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ABSTRACT 

 ACL injury is a common orthopaedic injury in many sports.  Athletes suffering an 

ACL injury usually require financially costly surgical procedures, as well as, a lengthy 

recovery period and an increased chance of developing arthritis in the injured knee.  In 

game video analysis of non-contact ACL injuries has revealed a low knee flexion angle at 

initial contact with the ground of the injured knee as a common mechanism for injury.  

To prevent extended knee landing kinematics, athletes must possess adequate strength to 

control the downward accelerations and resultant moments at the hip and knee joints.  

Therefore, this study examined if a relationship exists between knee flexion angle and 

quadriceps strength during three jump conditions.  Twenty-eight (N=28) participants’ 

dominant leg, knee flexion angle at initial contact with the ground was measured from 

three different jump conditions via a 3-D motion capture system.  Participants’ 

quadriceps strength was also measured utilizing an isokinetic (60˚/sec) dynamometer.  To 

correct for different body masses and sizes of our male and female participants, we 

normalized the strength data to body weight.  Results of the study did not show a 

significant, positive relationship between knee flexion and quadriceps strength, when 

normalizing strength to body weight, in either male or female participants or combined as 

one cohort, for any of the three jump conditions.  We concluded that our normalizing 

factor was flawed and that our findings are inconclusive at this time.  



Texas Tech University, Dmitri Okorokov, May, 2012 

vii 

 

LIST OF FIGURES 

1. Illustration of knee angle determination. ........................................................................ 7 

2. Marker setup ................................................................................................................. 34 

3. Biodex testing (knee extension) .................................................................................... 36 

4a. Male participants’ knee angle correlated to peak normalized strength for the    

      High jump condition ....................................................................................................41  

4b. Male participants’ knee angle correlated to peak normalized strength for the   

      Low jump condition. ....................................................................................................42  

4c. Male participants’ knee angle correlated to peak normalized strength for the 

      Max jump condition. .....................................................................................................42  

5a.  Female participants’ knee angle correlated to peak normalized strength for the 

       High jump condition. ...................................................................................................43 

5b.  Female participants’ knee angle correlated to peak normalized strength for the   

       Low jump condition. ...................................................................................................44  

5c.  Female participants’ knee angle correlated to peak normalized strength for the 

       Max jump condition. ...................................................................................................44  

6a. Male participants, landing knee angles correlated to not normalized peak  ............... 45 

      strength for the High jump condition. ..........................................................................45  

6b.  Female participants, landing knee angles correlated to not normalized peak  ........... 46    

       strength for the High jump condition. .........................................................................46  



Texas Tech University, Dmitri Okorokov, May, 2012  

7a.  Combined participants’ landing knee angle correlated to normalized strength  

       for the High jump condition. .......................................................................................47  

7b.  Combined participants’ landing knee angle correlated to normalized strength 

       for the Low jump condition. .......................................................................................47  

7c.  Combined participants’ landing knee angle correlated to normalized strength  ........ 48 

      for the Max jump condition. ........................................................................................48  

8.  Torque-Length relationship graph. .............................................................................. 49 

9a.  Male participants’ landing knee angle correlated to normalized strength at 20˚ 

       for the High jump condition. .......................................................................................50  

9b.  Male participants’ landing knee angle correlated to normalized strength at 20˚   

       for the Low jump condition. .......................................................................................52  

9c.  Male participants’ landing knee angle correlated to normalized strength at 20˚   

       for the Max jump condition. .......................................................................................52  

10a.  Female participants’ landing knee angle correlated to normalized strength   

         at 20˚ for the Max jump condition. ...........................................................................53  

10b.  Female participants’ landing knee angle correlated to normalized strength

        at 20˚ for the Max jump condition. ............................................................................54  

10c.  Female participants’ landing knee angle correlated to normalized strength 

        at 20˚ for the Max jump condition. ............................................................................54  

11a.  Combined participants’ landing knee angle correlated to normalized strength 

         for the High jump condition. .....................................................................................55

 

                                                                       viii  



Texas Tech University, Dmitri Okorokov, May, 2012 

ix 

 

11b.  Combined participants’ landing knee angle correlated to normalized strength  

         for the Low jump condition. .....................................................................................56  

11c.  Combined participants’ landing knee angle correlated to normalized strength  ...... 56 

       for the Max jump condition. .......................................................................................56  

12. Correlation between participants’ weight and strength. ............................................. 60 

 

 

 



Texas Tech University, Dmitri Okorokov, May, 2012 

1 

 

CHAPTER I 

INTRODUCTION 

 Anterior Cruciate Ligament (ACL) injuries are costly and common injuries that 

occur within a variety of sports (e.g., basketball, football and soccer).  Over the years 

female athletes have demonstrated higher rates of ACL injury, but both male and female 

athletes are affected (Boden, Dean, Feagin, & Garrett, 2000; Griffin, Albohm, Arendt, 

Bahr, Beynnon, Demaio…Yu, 2006).  The financial costs of an ACL injury are also very 

high, with single reconstructive surgery costing approximately $17,000 and over $850 

million spent on all ACL injuries in the U.S. (Dempsey, Lloyd, Elliott, Steele, Munro, & 

Russo, 2007).   Additionally, costs to the athlete are also high with rehabilitation periods 

ranging from 9 to 12 months (Fleming, 2003) and most importantly, risk of developing 

osteoarthritis in the injured knee is 10 times greater as compared to uninjured athletes 

(Hewett, Ford, & Myer 2006).   

 Interestingly, up to 70% of ACL injuries are non-contact, where only the athletes’ 

body weight and the ground reaction forces cause the injury (Boden et al., 2000).  Many 

different mechanisms have been cited as possible factors causing a non-contact ACL tear 

including; anatomical, hormonal, muscular and biomechanical factors (Barber-Westin, 

Noyes, Tatulo Smith, & Campbell, 2009).  While some factors are not easily or at all 

modifiable, like anatomical structure of the ligament itself or the architecture and 

structure hyaline cartilage of the tibia and femur, neuromuscular control and 
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biomechanical factors are modifiable with training and are of special interest in research 

fields.   

 Given the severity of an ACL injury, prevention training programs are needed.  

Intervention programs have been tested and examined as far back as 1996 by Hewett, 

Stroupe, Nance, & Noyes.  Intervention training programs have included jump, 

resistance, plyometric, flexibility, proprioception and balance training as well as 

instructional technique and education.  Programs have also focused on a range of athletes 

from high school athletes to athletes participating in elite professional leagues.   

 Many training studies have shown positive results.  Some training programs have 

been successful in reducing impact forces, abduction/adduction torques (Hewett et al., 

1996), valgus/varus torques (Myer, Ford, Palumbo, & Hewett, 2005) as well as lessened 

injury rates in groups of athletes who participated in the training program (Gilchrist et al., 

2008; Hewett, Lindenfeld, Riccobene, & Noyes, 1999; Mandelbaum et al., 2005; 

Myklebust, Engebretsen, Braekken, Skjolberg, Olsen, & Bahr, 2003).   

