to midpoint of patella and one line from the tibial tuberosity to the 

midpoint of patella (Hamill & Knutzen, 2009). Pantano et al. (2005) found a weak correlation 
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between Q-angle and static or dynamic knee valgus angles while an adequate relationship was 

found between a higher PW/FL and higher knee valgus angle both during dynamic and static 

conditions.  

2.6 Knee alignment   

Knee valgus angle is most likely created by muscle imbalances around foot- and hip-joints 

(Bell et al., 2013) and dynamic knee valgus angles are suggested to be influenced by both the 

hip (Pantano et al., 2005) and the foot position (Tateuchi et al., 2011; Bell et al., 2013). In 

addition to the influence of the pronated foot position the knee angle also can be affected by 

the hip alignment. A small Q-angle creates a varus angle with higher knee separation distance. 

A large Q-angle is suggested to create a higher knee valgus angle, a smaller knee separation 

distance and to put a higher amount of stress on the knee (Hamill & Knutzen, 2009). The hip 

alignments effect on the dynamic knee valgus angle has earlier been examined (Pantano et al., 

2005) while knowledge around the foot position’s direct effect on knee valgus angle is not 

fully explored. During drop-jump the accepted peak knee valgus angles ranges between 7-13 

degrees for females. Knee valgus angles that exceed this level might be a contributory factor 

to ACL and patellofemoral joint injuries (Herrington & Munro, 2010).  

2.6.1 Knee valgus measurements  
Knee valgus has been evaluated with three dimensional (3D) kinematic analyse which is the 

most accurate and most used method (Mizner, Chmielewski, Toepke, & Tofte, 2012). Two 

dimensional (2D) analyse of frontal plane projection angle (FPPA) is another way of 

measuring the knee angle. 2D-analyse is easier to perform on a large group than 3D-analyse 

as it has lower costs and not require specific laboratory equipment (Mizner et al., 2012; Bell 

et al., 2013). 2D-analyse includes a combination of video camera, basic editing software and 

motion analyse (Bell et al., 2013). Dynamic knee valgus angle and landing technique are 

frequently evaluated with drop-jumps (Etnoyer, Cortes, Ringleb, Van Lunen, & Onate, 2013; 

Mizner et al., 2012; Peng, 2011; Yeow et al., 2009). Dynamic knee valgus examines the angle 

created between the line formed in the lower leg from midpoint of patella and midpoint of the 

ankle joint and the upper leg, the line drawn from ASIS and midpoint of patella (Herrington 

L., 2014; Herrington & Munro, 2010; Nagano et al., 2008). Munro, Herrington & Carolan 

(2012) used drop-jumps to evaluate the reliability, validity and measurement errors of video 

2D-analyse in FPPA of dynamic knee valgus angle at landing. Mizner et.al (2012) has also 

used drop-jumps to evaluate if dynamic knee angle collected in FPPA was correlated with 3D 
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knee abduction angle and external knee abduction and to evaluate the reliability and validity 

of 2D-analyse performed in FPPA. The conclusion was that an adequate to good correlation 

has been found between 3D- and 2D-analyse when measuring dynamic knee valgus in FPPA 

(Mizner et al., 2012; Munro et al., 2012; Nagano et al., 2008). There is no correlation between 

static and dynamic knee valgus angle (Pantano et al., 2005) and therefore there is no focus on 

static knee valgus angle when examining landing. Čuk & Marinšek (2013) concluded that 

video analyse is a good analyse method for trainers to use in order to find the kinematic 

reasons for bad landings in gymnasts. 

2.6.2 Verbal instructions 
Previous research performed by Etnoyer et al. (2013) found an improvement of biomechanical 

factors during landing from drop-jumps with visual feedback or a combination of visual and 

verbal feedback. Barber-Westin, Smith, Campbell, & Noyes (2010) performed an intervention 

study and examined if verbal instructions improved the dynamic knee valgus angle during 

drop-jump landing in females. A pre-test was performed and specific instructions were given 

before the athletes performed three post-test; immediately after, after 3 months and after 12 

months. All post-tests showed a significant improvement of dynamic knee valgus angle 

confirming that verbal instruction can be of importance (Barber-Westin et al., 2010; Etnoyer 

et al.; 2013).  