 Unfortunately, with these training programs established, the rate of injury 

amongst athletes overall has not improved (Agel, Arendt, & Bershadsky, 2005).  This can 

possibly and partially be explained by a rush of likely-to-be inexperienced and untrained 

female athletes, which is now considered to be 9 times greater in college and 5 times 

greater in high school than it has been during last 30 years (Hewett, Ford, & Myer, 2006) 

due to Title IX implementation.  Additionally, ACL intervention programs have poor 

compliance rates even when implemented in elite sports leagues (Myklebust et al., 2003).  
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Low program compliance rates may be attributed to the complexity and time demand of a 

given program.  Some  ACL injury prevention programs contain as many as 46 different 

exercises (Myer & Bahr, 2005), making them not only difficult to follow, but also time 

consuming from both the athlete’s and coach’s point of view.  

  A way to simplify intervention programs and improve compliance rates is to 

target one important risk factor for injury.  If an athlete was to focus on one factor to 

reduce ACL injury risk, a good choice would be the knee flexion angle at landing.  

Landing with an extended knee as demonstrated through video analysis is a consistent 

position for non-contact injuries.  Landing with a straight leg has several negative effects: 

1) it does not allow the musculature of the lower body to safely absorb the impact forces 

and 2) the landing impact forces are magnified, 3) hamstrings are less protective at low 

knee flexion angles (Pandy & Shelburne, 1997; Li, Rudy, Sakane, Manamori, Ma, & 

Woo, 1999), 4) tibial plateau and orientation of the knee joint is put in a compromising 

position (Hashemi et al., 2008). 

 During a landing from a jump, the body’s downward movement accelerates the 

hip and knee joints into a flexed position and the ankle joint into dorsiflexion, creating a 

falling situation unless an adequate muscle force is available to stop the accelerations at 

all the joints, particularly the hip and knee.  Such a scenario implies that to land safely 

with more knee flexion and not compensate with straight leg landing, one must possess 

sufficient amount of strength in the lower body musculature.  If an athlete is weak, they 

could be landing straight legged as a result (Devita & Skelly, 1992).  
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 The nature of most, if not all, ACL prevention programs, focuses on plyometric 

and jump training exercises.  Even though many ACL prevention studies do not 

specifically focus on increasing lower body strength, especially in the quadriceps, in most 

programs it is a natural outcome given the repeated contractions and overloading 

occurring in the lower body musculature.  Myer et al. (2005) did include a resistance 

training protocol in addition to plyometric and jump training exercises in their study and 

unsurprisingly saw up to a 92% improvement in one repetition maximum squat as well as 

improvements in maximal jump height and one leg hop distance.  If athletes that 

participate in ACL training programs are actually increasing their lower body strength; 

particularly the quadriceps, it is possible this may explain the reduced injury risk 

associated with these programs.   

Statement of the Purpose 

 Sport injuries will continue to occur as long as competition continues to exist.  

ACL injuries in particular, are common and costly to athletes in several ways.  Surgical 

ACL reconstruction costs approximately $17,000, recovery periods range from 9-12 

months and subsequent knee degradation future in life is almost guaranteed.  To this day 

the only successful prevention is to not suffer such an injury.  This study focuses on 

quadriceps strength and the biomechanics of landing in healthy, young and recreationally 

active population. Data from this research will be utilized to determine if a relationship 

exists between quadriceps’ strength and knee joint landing kinematics.  Additionally, it 
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will help establish improved and simplified injury prevention intervention programs as 

well as provide a screening tool to identify people with an increased risk of ACL injury. 

Hypotheses 

In the current study it is hypothesized that participants who demonstrate weak 

quadriceps strength will display more extended knee joint angle during jump landings.  

Significance of the Study 

 ACL injuries are important due to the high rate of injury occurrence, associated 

high financial costs, and future risk of development of osteoarthritis in the injured knee, 

and lengthy rehabilitation and recovery periods.  This study is unique in the sense that it 

is considering the weakness of the quadriceps muscle group as a primary reason for the 

adoption of dangerous landing kinematics.  Previous work has not typically considered 

quadriceps strength as a preventative solution.  The reason strengthening the quadriceps 

has not been examined as a possible preventative mechanism is because the quadriceps 

have been proposed to stress the ACL at low knee flexion angles; especially below 15˚ 

(Li et al., 1999).  However, recent research by Domire, Boros, and Hashemi (2011) and 

Hashemi, Breighner, Jang, Chandrashekar, Ekwaro-Orise, & Slauterbeck (2010a) have 

reported that quadriceps contraction alone is not likely to injury the ACL. The results of 

the current study could point physicians, exercise practitioners, coaches and team trainers 

in a better direction as to how to effectively train persons at an increased risk for ACL 

injury. 
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Delimitations 

 This study will be delimited to participants who are not highly trained athletes. 

Limitations 

 Because this is a correlational study, causation cannot be assumed.  Additionally, 

this study does not have a training period for quadriceps strength or a post-test of landing 

kinematics, nor does it have a follow up period showing an actual decrease in risk of 

ACL injury.   

Assumptions 

  Due to the limited number of available EMG surface electrodes, (i.e., not enough 

to place on both legs), we are assuming that EMG activity is the same in the dominant 

and non-dominant legs.  We are also assuming that participants are performing their 

absolute maximal effort during Biodex strength trials.  Lastly, we are assuming that 

participants’ quadriceps strength and muscle activation is symmetrical between dominant 

and non-dominant limbs.  

Definitions 

 Jump landings – participants will stand on a 64cm platform and when instructed 

will hop off the platform landing with each foot completely on a separate force plate. 
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 Knee angle – is the difference between the absolute thigh and absolute knee 

segments angles (see Figure 1.)  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Illustration of knee 
angle determination. 
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CHAPTER II 

REVIEW OF LITERATURE 

Anatomical Description of the Knee and ACL ligament 

 The anterior cruciate ligament (ACL) is one of four major ligaments in the knee, 

along with the posterior cruciate ligament (PCL), the lateral collateral ligament (LLC) 

and the medial collateral ligament (MCL).  The ACL originates from the femur bone and 

inserts into the tibia.  The primary function of the ACL and supporting ligaments is to 

stabilize the knee from unwanted movements such as anterior tibial translation and 

internal rotation, hyperextension, and to direct the knee in the desired direction of 

movement (Olsen, Myklebust, Engebretsen, & Bahr, 2004).   

Type of Injuries 

 ACL injuries are generally classified into two categories; contact and noncontact.  

A contact injury implies that other external forces contribute to ACL injuries, such as a 

blow to the knee by another player.  This is contrast to noncontact ACL injuries which 

only involve the ground reaction forces acting on the athlete.  Over 70% of reported ACL 

injuries are classified as non-contact (Boden et al., 2000; Landry, McKean, Hubley-

Kozey, Stanish, & Deluzio, 2007).  Non-contact injuries have also been divided into three 

different movements; 1) deceleration, 2) cutting maneuver/change of direction, and 3) 

landing with one or two feet (Boden et al., 2000; Olsen et al., 2004).  
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Who is Affected? 

 Both males and females are affected by ACL injuries in sports requiring quick 

decelerations, fast changes of direction, and jump landings.  Injuries vary by sport, 

including football, basketball, soccer and volleyball.  Injuries also occur indoors and 

outdoors and on hard courts, synthetic fields and natural grass playing fields (Boden et 

al., 2000).  However, it is widely accepted that female athletes are more susceptible to 

ACL injuries.  Olsen et al. (2004) reported that female athletes are three to five times 

more likely to suffer a non-contact ACL injury than their male counterparts.  Arendt and 

Dick (1995) collected ACL injury data incidents in collegiate athletics for a five year 

period from 1989 to 1993.  This study showed that female basketball players were more 

likely to suffer an ACL injury in both basketball 0.26 vs. 0.07 and soccer 0.31 vs. 0.13 

than their male counterparts.  In a similar study Agel et al. (2005), the researchers 

reported that female athletes suffered more ACL injuries in basketball - 514 and soccer - 

394 as compared to males, who suffered 168 ACL injuries in basketball and 192 in 

soccer.  The rate of injury is significantly higher in female soccer (1 in 7,692 exposures) 

and basketball (1 in 6250) players than in male athletes (1 in 25,000). This study is in 

agreement with Arendt and Dick (1995) that female athletes are still at higher risk than 

males of suffering an ACL injury in both basketball and soccer. 