2.7 Rational  

The importance of more knowledge in the area around joint motions and muscle effort to 

improve gymnast biomechanics and thereby improve the required skills for gymnast athletes 

are pronounced by Prassas et al. (2007). Since the majority of gymnastic injuries occur in the 

lower extremities (Marshall et al., 2007) it is of interest to investigate if a static foot pronation 

angle affects the dynamic knee valgus angle and thus can be used as a screening for knee 

malalignment. The knowledge if direct verbal instructions improve the knee position in young 

female gymnasts is not fully explored, but is of interest and might help trainers coaching. 

Clarifying if simple instructions could help prevent the occurrence of knee malalignment and 

valgus angles can in the long-term help reduce the risk of lower extremity injuries among 

gymnasts.  
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2.8 Aim  

The aim of this study was to (1) examine if a positive adequate correlation exists between a 

static foot pronation angle and dynamic knee valgus alignment during landing in young 

female gymnasts and (2) if standardised verbal instructions improves knee alignment in 

landing. 

2.9 Research questions 

 Has a static pronated foot position positive adequate correlation with dynamic knee 

valgus position in teenage female gymnasts during landing from a drop-jump? 

 Can short verbal instructions lead to an improved dynamic knee valgus position in 

teenage female gymnasts during landing from drop-jump compared to an earlier 

performed drop-jump without verbal instructions?  

3. Methods  

3.1 Study design 

This was an experimental study design. It included one correlation and one verbal 

intervention between pre-test and post-test. Testing took place at a gymnastic hall in 

Halmstad, Sweden, between 10:30 am and 6:00 pm, and occurred before the test subject’s 

ordinary gymnastic practice. The trainer received a list with dates and times for test occasions 

and gave the gymnasts a test date which suited their personal schedule. The warm-up was 

performed in the gymnastic hall and the testing procedure was performed in a separate room 

on a rigid floor. The testing was supervised by the same test-leader, except for the warm-up 

part that was supervised by a second leader. A pilot study was performed before the test and 

due to technical issues with the camera this was replaced. After the pilot study a white sheet 

was placed on the wall behind the subjects to neutralise the background.  

3.2 Subjects  

The participants were recruited from a local gymnastic club. An information letter was sent to 

the trainers by email. Nineteen female teenage gymnasts participated in this study. The 

participants received a study information letter (appendix 8.1) and gave their written consent 

before participation. Their legal guardians also read the study information and gave their 

written consent. A letter with complementary information to the legal guardians was handed 
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out at the same time as the study information (appendix 8.2). No knowledge about the 

participants’ foot and knee angles were conducted before pre-test. The only exclusion 

criterion before participation was if a gymnast had suffered an injury during the previous six 

months which had prevented the gymnast from exercising (Nagano et al., 2008) and the 

inclusion criteria before participation were female gymnast and age 12-15 years. The 

inclusion criteria were a neutral or pronated foot position and a dynamic knee valgus angle 

when a drop-jump was performed without instructions. Subjects who showed a supinated foot 

position or knee varus angle during the data analyse were excluded. To simplify the 

placement of markers, all participants were asked to wear a close-fitting top and shorts or 

tights.  

3.3 Testing procedure  

The testing procedure was explained for two participants at a time and the dominant limb was 

determined after inquiry. All measurements were then collected from the dominant leg, 

defined as the leg used to kick a ball as far as possible (Bell et al., 2013; Etnoyer et al., 2013; 

Yeow et al., 2009). Two test persons performed the procedure with a 5-minute delay between 

each step (table 1) which started with the placement of markers on all anatomic landmarks 

and documentation of static foot pronation angle. The two test subjects were separated during 

the test procedure; therefore, all instructions were new for each subject. The participants 

performed test-jumps followed by a pre-test without any verbal instructions regarding landing 

technique. Verbal instructions concerning the landing technique were given directly after the 

pre-test and were followed by two familiarisation jumps (Etnoyer et al., 2013). The verbal 

instructions were the same for all test persons; “knees and feet directly under hips” and “toes 

and knees forward” (Barber-Westin et al., 2010). The pre-test and the post-test were recorded 

by video. A 1-minute rest was given between the three jumps in pre-test and post-test (Peng, 

2011) and a 5-minute rest were given between pre-test jumps and post-test jumps (Yeow et 

al., 2009).  
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Table 1. The parallel testing procedure in drop jump test, step by step, TP=test participant, SFPA= static foot 

pronation angle  

5 min. 

intervals 

TP1 TP2 

1 Placement of markers, documentation SFPA Delay 

2 Warm-up, jogging 5-min. Placement of markers, documentation SFPA 

3 1-min rest. 3 test-jumps, with 1-min. rest 

between each jump. 

Warm-up, jogging 5-min. 

4 5-min. rest 1-min. rest. 3 test-jumps, with 1-min. rest 

between each jump. 

5 3 pre-test jumps, 1-min. rest between each 

jump. Followed by verbal intervention & 2 test 

jumps with 1-min. rest between jumps. 

5-min. rest 

6 5-min. rest 3 pre-test jumps, 1-min. rest between each 

jump. Followed by verbal intervention & 2 test 

jumps with 1-min. rest between jumps. 

7 3 post-test jumps, 1-min. rest between each 

jump. 

5-min. rest 

8 Finished 3 post-test jumps, 1-min. rest between each 

jump. 

9  Finished 

 

A 5-minute low intensity jogging was performed before the testing procedure (Gelen, 2011). 

An intensity standardised with the Borg scale was used. The Borg scale is a numeric scale 

which ranges from 6-20 and measures the rating of perceived exertion (RPE). The subjective 

measurement of 13 is somewhat hard (Borg, 1982). The subjects were asked to run at a pace 

that placed them between 12 and 13 on the Borg scale. RPE was collected every minute to 

assure that the participants continued at the same intensity. The jogging was followed by a 1-

minute rest (Gelen, 2011) before the three test-jumps were performed (Etnoyer et al., 2013; 

Mizner et al., 2012) in the same manner as the pre-test, with the intention to get comfortable 

with the task. A 5-minute rest was given between the test-jumps and the pre-test jumps 

(Gelen, 2011; Yeow et al., 2009).  

3.4 Measurement & data collection 

The dynamic knee valgus angle was measured during a drop-jump performed from a box of 

40 centimetres of height (Peng, 2011). The test persons performed the drop-jumps barefoot on 

both feet (Nagano et al., 2008). All testing routines and training procedures were fully 

explained before start. To explain the drop-jump technique the following instructions were 

used; place your hands on your hips during the entire jump (Peng, 2011), feet shoulder width 

apart, drop of the box and perform a vertical jump immediately when your feet touch the 

ground (Mizner et al., 2012). This study performed a two dimensional (2D) analyse of 

dynamic knee valgus angle. A video camera (Panasonic, SDR-S26, Japan) placed three meters 
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in front of the subject in frontal plane projection angle (FPPA) at 0.3 meters height (Mizner et 

al., 2012) recorded the jumps, three drop-jumps for the pre-test and three jumps for the post-

test (Barber-Westin et al., 2010; Peng, 2011). To simplify data analyse in Dartfish (Dartfish 

ProSuite v5.5, LTD., Fribourg, Switzerland) (Nagano et al., 2008) markers were placed in 

frontal plane at the anatomic landmarks (figure 1) used for measuring dynamic knee valgus 

angle; ASIS, the midpoint of the patella and the midpoint of the ankle joint (Herrington L., 

2014; Herrington & Munro, 2010; Nagano et al., 2008). The dynamic knee valgus angle 

measured was the angle that occurred at the deepest knee flexion, during the first ground 

contact (Mizner et al., 2012) from the best performed jump in the pre-test and in the post-test. 

This refers to the jump where the landing occurred mostly in FPPA.  

The static foot pronation angle was documented with a digital camera (Canon digital IXUS 

100 IS, Canon, USA) in frontal plane, from the posterior part of the body in a hip width 

standing position (figure 1). The photo documentation was made from a distance of 40 

centimetres and a height of 10 centimetres. In order to calculate the pronation angle in 

Dartfish two markers were placed at the lower part of the leg and two markers were placed at 

the calcaneus (figure 1) (Donatelli, et al., 1999; Tateuchi et al., 2011). The insertion of the 

achilles-tendon to calcaneus was referred to as the subtalar joint centre according to 

instructions from Donatelli et.al (1999). The distance between the most proximal and the most 

distal of the four markers was 20 centimetres.  