Injury Frequency 

 Up to 250,000 ACL injuries are reported in a given year (Griffin et al., 2006) with 

175,000 reconstructive surgeries performed in the U.S. in 2000 (Gottlob, Baker, 
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Pellissier, & Colvin, 1999). Agel et al. (2005) collected data on ACL incidents in NCAA 

basketball and soccer for an extended 13 year period between 1989 and 2002 academic 

years.  During the 13 year period, 1,268 ACL injuries were reported by the NCAA in just 

basketball and soccer in only 15.6% of schools with basketball and soccer programs.  

Ford, Myer, & Hewett (2003) reported female high school basketball players suffered an 

ACL injury at a rate of 1 in 65 which is approximately 7,000 ACL injuries per year.   

Consequences of Injuries 

 Typical total ACL injury rehabilitation takes at least six months and up to 12 

months (Silvers & Mandelbaum, 2011).  After reconstructive surgery, the injured person 

will face strict and detailed rehabilitation procedures that include no weight bearing 

activities during the first 3 weeks and always wearing a protective knee brace for up to 6 

weeks (Tripp, Stanish, Ebel-Lam, Brewer, & Birchard, 2007). ACL reconstructive 

surgeries are mostly successful with athletes returning to competition within the first year 

65-80% of the time.  However, some athletes face psychological barriers such as fear of 

performing the same movement that caused the injury, re-injuring the same knee, 

completely staying away and avoiding the sport or activity, anxiety, anger and depression 

(Tripp et al., 2007).  This further delays recovery, return to competition, and training 

and/or compromising activities of daily living.  

 Following ACL injury, almost 100% of people will develop osteoarthritis (OA) in 

their injured knee (Myer, Ford, Divine, Wall, Kahanov, & Hewett, 2009), which is 10 

times higher when compared with uninjured people (Ford et al., 2003; Myklebust et al., 
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2003).  OA is characterized by degeneration of the articular cartilage and/or subchondral 

bone.  Briem and Snyder-Mackler (2008) cite that knee OA is common in the medial 

compartment and is associated with genu varum, medial joint space narrowing, joint 

laxity, deterioration of the subchondral bone and weak quadriceps.  The degeneration of 

the injured joint may be severe enough to also require treatment (Louboutin, Debarge, 

Richou, Selmi, Donell, Neyret, & Dubrana, 2009), leading to arthroscopic surgery or total 

joint replacement.  The setting in of OA  has been shown to affect kinematics, kinetics, 

and temporo-spatial parameters during normal gait (Zeni & Higginson, 2009) in efforts to 

minimize joint forces and avoid pain (Briem & Snyder-Mackler, 2008).  Due to the 

almost inevitable onset of OA in the injured knee joint, it is beneficial to prevent the ACL 

injury from taking place.    

Injury Costs  

 ACL injuries are costly and common injuries that occur within a variety of sports.  

The approximate cost of a surgical ACL reconstruction is $17,000 with the total cost for 

all ACL surgeries in the United States in a given year being $850 million (Dempsey et 

al., 2007).  Gottlob et al. (1999) reported reconstructive surgery costing over $11,000, 

while non-operative ACL procedures costing over $2,000.  A New Zealand study also 

reported ACL reconstructive surgery upwards of $10,000 (Gianotti, Marshall, Hume, & 

Bunt, 2009).  With an average cost of $17,000 per ACL reconstructive surgery, injuries in 

just high school female basketball players may account for well over $100 million per 
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year in medical expenses (Ford et al., 2003) making ACL injuries one of the more costly 

injuries to treat (Cumps, Verhagen, Annemans, & Meeusen, 2008).   

Possible Risk Factors and/or Mechanisms for ACL Injuries 

 ACL injury risk factors and mechanisms can be broken down to intrinsic and 

extrinsic contributing factors (Arendt & Dick, 1995).  Intrinsic factors could be hormonal 

changes, joint laxity, anatomical structure such as narrow intercondylar notch, and 

general weakness of the ACL structure.  The extrinsic factors include playing conditions, 

playing surface, players’ style of play, quadriceps/hamstring ratio and neuromuscular 

control.  ACL injury risk factors can also be broken down to environmental, anatomical, 

hormonal, neuromuscular and biomechanical factors (Griffin et al., 2006). Environmental 

factors are those such as weather conditions, playing surfaces, footwear, and protective 

braces.  Anatomical factors include the size and structure of the ACL itself as well as 

knee joint anatomy.  Hormonal factors include sex hormones up or down regulated 

during different phases of the menstrual cycle as well as those associated with regulation 

of the ligament.  Neuromuscular and biomechanical risk factors are associated with 

general strength of the muscles and hip, knee and/or ankle joint angles at landing during a 

sporting movement.   

Anatomical  

 It is widely accepted in the literature that female athletes are more susceptible to 

ACL injury.  Anatomical differences have often been hypothesized to explain this 

discrepancy.  Anatomical risk factors include the quadriceps femoris angle (Q angle), 



Texas Tech University, Dmitri Okorokov, May, 2012 

13 

 

knee valgus, lower extremity supination and pronation, body mass index (BMI), 

dimensions and structures of the knee joint itself such as the width of the femoral notch 

(Griffin et al., 2006; Hashemi et al., 2009).   

 Shambaugh, Klein, and Herbert (1991) were able to show that in basketball 

players suffering from an ACL injury, the Q angle was greater in injured basketball 

players than in players who did not suffer an ACL injury.  Hewett et al. (2005) cited that 

knee valgus was a contributing factor to ACL injury during various sports.  Ford et al. 

(2003) collected jump landing data of female and male high school athletes.  Their 

findings indicated that females did land with more knee valgus angle, 27.6±2.2˚ for 

female basketball players compared to only 16.1±2.1˚ for male basketball players.   

 Recently, Hashemi et al. (2008) looked deeper into the anatomy of the knee joint.  

Their research focused on the lateral, medial and frontal plane slopes of the tibial plateau 

and the concavity and convexity of the plateaus.  Hashemi et al. (2008) believe that the 

asymmetrical geometry of the tibial plateau plays an important role in the biomechanics 

of the whole knee joint, especially anterior tibial translation and ACL injury.  Results of 

the magnetic resonance imaging showed statistically significant variations not only 

between male and female participants, but also within participant groups.  There were 

significant variations in degrees of slope in all medial, lateral and frontal planes of the 

tibial plateau were present.  In another MRI study of the tibial plateaus, Hashemi et al. 