 
Figure 1. Placement of none reflective markers in order to measure  

dynamic knee valgus angle and static foot pronation angle 
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3.5 Ethical and social considerations  

The study was performed according to the Helsinki declaration (World Medical Association, 

2013) and the participants’ rights and anonymity had high priority. The results were presented 

as a group result and handled with confidentiality (World Medical Association, 2013). The 

information letter received before participation clarified the importance to participate on own 

free will and their right to drop out at any time, without further explanation. The participants 

and their legal guardians gave their written consent before participation (Uppsala universitet 

& Vetenskapsrådet, 2015; World Medical Association, 2013). Their written consents 

(appendix 8.1) were stored at Halmstad University, all data collected was stored on a USB-

stick provided by Halmstad University and the participants were referred to with a number. 

Risk for knee injuries i.e. anterior cruciate ligament tears is associated to an increase in knee 

valgus alignment and pronation angle (Marshall et al., 2007). A better knowledge in this area 

might help to reduce the risk of injury among young athletes and could in the long-run reduce 

medical costs for the society.  

3.6 Statistical analyses 

A Shapiro-Wilk test of normality was used to analyse if the data was normally distributed 

(Shapiro & Wilk, 1965). All data were not normally distributed (p-value range between 

0.007-0.782). Why demographic data was presented with median, minimum and maximum 

values. To verify the correlation between the independent variable; static foot pronation angle 

and the dependent variable; dynamic knee valgus angle a Spearman’s correlation test (rs) was 

performed (Vincent & Wier, 2012). A linear correlation coefficient, rs, ranges from -1.00 to 

+1.00. Correlation of 0.00 represents no correlation and a value of -1.00 or +1.00 represent a 

perfect correlation (Thomas, Nelson, & Silverman, 2011). A correlation between 0-0.4 was 

defined as a weak correlation, 0.4-0.6 was defined as an adequate correlation and 0.6-1.0 

represented a strong correlation (Thomas et al., 2011). The explanation coefficient r
2
 was 

calculated and represents the percentage of variability, which indicates how much of one 

variable that can be explained by another variable (Vincent & Wier, 2012).  
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A Wilcoxon signed ranks test was performed to determine if a significant improvement 

existed between landings without verbal instructions and landings with verbal instructions 

(Vincent & Wier, 2012). The significance level (α) was set to 0.05. This level is the most 

common minimum level of confidence used in biomechanical science, and it states that the 

result is true with 95% confidence if p ≤ 0.05 (Vincent & Wier, 2012). Statistical analyses 

were performed in SPSS (IBM SPSS Statistics 20.0, Windows, Chicago, IL). 

4. Results  

One participant did not fit the inclusion criteria and was excluded, thus the data analyse was 

based on 18 individuals. All measurements were collected from the dominant limb and the 

right limb was dominant in 16 of 18 included participants. The participants were between 12-

15 years old (median age 13) while their years of gymnastic experience had a median of nine 

years. The demographic data collected is presented in table 2.  

Table 2. Demographic data for the 18 included participant in the study.  
Variable Median Minimum Maximum 

Height (cm) 158 137 165 

Weight (Kg) 45 38 56 

Age (years) 13 12 15 

Gymnastic experience (years) 9 6 12 

 

The median dynamic knee valgus angle measured without verbal instructions was 4.5 degrees 

and 0.5 degree with verbal instructions (table 3). Excessive pronation >8 degrees was found in 

seven out of 18 participants, and one participant had a neutral foot position. The measured 

pronation angles ranged from zero to 13 degrees with a median of eight degrees (table 3). 

  

Table 3. Static foot pronation angle and dynamic knee valgus angles measured for the   

18 participants.  

Variable Median Minimum  Maximum 

Pronation (degrees) 8 0 13 

Valgus without verbal instructions (degrees) 4.5 0 16 

Valgus with verbal instructions (degrees) 0.5 -13* 9 

*The negative value represents a varus angle.   
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The Wilcoxon signed rank test showed a statistically significant (p=0.011) improvement in 

dynamic knee valgus angle during landing from drop-jump after verbal instructions. Thirteen 

out of 18 teenage female gymnasts improved their dynamic knee valgus angle, one participant 

presented an increased angle and four showed no difference after verbal instructions.  

The study indicated a positive adequate correlation rs=0.52 (p=0.016) between static foot 

pronation angle and dynamic knee valgus angle in teenage female gymnasts (figure 2). This 

indicates that a relationship exists between an increased static foot pronation angle and an 

increased dynamic knee valgus angle. The explanation coefficient found was r
2
= 0.27, 27% of 

valgus angle in the knee can be explained by pronation angle or vice versa.  

  

 

 

5. Discussion  

The aim of the current study was to examine if an adequate positive correlation existed 

between static foot pronation angle and dynamic knee valgus angle as well as examine if 

dynamic knee valgus angle was improved after verbal instructions. The result showed an 

adequate correlation between dynamic knee valgus angle and static foot pronation angle, as 

well as an indication that verbal instructions improves the dynamic knee position in drop-

jump landings.  
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Figure 2. Correlation between the degrees of static foot pronation  

angle and the degrees of dynamic knee valgus angle in 18 young female 

gymnasts 
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5.1 Result discussion  

The correlation between static foot pronation angle and dynamic knee valgus angle is in line 

with earlier research, performed on both genders, which have investigated the effect of foot 

malalignment on the kinematic chain. Several studies has found that a pronated foot position 

create a higher medial rotation of tibia and thereby is a contributory factor for higher knee 

valgus angle (Bell et al. 2013; Tateuchi et al., 2011; Tillman et al. 2003). Tillman et al. (2003) 

indicated a strong correlation (r=0.93) between static foot pronation angle and dynamic knee 

valgus angle and an explanatory factor of 86 % was showed. Despite the lower explanatory 

factor (27%) in the current study the static foot pronation angle is still a factor that might 

influence the dynamic knee valgus angle.  

Other explanatory factors to the correlation between valgus and pronation could be general 

joint laxity or the alignment in other parts of the kinematic chain; hip alignment and forefoot 

alignment. These factors can affect the relationship because foot, knee and hip influence each 

other (Barber Foss et al., 2009; Khamis & Yizar, 2007; Patano et al. 2005). The indication 

found in this study concerning foot malalignment and its influence on dynamic knee valgus 

angle could to some extent help trainers to identify individuals in greater need of specific 

training. Specific training can then be used to improve athletes lower extremity alignment and 

thereby in the long-term decrease risk of lower extremity injuries. Only females have been 

examined in the current study and the majority of the participants showed a pronated foot 

position as well as a dynamic knee valgus angle during drop-jump landing. The use of a 

screening test to identify females at higher risk for injuries could be of great use, and have 

earlier been suggested by Ford et al. (2003). Further studies on larger groups are of interest to 

examine if an adequate or even stronger correlation exists.  

The improvement in valgus angle after verbal instructions is in line with earlier studies. 

Barber-Westin et al. (2010) stated that verbal instructions improved dynamic knee valgus 

angle at drop-jump landing in young female volleyball players. Another study performed by 

Etnoyer et al. (2013) showed an improvement of biomechanics in the lower extremities during 

jump landings in female athletes with a combination of video feedback and verbal feedback. 

Even if they examined the knee flexion angle and this study examined the dynamic knee 

valgus angle both studies indicate an improvement of biomechanical factors after verbal 

feedback.  
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A median dynamic knee valgus angle at 4.5 degrees without verbal instructions and a median 

dynamic knee valgus angle at 0.5 degrees with verbal instructions were found in the current 

study. Another study found an average dynamic knee valgus angle at 7.6 degrees in female 

athletes (Mizner et al. 2012). Dynamic knee valgus angle needs to exceed 13 degrees in order 

to be a possible risk factor for kinematic impairments and thereby increase the risk of knee 

injury (Herrington & Munro, 2010). Two participants in the current study exceeded 13 

degrees of valgus during pre-test and none during post-test initiating that the verbal 

instructions can help. It seems that verbal instruction results in better alignment and thus the 

knowledge are of importance for the trainers. However it might not be optimal to use a two 

dimensional (2D) analyse of drop-jump in FPPA as an indicator of reduced injury risk. This is 

because it only provides a general indicator of the lower extremity alignment. Since ACL-

injuries occur in multiple planes (Shimokochi & Shultz, 2008), Barber-Westin et al. (2010) 

state that a three dimensional (3D) analyse is nessecary when screening for lower extremity 

injuries. Another study by Mizner et al. (2012) examined the reliability of dynamic knee 

valgus angle with 2D- analyse in FPPA and the association to 3D-analyse. They concluded 

that a 2D-analyse potentially could be an acceptable tool to assess the ACL-injury risk. The 

assumption of the current study result is that verbal instructions might be a factor that improve 

dynamic knee valgus angle in young female gymnasts, and thereby creates a better landing 

technique. In line with Mizner et al. (2012) this study indicate that 2D-analyse in FPPA is 

possible to use as an indicator on ACL-injury risk in young female gymnast even if more 

research is needed for the specific group. It would also be of interest to follow the effect of 

verbal instructions over time in future studies. 