(2009) examined injured knees and uninjured male and female knees.  The results of the 

study showed that female injured knees had increased lateral tibial slope and shallower 
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concavity of the medial tibial depth.  Male injured knees experienced increased lateral 

and medial slopes and also shallower concavity of the medial tibial depth.  Results from 

both studies suggest that individuals possess very unique anatomical knee geometry with 

different grades of tibial plateau slopes and resultant higher or lower risk of anatomical 

risk of ACL injury.  In addition to unique and individual tibial slopes, cadaver studies 

have also showed anatomical gender differences with women having smaller and less 

collagen fibril dense ACLs, differences in the structural properties where female ACLs 

failed at less of a load, decreased ligament stiffness, shorter ligament stretch to failure 

and less energy absorption (Hashemi, Mansouri, Chandrashekar, Slauterbeck, Hardy, & 

Beynnon, 2010b).  

 Anatomical risk factors are significant and important to study and identify. 

However, while anatomical ACL injury factors help identify the possible pre- 

dispositional injury risk between two athletes, they are not easily, or at all, modifiable.  

One would have to undergo extensive reconstructive and costly surgery to modify the 

tibial slopes, widen the femoral notch, or increase and strengthen the material properties 

of the ligaments themselves.  Therefore, anatomical risk factors provide little to no 

benefits to trainers, coaches and athletes.   

Hormonal 

 Many aspects of the effects of hormones and hormonal fluctuations still remain 

largely unknown.  Hormonal fluctuations have shown to be important in regulating 

collagen synthesis and degradation (Yu and Garrett, 2001).  Yu and Garrett (2001) also 
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saw that increased levels of estradiol and progesterone increased ACL fibroblast 

proliferation and procollagen synthesis.  However, constant fluctuations of sex hormone 

levels have been cited as an injury risk factor, especially knee joint laxity during various 

stages of the menstrual cycle (Van Lunen, Roberts, Branch, & Dowling, 2003).  Some 

studies have considered during what part of the menstrual cycle an athlete suffered an 

ACL injury, but studies have mixed reports on during which period proved to be most 

susceptible to ACL injury (Griffin et al., 2006).   Given the fact that hormonal 

fluctuations and effects remain largely unknown and naturally extremely complex, this 

may prove to be less useful to coaches and athletes as a useful ACL injury intervention 

method.   

Neuromuscular 

 Neuromuscular risk factors of ACL injury involve the quadriceps hamstring ratio, 

muscle activation patterns during a jump or cutting maneuver, muscle fatigue, and muscle 

stiffness.  Because the quadriceps muscle group stresses the ACL, especially at low knee 

flexion angles, (Pandy & Shelburne, 1997) and the hamstring group protects the ACL 

(Holcomb, Rubley, Lee, & Guadagnoli, 2007), some studies have focused on the ratio 

between the strength of the quadriceps and hamstrings muscle groups.  Not surprisingly, 

males who are less susceptible to ACL injury possess a more favorable ratio in favor of 

the hamstring muscles.  Other studies such as Chappell, Creighton, Guiliani, Yu, and 

Garrett (2007) focused on muscle activation and sequence during a jump.  Chappell’s et 

al. (2007) findings are in agreement with the literature in that females display increased 
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quadriceps activation during landing preparation from a jump, which some suggest is as 

an ACL injury risk factor due to the pull on the ACL and resultant anterior tibial 

translation (DeMorat, Weinhold, Blackburn, Chudik, & Garrett, 2004).  Interestingly, 

Chappell et al. (2007) also saw that female participants exhibited higher hamstring 

activation.  However, this activation may be offset by the low knee flexion angle, 

resulting in the hamstring muscle being near its maximum range and the developed force 

to protect the ACL may be too low to make a meaningful impact.   

 New research by Hashemi et al. (2010a) actually shows the benefit of quadriceps 

activation and force production.  This in vitro cadaver study showed that the quadriceps 

force and resultant pull on the ACL creates a contact force between the tibia and the 

femur.  The results of the study showed that as the pre-activation strain increases between 

the tibia and the femur, the dynamic strain caused by actual landing forces decreases, 

creating a more stable knee joint with less anterior tibial translation.   

 While a general muscle imbalance (stronger quadriceps than hamstring muscle 

groups or vice versa) may play a role in knee joint injury, the belief that strong 

quadriceps are responsible for tearing the ACL does not seem plausible in real world 

situations due to the quadriceps’ short muscle length at landing and that the quadriceps 

does not have time to develop high forces in the period of time that the injury is known to 

occur in (Domire et al., 2011).  Additionally, possessing a favorable quadriceps 

hamstring ratio does not account for an athlete having overall adequate strength in either 

of the muscles to control and stabilize the naturally downward accelerating knee joint, 
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which may lead a person to compensate proper landing biomechanics for impact force 

absorption.   

Landing Kinematics 

 Biomechanical.  Just like all of the aforementioned ACL injury risk factors are 

complex, biomechanical mechanisms are also naturally multifaceted.  Hashemi, 

Chandrashekar, Jang, Karpat, Oseto, & Ekwaro-Osire (2007) explain that the knee is a 

multi axis joint with interrelated translation and rotations, and that ACL injury is a 

dynamic event taking place in a very short amount of time.  However, biomechanical 

factors are of particular interest in research due to the fact that landing biomechanics of 

an athlete can be modified with training, and past research has been able to show a 

relationship between knee joint landing kinematics and ACL injury.   

 Many studies focus on the knee landing kinematics during a jumping or cutting 

maneuver, but ground reaction forces and hip and ankle joint kinematics also play a role.  

During a jump landing, ground reaction forces during landing may exceed 2 to 4 times 

the body weight (Withrow, Huston, Wojtys, & Ashton-Miller, 2006).  Therefore, it is of 

utmost importance to have properly positioned joint kinematics 

(flexion/extension/rotation), muscle strength (adequate strength to stabilize joints) and 

muscle activation (joint agonist and antagonist muscles firing in correct order) during 

jump landings to absorb such high forces.  In an in vitro simulation study, Hashemi et al. 

(2007) used nine cadaver knees to test various mechanisms including: quadriceps and 

hamstring activation, flexion of the hip joint and ground reaction forces.  The goal of the 
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study was to cause isolated ACL injury when varying muscle force and hip joint flexion 

angle.   Results of the simulation showed that ACL tears occurred when hip flexion was 

restricted.  Researchers cited that if an athlete decides to use hip musculature to absorb 

landing ground reaction forces, instead of the quadriceps, this causes the femur to 

stabilize and not allow the knee to flex, resulting in tibial translation and possible ACL 

injury.  Additionally, by allowing hip flexion in this simulation, researchers observed that 

the ground reaction forces were dispersed over a longer period of time.   

 Boden, Torg, Knowles, and Hewett (2009) reviewed videos of athletic 

movements that resulted in an ACL injury and compared them to athletes performing 

similar movements who did not suffer an injury.  Their focus was not just on the knee 

joint angle, but also on the ankle and hip angles at initial contact with the ground.  Video 

analysis results revealed that athletes that suffered an ACL injury exhibited heel or 

flatfoot initial contact with significantly less ankle plantar flexion; 10.7˚±9.6˚ for the 

injured athletes and 22.9˚±10.1˚ for the uninjured athletes.  Hip joint kinematics showed 

that injured athletes had significantly more hip flexion; 52.4˚±17.4˚ for the injured 

athletes and 33.4˚±12.7˚ for the uninjured athletes.  Researchers concluded that hind 

and/or flatfoot landing with low ankle plantar flexion may affect ground reaction force 

absorption by the gastrocnemius and the soleus muscles.  They also state that increased 

hip flexion exhibited in the injured athletes suggests that the body is put in a position 

where the hip musculature cannot absorb the weight of the upper body and stabilize the 

femur at the same time leading to high forces being passed through the knee.   
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Knee 

 Several video analyses of ACL injuries strongly suggest that straight leg landing 

and planting kinematics are dangerous and are a common trend in non-contact injuries 

amongst athletes in various sports.  Boden et al. (2000) reviewed 23 ACL injuries 

recorded on video.  Researchers examined a mix of contact and non-contact injuries in 

male and female athletes in various sports with injuries occurring on different playing 

fields.  Their observations of the non-contact injuries concluded that athletes’ injured leg 

was at near full extension just prior to contact with the playing surface.    