Three participants had a dynamic knee varus angle after intervention; this might be 

overcompensation because these participants had a small valgus or neutral position during 

pre-test. It occurred even if the athletes performed two test-jumps after verbal instructions in 

order to exclude technique errors. In order to exclude the two test-jumps as an explanatory 

factor of varus after intervention the study design might include one control group without 

test-jumps. As well as groups that perform test-jumps, one group performs two test-jumps 

while one performs more than two test-jumps. Further studies performed should put more 

focus on varus angels and why it occurs. 

The knee flexion is one factor which was not examined that might influence the valgus angle. 

A stiffer landing style produces increased ground reaction forces (GRF) which might 

influence the valgus angle. Ali et al. (2014) has shown a relationship between increased knee 
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flexion and reduced GRF. It would be of interest in future research to investigate the 

relationship between GRF and dynamic knee valgus in order to examine if a higher GRF 

correlates with an improved dynamic knee valgus angle in female gymnasts.  

5.2 Method discussion  

2D-analysis was considered to be a better method for this study because the execution was 

easier for trainers to take part of than 3D-analysis. Therefore they can track their athletes’ 

progression afterwards on their own. Static foot pronation has been analysed because it was 

believed to be easier to examine in a non-laboratory environment and thereby be used by 

trainers, than a dynamic pronation angle. Donatelli et al. (1999) found a correlation between 

static and dynamic foot pronation angels even if the opposite result have been indicated by 

Cornwall & McPoil (2004). Pantano et al. (2005) indicated that static knee valgus angle is not 

related to dynamic knee valgus angle. In order to make future studies even more reliable it 

would be of interest to investigate the correlation between both static and dynamic foot 

pronation angles with both static and dynamic knee valgus angles.  

In the current study data from the dominant leg was collected because no significant 

difference in valgus angle between legs had been found by Munro et al., (2012). If data had 

been collected from both legs, instead of one this had probably not affected the result. To 

collect data accurately and simplify Dartfish analyse none reflective tape markers was placed 

at the specific anatomic landmarks. Despite this precaution and the execution of a pilot study, 

a few problems occurred during the data collection. The videos became a bit unclear when 

transferred to the computer. The problem did not occur during the pilot study, but it might be 

because it was performed at a different facility with a different light. Even if the test facility 

had a daylight source and extern light, the total light was less than the light in the facility 

where the pilot study was performed. Better extern lights, a better camera and reflective 

markers are to prefer in future studies to optimise the analyse conditions.  

Initially the mean value from the three jumps were planned to be used as the dynamic knee 

valgus angle as the mean value has been used to examine the dynamic knee valgus angle in 

earlier studies (Herrington, L.,2014; Herrington & Munro, 2010). In this study problems were 

discovered during the data analyse in Dartfish. Many jump landings were not performed 

accurately in FPPA, and data analyse was instead made of the most accurate jump in each 

condition in relation to FPPA. Even if all participants had the same starting position errors 

occurred during landings due to the gymnasts’ individual landing position. Displacements 
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with smaller foot position than hip width, rotation in foot position or rotation in torso which 

created a weight displacement occurred. These displacements were not noticed during the test 

procedure but were obvious later when all tests were analysed in Dartfish. In order to be sure 

of three accurate measurements and to be able to analyse the mean value, future studies are 

suggested to collect measurements from more than three jumps. Pronation angle was collected 

with the landmarks from Donatelli et al. (1999) but they used a goniometer in order to collect 

foot pronation angle. The author chose to analyse the foot pronation angle in Dartfish in order 

to have the same collection method for both foot pronation and knee valgus angles.  

A variation in rest interval between 5-minutes to 10-minutes has been seen in earlier studies 

(Etnoyer et al., 2013; Yeow et al., 2009). This study used a 5-minute rest period between each 

jump condition in order to give the participants enough time to be fully recovered and prevent 

cool down. The rest intervals were prolonged with 1-minute in half of the test occasions. This 

was due to the parallel design of the testing procedure. While the pilot study was not 

performed in the parallel manner this error was detected during the testing procedure and a 

compromise accepted in order to find enough participants. This limitation of a non-

standardised rest period was preferred over the weakness that a smaller sample size might 

have created. When performing future studies, a design where one participant at the time is 

examined would be preferable.   

One other aspect to take under consideration is the landing height chosen for this study. From 

a sport specific point of view it might have been better to use a higher landing height. Gittoes 

& Erwin (2012) claimed that gymnasts performed dismounting and landing tasks from heights 

up to two meters and this study used a height of 0.4 meters (Peng, 2011). The transferability 

from drop-jumps to gymnastic practice could therefore be questioned. Despite this knowledge 

a low height was used because higher landing heights produce greater GRF (Yeow et al., 

2009) and to expose young athletes for excessively amounts of GRF and thereby increase the 

injury risk did not seem ethical.  

Another factor to consider in study execution is the two test-jumps performed after verbal 

instructions, with the intention to reduce errors in technique. Barber-Westin et al. (2010) also 

performed an intervention study to see if verbal instructions improved dynamic knee valgus 

angle and allowed their participants to perform test jumps before performing the intervention. 

Their subjects were in the same age and gender as the participants in this study. The inclusion 

of these test-jumps was the right decision because during the data collection many participants 
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changed their technique during the first of the two test-jumps. The second test-jump was then 

performed in the same manner as before verbal instructions were received.    

6. Conclusion 

This study found an adequate correlation between dynamic knee valgus angle and the static 

foot pronation angle. It also confirms that verbal instructions have a positive effect on 

dynamic knee valgus angle. A 2D-analyse can be used as a screening tool to find excessive 

valgus angle, keep track of improvements in valgus angle and also to discover static foot 

pronation. This could improve: trainers´ coaching capabilities, prevent occurrence of knee 

malalignment and reduce the risk of injury among gymnasts in the long-term. To confirm the 

relationship between the foot pronation and knee valgus and the positive effect of verbal 

instructions further studies also should examine other age groups of gymnasts.     
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8. Appendices  

8.1 Study information  

Hej!  

Mitt namn är Anna Portinsson och jag studerar på Halmstad Högskola och skriver för 

närvarande mitt examensarbete inom programmet Biomedicin med inriktning fysisk träning. 

Examensarbetet kommer att bestå av en studie där jag undersöker landningsteknik hos 

gymnaster. Jag kommer mäta vinklar i fotled och knäled för att se om vinklarna kan förklara 

kvalitéten på landningen. Enligt tidigare forskning bidrar en mer kontrollerad landning till 

minskad skaderisk. Mer kunskap inom detta område är av intresse då knäskador och 

ankelskador är de mest förekommande skadorna inom gymnastikträning.  

Du som deltagare kommer att få hoppa tre hopp utan muntliga instruktioner och tre hopp med 

muntliga instruktioner för att se om instruktionerna eventuellt kan förbättra knävinklarna och 

landningstekniken. Studien kommer att inkludera hopp från en box med höjden 40 centimeter. 

Varje hopp kommer att filmas och vinklarna kommer i ett senare skede att analyseras i ett 

datorprogram. Testerna kommer att utföras i samband med era gymnastikträningar fredagen 

den 6/3 samt lördagen den 7/3 och 14/3 i Gymnastikenshus i Söndrum, som deltagare kommer 

du att vara med vid ett tillfälle och beräknas vara involverad runt 45 minuter. Testet kommer 

starta med en grundlig genomgång av upplägget och en frågestund där jag som testledare 

kommer instruera övningarna. Instruktion sker även precis innan utförandet för att ytterligare 

minimera skaderisken. Uppvärmningen består av fem minuters jogging och tre testhopp. För 

att minimera den skaderisk som alltid föreligger vid fysisk aktivitet kommer varje 

testdeltagare att testas individuellt i hoppdelarna.  

Före testet kommer tejpmarkeringar placeras på höft, knä, fotled, häl och vad för att underlätta 

senare analysering av insamlad data. Studien utförs barfota och innan studiens start kommer 

fotens position att dokumenteras med hjälp av fotografi.  