 Olsen et al. (2004) reviewed 20 ACL injuries during a season in a female 

Norwegian handball league.  Researchers classified all of the injuries as non-contact, 

indirect contact or direct contact.  They also divided all of the injuries into player action 

when injury occurred.  Results showed that 12 injuries took place when the player was 

planting and cutting and changing direction, four injuries occurred after a one-leg landing 

after a jump, two injuries were caused by player deceleration, one by pushing off and one 

by a direct blow to a standing player.  Video digitization of the injuries showed that all 20 

injuries occurred with the knee flexion angle below 25 degrees, valgus collapse and 

rotation of the tibia.  Researchers believe that the rotation of the tibia may cause the ACL 

to intrude on the femoral condyle due to a combination of quadriceps contraction and 

increased valgus angle.  

 Cochrane, Lloyd, Buttfield, Seward, & McGivern (2007) reviewed ACL injuries 

captured on tape during an Australian football season.  Researchers analyzed 34 ACL 
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injuries.   They reported 56% of the injuries to be non-contact with injuries being suffered 

during cutting/change of direction, landing from a jump, and deceleration movements.  

Kinematic analysis of the injuries revealed that 92% of the injuries occurred with knee 

flexion angle below 30 degrees and that the injured knees also collapsed in 

valgus/internally.   

 Krosshaug et al. (2007) also analyzed video tapes of ACL injuries but with male 

and female basketball players exclusively.  This study found similar results.  At initial 

contract with the playing surface of the injured knee, knee flexion angle was low, only 

measuring between 8 and 15 degrees and the researchers estimate that the injury took 

place between 17ms and 50ms after initial contact.  Researchers also saw the valgus 

collapse in female players suffering an ACL injury.   

 The findings of the video studies are supported by studies using computational 

simulation (Pandy and Shelburne, 1997) and cadaveric simulation, which explained the 

danger of extended knee landings.  The purpose of this simulation was to examine 

relationships between knee extensor and flexor muscle forces and knee ligament forces 

during isometric contraction at different angles as well as to examine the effects of 

simultaneous activation and contraction of knee extensors and hamstring muscle group 

on ACL force.  Computer simulations revealed that as quadriceps’s force remained 

constant, the force acting on the ACL was highest at approximately 15 degrees at which 

point the force started to decline with increasing knee flexion angle.  Researchers also 

note that the hamstring group does not provide protection to the ACL at angles of 15˚ 
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degrees or less.  Computational model by Pandy and Shelburne (1997) is in agreement 

with Li et al. (1999) who used cadavers to examine forces on the ACL.  Their cadaver 

model showed significant reduction in anterior tibial translation in all knee flexion angles 

except for knee flexion angles of 15˚ degrees or less.  Additionally, Hashemi et al., 

(2007) found similar results in their dynamic in vitro cadaver study.  Results of their 

study suggest that limited knee flexion and low quadriceps strength are factors seen in 

ACL injury.   

Prevention Interventions 

 The first jump training program designed to protect against ACL injury was 

conducted by Hewett et al. in 1996.  The goal of the study was to improve neuromuscular 

control of lower body limbs through a jump/plyometric training program with female 

high school volleyball players.  Specifically, the program was intended to decrease 

landing impact forces and provide additional stabilization at the knee joint.  The jump 

training program lasted 6 weeks and contained 3 phases, 1) technique, 2) fundamentals 

and 3) performance.  Researches pre and post-tested the participants’ maximal jump 

height, strength tests, flexibility, and volleyball block jump landing forces analysis.  The 

training program itself contained numerous different jumps such as wall jumps, tuck 

jumps, squat jumps, single and double legged jumps.   

 After completion of the training program and post-testing, results showed that 10 

out of 11 participants decreased landing forces by an average of 456 N, an 80% decrease 

when compared to participants’ body weight.  Abduction and adduction moments also 
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decreased in all 11 participants after training, which the authors believe are responsible 

for medial and lateral instability.  Even though knee flexion at landing was not 

statistically significant, after training the deepest knee flexion angle throughout the 

landing phase did increase from 69±14˚ to 72±9˚.  The training program was also 

successful at increasing strength of the hamstrings and increased vertical jump height by 

1.5±.5 inches.    

 Following the promising results of the initial study, Hewett et al. (1999) 

conducted a prospective study with local soccer, volleyball, and basketball high school 

teams.  Fifteen schools performed a 6-week training program which included plyometric, 

flexibility and stretching, and resistance training with goals to decrease landing forces 

and decrease risks of potential injury in the knee.  Some schools were counted as 

untrained groups and male athletes were used as a control group.  A total of 1,263 

athletes were observed for one season of each sport.   The training protocol included three 

phases, 1) Technique phase where athletes were taught the proper mechanics of wall 

jumps, tuck jumps, squat jumps and other techniques, 2) Fundamentals phase focused on 

increasing strength, power and agility, 3) Performance phase emphasized maximal 

performance on vertical jump height.  Altogether, the program involved almost 30 

jumping, flexibility, and resistance training exercises.   

 After observing all of the athletes for one season, 14 serious knee injuries were 

reported.  The incidence rate among the groups were .43 for the untrained female 

athletes, .12 for the athletes who performed the 6-week training protocol, and .09 for the 
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male athletes control group.  Researchers concluded that athletes who participate in high 

risk sports such as basketball, soccer, and volleyball will benefit from jump training 

(Hewett et al., 1999). 

 Myklebust et al. (2003) also conducted a prospective intervention study with 

female team handball players with the focus on reducing ACL injuries by improving 

athletes’ knee control during common sport situation movements like cutting, jumping, 

and landing.  A total of 170 teams and 2,647 athletes participated in the study over three 

seasons.  The training protocol required participating athletes to adhere to the training 

program for 5 to 7 weeks, three times per week in the preseason and once per week 

during the season.  The program included core stability, wobble board, and balance mat 

exercises as well as some handball specific movements.  After completion of the seasons, 

researchers gathered data on all ACL injuries that occurred.  Results of this study did not 

show significant reduction in ACL injuries across all players (p=.15), or only in the elite 

division (p=.06).  However, a reduction of injury incidents trend was evident over all the 

seasons.  Additionally, researchers did see a statistically significant improvement in 

injury rates in the elite division between athletes who performed the training and those 

who did not.  Researchers concluded that compliance to the program was most influential 

on the positive outcomes of this study.    

 Myer et al. (2005) focused their injury prevention study on dynamic 

neuromuscular training with goals of reducing knee varus and valgus torques, often seen 

as the cause of injury in female athletes.  The focus of the training was on knee flexion at 
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initial contact of jump landing.  Fifty-three female athletes from basketball, soccer, and 

volleyball teams participated in the study.  Athletes were pre and post-tested on their 

performance in vertical jump height, speed, single leg jumping, and strength of the lower 

and upper body.  Additionally, biomechanical data was collected for a drop vertical jump.  

The training protocol used in this study was a combination from previous experiments 

and included plyometric, core strengthening, balance, resistance, and interval speed 

training.  Athletes performed three training sessions per week with each session lasting 

90 minutes.  The plyometric training program included 13 different exercises such as, 

wall jumps, barrier jumps, cross over jumps, and forward and lateral hops.  The core 

strengthening and balance protocol included another 14 different exercises while the 

resistance training program consisted of 10 exercises including squats, bench press, 

hamstring curls, and ankle exercises.  Lastly, the interval training included an additional 

ten running and sprinting exercises.  The training period lasted a total of six weeks.   

 After completing the six week program, post-tests showed that athletes showed 

improvements and gains in many of the tests including a 92% improvement in 1RM 

squat, bench press, maximal vertical jump, single leg jump hop distance, speed, knee 

range of motion and most importantly, decreased knee varus and valgus torques.  

Biomechanical data showed that athletes increased their jump knee flexion-extension 

range of motion by about 5 degrees in both knees.  Additionally, after training valgus 

torque decreased by 28% and varus torque decreased by 38%.   
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 Mandelbaum et al. (2005) conducted a 2-year follow up study following 

neuromuscular training with 1,041 female, 14-18 year old soccer players.  The training 

program used in this study was the Prevent Injury and Enhance Performance (PEP) 

program which contained educational information for the coaches and players, a warm-up 

procedure, flexibility, strength, plyometric, and soccer specific agility exercises.  The 

instructional documentation of the PEP program focused on soft landings with hip and 

knee flexion instead of injury inducing extended knee and flat foot landings.  After 

conclusion of the two seasons, researchers calculated the injury rates per 1,000 player 

exposures in both game and practice appearances.  During the first year, the intervention 

group was exposed 37,476 times with only two ACL injuries taking place while the 

control group (rest of the soccer league) had 68,580 exposures and a total of 32 ACL 

sustained.  Athletes participating in the PEP intervention program had an injury incidence 

rate of only .05, compared to the control group of .47; an 88% higher risk of suffering an 

ACL injury.  In the second year, there were 30,384 and 68,868 exposures for the PEP 

trained and untrained soccer players.  Four ACL injuries occurred in the intervention 

group and 35 in the control participants.  The incidence rate for the trained athletes was 

.13 and .51 for the untrained players; a 74% reduction.   

 Petersen et al. (2005) conducted an educational and proprioceptive and jump 

training ACL intervention program which combined exercises from previous studies.  

The study utilized 20 female team hand ball teams from German semi-professional and 

elite amateur leagues.  Ten teams’ (134 players), coaches, trainers, and physiotherapists 
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were instructed to follow an eight week, three times per week, 10 minute training 

sessions during the preseason and once per week once the season, proprioceptive and 

neuromuscular program.  The program itself included an educational phase for the 

coaches and trainers explaining the possible dangerous mechanisms.  The training 

consisted of six phases, each increasing in difficulty, which incorporated balance and 

wobble board and jumping exercises for the athletes.  After going through the training 

and one playing season, injury data was collected and analyzed.  Researchers observed 

that the knee injuries, especially a non-contact ACL tear, were most severe and 

devastating.  Results of the study showed that the intervention group suffered only one 

ACL tear which was caused by direct blow to the knee, while the control group suffered 

five non-contact ACL injuries.  This discrepancy between the intervention and control 

groups was reported as statistically insignificant, but it is consistent with previous trends 

of decreased rate of injury from other training programs and studies. 

 Gilchrist et al. (2008) also used the PEP program as an intervention method but 

with collegiate female soccer players.  Their results were similar in PEP program injury 

risk reduction.  Intervention players reported only seven ACL injuries compared to 18 in 

the control participants; a 41% decrease.  Additionally, athletes who participated in the 

PEP program only suffered two non-contact ACL injuries compared to 10 for the 

controls.  Also intervention athletes did not suffer a single ACL injury during practice 

exposures while the controls suffered six injuries.   
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 Even though the overall ACL injury rates have not improved in the general 

population over the years, ACL intervention programs have shown positive results.  

Previous ACL injury intervention programs focused on many different factors affecting 

athletes’ biomechanics, muscular strength, and activation (Barber-Westin et al., 2009).  

Programs incorporated improving control of the whole torso and prepositioning the lower 

limbs before making contact with the ground.  Training programs also included various 

one and two legged jumping techniques emphasizing reducing impact forces along with 

modifying landing biomechanics by increasing hip and knee joint flexion at impact.  

Other interventions put importance on dynamic warm-up and flexibility, resistance 

training, aerobic training, and agility awareness.   

 Hewett et al. (2006) pointed out several shortcomings in many studies such as 

poor design or lack of significant number of participants, the general trend of all studies 

is that the training programs do work in successfully reducing ACL injury risk and 

frequency.  Hewett et al. (1999) showed a 72% risk decrease in female athletes who 

completed the intervention program.  Myklebust et al. (2003) showed a 36% decrease in 

ACL injuries in female handball players.   Mandelbaum et al. (2005) conducted a two 

year study and saw improvements of 88% and 72% respectively between athletes who 

completed the intervention program and the control group.  Additionally, Gilchrist et al. 

(2008) observed a 41% decrease in ACL injuries.  When training programs are 

implemented by coaches and trainers and followed by athletes, injury rates do decline.  

However, we do not see overall injury rates decreasing in the general population likely 
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due to the fact that coaches and trainers are not taking advantage of these types of 

training programs.  This may be due to the fact that there are many challenges associated 

with these programs such as compliance. 

Compliance % of the Program 

 Even when coaches, trainers and players are part of a study, it is still clear 

following these complex programs is challenging.  As an example of how time and effort 

demanding ACL injury prevention programs can be, Myklebust et al. (2003) reported that 

only 26% and 29% out of 170 teams met the compliance goals set by the researchers 

during a two year intervention program.  Compliance goals were to achieve at least 15 

training sessions during a 5-7 week training (3 sessions per week) period and at least a 

75% attendance rate by the athletes.  Even in the elite team handball division where 

motivation is highest, compliance rates were only 42% and 50% for the two years.  

However, Hewett et al. (2006) reported more optimistic compliance rates in other 

interventions including a 70% compliance rate in his own study from 1999, a 63% 

compliance rate in a study by Soderman, Werner, Pietila, Engstrom, Alfredson (2000) 

and a rates of 100% and 98% by Heidt, Sweeterman, Carlonas, Traub and Tekulve (2000) 

and Mandelbaum et al. (2005) respectively.  

 Low compliance and training session attendance may be attributed not only to the 

fact that ACL specific training programs last anywhere from 6 weeks to a year or longer, 

but that they are also very complex.  Some intervention programs include up to 30+ 

exercises and require coaching and specific equipment.  Hewett et al. (2006) also cites 
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program intensity design, when the program is implemented in relation to preseason, in 

season, or off season of the athlete, and whether the program focuses strictly on injury 

prevention, which may be too time costly to coaches and athletes in season, or if the 

program is designed for performance.  Ideally, a combination of both would most likely 

result in best compliance, but not necessarily the best in injury prevention.   