Medverkandet i studien är frivilligt och du kan avbryta ditt deltagande när som helst under 

studiens gång utan vidare förklaringar. All data som samlas in kommer enbart att användas i 

enighet med studiens syfte och all insamlad data under studien kommer hanteras och 

presenteras konfidentiellt, vilket innebär att inga personliga detaljer utlämnas.  
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För att medverka i denna studie ska du vara tjej, gymnast, 12-15 år och du ska ha varit 

skadefri från skador i underkroppen under det senaste halvåret. Eftersom du är minderårig 

behöver du även ha målsmans godkännande. Vid testtillfället ombeds du vara klädd i en tight 

tröja och tajta shorts som slutar ovanför knäna (eller löpar tights). Detta för att förenkla 

placeringen av markeringarna och analyseringen av den insamlade datan.  

Ansvarig för denna studie är Anna Portinsson och vid ytterligare frågor eller funderingar 

kring studien går det bra att ta kontakt med ansvarig via mail eller telefon. 

Mail: anna.portinsson@hotmail.com  Telefon: 0705-629072 

Samtycke: 

 Jag har läst och godkänt informationen om studien. 

 Jag har fått möjlighet att ställa frågor. 

 Jag är medveten om att mitt deltagande i studien är frivilligt och att jag kan avbryta 

min medverkan när som helst. 

 Jag är medveten om att fysisk aktivitet alltid innebär en minimal skaderisk och att jag 

deltar på eget initiativ och eget ansvar. 

 Jag samtycker till deltagande i studien. 

 

 Signatur deltagare: 

 

 Signatur målsman: 

 

 Datum: 

Information erfordrad:  

Vikt: 

Längd: 

Ålder: 

År av gymnastikerfarenhet: 

Tack för din medverkan! 

Vänliga Hälsningar, 

Anna Portinsson  
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8.2 Letter parents 

Hej alla föräldrar! 

Jag heter Anna Portinsson och går tredje året på Biomedicin med inriktning fysiskträning och 

skriver för närvarande mitt examensarbete. Jag tog kontakt med Halmstad frigymnaster 

eftersom mitt examensarbete kommer undersöka landningsteknik hos gymnaster. Jag behöver 

20-25 gymnasters medverkan i mitt projekt. Enligt tidigare forskning bidrar en mer 

kontrollerad landning till minskad skaderisk. Mer kunskap inom detta område är av intresse 

då knäskador och ankelskador är de mest förekommande skadorna inom gymnastikträning. 

Forskning har även visat att den ålderskategori som är mest mottaglig för korrigeringar av 

felaktiga rörelsemönster är barn i förpuberteten och tidig pubertet. Därför är det av intresse för 

föreningen att delta i studien då det kan hjälpa till att fånga upp individer som ha en ökad 

skaderisk.  

Medverkan är frivilligt och då testpersonerna är minderåriga behöver de ert samtycke. Om ni 

godkänner er dotters medverkan kommer testerna att äga rum i samband med 

gymnastikträningen lördagarna, 14/3 och 7/3 samt fredagen den 6/3. Er dotter kommer 

medverka en utav dagarna under 45 minuter. 

De tider som finns att tillgå båda datumen är följande: 

Tränar du lördagar 12.00–14.00 finns tiderna: 

10.30–11.15 

11.15–12.00 

12.00–12.45 

Tränar du lördagar 13.30 -15.30 finns dessa tider: 

12.45–13.30 

13.30–14.15 

Fredag den 6/3 finns följande tider: 

16.00–16.45 

16.45–17.30 
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Ert godkännande till er dotters eventuella medverkan samt vilken tid hon har möjlighet att 

medverka emottages senast 27/2. Varje tid kommer vara öppen för två gymnaster, och 

meddelas till Andreas under träningarna eller till mig via telefon eller epost. För ytterligare 

information eller om några frågor uppstår tveka inte att höra av er.  

Epost: anna.portinsson@hotmail.com   Mobil: 0705-62 90 72  

Vid godkännande till medverkan kom ihåg att läsa igenom det informerade samtycket 

noggrant och signera samt fylla i de uppgifter som erfordras. 

 

Tack på förhand för er tid! 

 

Vänliga hälsningar, 

 

Anna Portinsson 
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