Summary  

 The ACL is one of four major ligaments in the knee working to stabilize it from 

unwanted movements.  An overwhelming amount of ACL injuries, over 70% (Boden et 

al., 2000; Landry, 2007), are classified as non-contact, with up to 100,000 to 300,000 

injuries taking place every year (Hashemi et al., 2007), affecting both male and female 

athletes.  After suffering an ACL injury, athletes face a costly uphill battle during a long 

recovery rehabilitation process and inevitably increased chances of developing OA in the 

injured knee joint.    

 Given the many possible factors contributing to ACL injuries, ACL injury is 

believed to be the most problematic in orthopaedic sports (Renstrom et al., 2008).  Such 

factors include intrinsic, extrinsic, anatomical, hormonal, neuromuscular and 

biomechanical.  Anatomical factors are associated with the structures and anatomy of the 

knee joint such as tibial plateau slopes (Hashemi et al., 2008).  Hormonal effects and 

hormonal fluctuations still remain mostly unknown, but have been cited as a risk factor, 

especially due to the accompanying increased knee joint laxity.  While anatomical and 

hormonal effects, just like some extrinsic factors, are important to study and understand, 
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they are not easily or at all modifiable thus are not really helpful to team trainers, coaches 

and athletes.   

 Neuromuscular imbalance between the quadriceps and hamstring muscle groups 

has been cited as a risk factor for ACL injuries (Holcomb et al., 2007).  However, this 

risk factor is flawed in that it does not consider whether either of the muscle groups has 

adequate total strength, rather it is a simple comparison between the absolute maximal 

strengths of the two muscle groups.  Additionally, possessing a stronger quadriceps or 

hamstring muscle group does not equate to maximal recruitment and maximal contraction 

of either muscle group during a jump landing and at initial contact.  The most prominent 

and consistent ACL injury factor remains to be landing kinematics, particularly knee 

flexion angle at initial contact.  Several video analyses (Boden et al., 2000; Olsen et al., 

2004; Cochrane et al., 2007; Krosshaug et al., 2007) document that athletes suffering an 

ACL injury exhibited knee flexion angles less than 25˚ degrees.   Low knee flexion angle 

is also in agreement with computational studies showing that the highest forces acting on 

the ACL occur near 15˚ degrees of knee flexion (Li et al., 1999; Pandy and Shelburne, 

1997).   

 Despite new research findings pointing out new possible risk factors ACL injury 

rates have not declined even though ACL injury intervention programs have shown 

positive outcomes.  For example, several studies have shown statistically significant 

decreases in ACL injury rates after completion of a particular training program (Hewett 

et al., 2006).  Hewett et al. (1999) showed a 72% injury risk decrease in female athletes 
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who completed the intervention program and Mandelbaum et al. (2005) showed 

improvements of 88% and 72% over 2 years.  Gilchrist et al. (2008) observed a 41% 

decrease in ACL injuries.  Even though the literature suggests that ACL intervention 

programs have positive results, program compliance has been reported as low as 26%, 

even in elite professional leagues (Myklebust et al., 2005).  Therefore, a better, simpler 

and more effective approach is needed.   

Our Approach 

 While we may not know the exact mechanism for non-contact ACL injury, 

straight/extended leg landing kinematics seem to be required for injury.  Our approach 

and the design of this study centers on modifiable factors.  As proposed by Hashemi et al. 

(2011), insufficient protective muscular strength around the hip joint and particularly the 

knee joint is rarely considered a risk factor and that the ground reaction forces are 

responsible for ACL tears, not muscular contraction.  This research study will focus on 

quadriceps strength (rectus femoris, vastus lateralis, vastus medialis and vastus 

intermedius) and the biomechanics of landing (knee flexion angle at initial contact).  Data 

from this research will be used to determine if a relationship exists between quadriceps’ 

strength and knee joint landing kinematics.  Additionally, data from this study will be 

utilized to increase compliance and attendance in preventive programs, by proposing a 

much simpler and quicker intervention program focusing on increasing knee flexion 

angle as well as creating a simple screening process and emphasizing the training 

specifically to those athletes who land with straight leg kinematics.    
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CHAPTER III 

METHOD 

 The purpose of the study is to investigate whether a relationship exists between 

quadriceps strength and landing biomechanics in a healthy, young, and recreationally 

active population of males and females ranging in age from 18 to 30 years.  ACL injuries 

are extremely costly financially as well as with the recovery process and resulting joint 

degeneration that occurs later in life.  The control of knee angle at landing impact is 

theoretically related to quadriceps strength in order for high joint torques to be controlled.  

Therefore, this study will attempt to quantitatively assess quadriceps strength and landing 

kinetics and kinematics from stressed landing conditions.   

Participants 

 Thirty one participants took part in the study.  Participants must have been 

available to come into lab for testing lasting 2-3 hours and be regularly engaged in 

exercise at a moderate to high intensity level three or more days per week.  People were 

excluded from the study if they are currently experiencing any of the following 

conditions: lower extremity orthopaedic or muscular injury; pain, tightness or pressure in 

the chest during any kind of physical activity; dizziness, lightheadedness or problems 

with vision; have had any lower body surgeries on the hip, knee, ankle, or foot in the last 

two years; any injuries, pain, stiffness or swelling that limits or prevents them from 

completing activities of their daily routine; continuously fall or experienced repeated 
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falls; feel unsteady or use an assistive device while standing or walking; have body mass 

index (BMI) greater than 30.  Participants were recruited from Texas Tech University via 

word of mouth, announcement services (e.g. Tech Announce) and flyers posted around 

campus.  Participants were instructed to bring or wear their own athletic apparel and 

shoes.  Researchers also reserved the right to exclude anyone from participation for any 

reason deemed unsafe or inappropriate for the study. All procedures were approved by 

the Institutional Review Board for Human Subjects Testing, and all participants signed an 

informed consent waiver prior to data collection (See appendix #).  

Instrumentation 

 Participants’ lower limb maximal strengths at the knee joint were measured using 

Biodex System 3 dynamometer (Biodex Medical Systems, Shirley, NY).  Three 

dimensional kinematic data were captured by placing and tracking retroreflective markers 

on anatomical bony landmarks of participants’ skin and clothing using six infrared Vicon 

Nexus motion capture cameras (Vicon, Centennial, CO).  Kinetic data were determined 

via two AMTI force plates (Advanced Mechanical Technology, Inc., Watertown, MA) as 

participants performed jump landings.  Data were post processed and results presented 

using Vicon Nexus, Excel, SPSS version 20 (SPSS Inc., Chicago, Ill), SPSS (SPSS Inc., 

Chicago, Ill) and Matlab (MathWorks, Inc., Natick, MA) software.  

Design of the Study 

 This is a quantitative study with a correlational design.  It is hypothesized that, 

participants who demonstrate quadriceps strength, normalized to body weight, below a 
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Figure 2. Marker setup 

certain threshold will display more extended knee joint kinematics during jump landings.  

We are expecting a positive correlation between maximal quadriceps strength developed 

isokinetically and greater knee flexion angle at initial landing contact.   

Protocol and Procedures 

 Prior to participating in the research study and meeting the exclusion criteria, all 

participants were informed of the study’s purpose and procedures and signed an informed 

consent form.  Personal exercise participation 

history was collected as well as 

anthropometrical measurements (age, height, 

weight, upper and lower body limb lengths 

and widths, dominant leg, etc.,).  Participants 

were then allowed to warm up on a cycle 

ergometer and stretch at their own discretion 

prior to the jump/landing data collection.  

Data collection took place at the Texas Tech 

Biomechanics lab and Muscle Assessment 

lab located in Exercise & Sport Sciences 

(ESS) building Rooms 103 and 107.        

 Three dimensional kinematic was collected via six infrared cameras utilizing 34 

retroreflective markers by the Vicon motion capture system set to collect data at 100Hz.  

While the main focus of the study is knee flexion angle at impact, a Vicon full body 
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model was utilized for the study for ease of whole body center of mass calculation. Thirty 

four markers were placed on the skin and/or tightly tucked in clothing on various bony 

landmarks throughout the body including; the head, acromion joints, clavicle, sternum, 

right scapula, lateral elbows, radial and ulnar wrists, second metacarpal of the hands, 

lateral malleoli, second metatarsal of the toes, heels, shanks (located on a plane from the 

knee marker to the ankle marker, for easier identification left side marker is placed lower 

than the right), lateral epicondyle of the knees thighs (located on a plane from the greater 

trochanter to knee marker, for easier identification left side marker is placed lower than 

the right),  anterior superior iliac spines, and sacral.  Forces exerted on the ground by 

participants were determined via two force plates, set to sample at 2000Hz, as 

participants performed all jump landings.   

 Once all retroreflective markers were placed on the participants, they were 

instructed to perform landings from a 64cm platform, 27cm platform and performed 

unrestricted maximal vertical jumps.  We do not expect for fatigue to play a role between 

jump landing trials but participants performed the 64cm landing first.  If the participants 

did not land and maintain balance on the force plates (one foot completely on each plate) 

or if markers were blocked or fell off, the trial was discarded and repeated until three 

successful trails have been recorded for each jump condition.  All kinematic and kinetic 

data were time synced through the Vicon Nexus acquisition software. 
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Figure 3. Biodex testing (knee extension) 

 Following completion of the three dimensional data collection, participants’ 

quadriceps muscular strength was measured using a Biodex System 3 dynamometer. A 5-

second maximal voluntary isometric 

contraction (MVIC) tests at the knee 

joint were performed with the knee 

flexed to 40˚ for knee flexion and 75˚ for 

knee extension.  Maximal isokinetic 

contraction trials to measure strength at 

the knee joint throughout the range of 

motion were performed at speeds of 

60˚/sec and incurred 5 repetitions of 

flexion and extension.  A minimum of 

three minutes rest was given between 

strength test trials.  Strength tests were         

performed on both legs.  After completing the tests participants had time to ask any 

questions regarding the study. 
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Data Processing 

 Landing Trials.  During the jump landing trials, we collected kinematic and 

kinetic data.   Marker trajectories were used to determine segment position and the 

associated knee joint angles.  We examined the knee flexion angle of both the right and 

left knees at initial contact across all three jumping conditions. 

 For the kinematic model, the thigh segment is defined by the Y-axis extended 

from the hip joint center to the virtual knee joint center. The shank segment is also 

defined by the Y-axis from the knee joint center to the ankle joint center.  The X-axis, for 

each segment, runs perpendicular from the Y-axis through the thigh and shank markers 

respectively.  The Z-axis for each segment is the cross product of the respective X and Y 

axes.  The coordinate system is translated to the calculated center of mass of the segment.  

Segment masses, centers of gravity, and radii of gyration are calculated from equations 

presented in Winter (1990).  Vicon Nexus software was used to calculate whole body 

center of mass location from marker positions during the trials utilizing equations for 

segment mass and center of gravity in Winter (1990).  

 Hip joint center is calculated via location of the right and left anterior superior 

iliac spine (RASI and LASI) and sacral marker, leg length and a calculated distance from 

the RASI and LASI markers to the greater trochanter by a regression formula by Davis et 

al. (1991).  The knee and ankle joint centers are located virtually at the flexion-extension 

axis and at half the distance of the width of the joint.  Knee angle is defined, in degrees, 
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as the angle between the thigh and shank absolute segment angles, full knee extension 

meant zero degrees.   

 Kinetic data were used to calculate the magnitude and direction of the ground 

reaction forces exerted by the participants during jump landing trials as well as identify 

initial time of contact with the ground during jump trials.  

 Strength Tests.  Quadriceps (knee extension) isokinetic torques were measured 

as subjects moved through a full flexion-extension range of motion at the knee joint and 

these data were used to assess participant strength.  We extracted and averaged peak 

torque data from the three highest isokinetic trials for all analyses. Additionally, we 

extracted strength values for each participant at the angle at which they landed.  

Analyses 

 A Pearson R correlation was used to determine the relation between quadriceps 

strength and knee flexion angle during landing.  We hypothesized a positive correlation 

would exist, in that subjects with greater knee extension torques would display greater 

knee flexion at initial landing impact.  Specifically, correlations were used to examine the 

following factors:  

 Analysis #1 - Landing Knee Joint Angle vs. Peak Isokinetic Torque 

 Male participants – High, Low and Max jump conditions 

 Female participants – High, Low and Max jump conditions 
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 Combined male and female participants – High, Low and Max jumps 

 Analysis #2 - Landing Knee Joint Angle vs. Torque Developed at Landing 

Angle 

 Male participants – High, Low and Max jump conditions 

 Female participants – High, Low and Max jump conditions 

 Combined male and female participants – High, Low and Max jumps 

  

 A priori power analysis software by Lenth, (2009) indicated that to achieve a 

power of at least 0.8 in a linear correlation statistical analysis with one predictor 

(quadriceps strength), standard deviation (SD) errors of the regression line of 0.5 and a 

regression coefficient of only .51 and with the significance level set to α = .05, this study 

will require 10 participants per group.   Our collected number of 14 participants per group 

exceeded the power analysis recommendation.   
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CHAPTER IV 

RESULTS 

  Due to exclusion of three participants, 28 participants, 14 male and 14 female, 

recreationally active, in good general health, 18 to 30 year olds were used for data 

analysis.  Two male participants were excluded from the study.  Participant Male01 was 

excluded from the study due to extreme relative weakness in left side quadriceps muscle, 

a 58% decrement compared with the right.  Male12 was excluded due to equipment 

issues during data collection.  One female participant, Female10, was also excluded from 

the study due to substantial differences in strength between right and left sides, a 43% 

higher torque in the non-dominant leg over the dominant leg, leaving the impression the 

participant did not exhibit maximal effort.  The 28 participants’ basic anthropometrical 

measurements are described below. 

Table 1.  Participants’ basic anthropometrical measurements.  

 Participants Age (y) Height (m) Body Mass (kg) BMI 

Females 14 21.21 1.66 61.46 22.21 

Males 14 22.21 1.79 78.45 24.53 
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Analysis #1 - Landing Knee Joint Angle vs. Peak Isokinetic Torque 

 Male Participants.  The following graphs display male participants’ normalized 

strength, to body weight, and dominant leg knee flexion angle data from High, Low and 

Max jump conditions.  None of the three jump conditions revealed a statistically 

significant relationship (High Jump R=0.08, df=12, p=0.80, Low Jump R=-0.03, df =12, 

p=0.91 and Max Jump R=-0.06, df=12, p=0.83). 

 

Figure 4a. Male participants’ knee angle correlated to peak normalized strength for the 
High jump condition 
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Figure 4b. Male participants’ knee angle correlated to peak normalized strength for the 
Low jump condition. 

 

Figure 4c. Male participants’ knee angle correlated to peak normalized strength for the 
Max jump condition. 
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that peak quadriceps strength when normalized to body weight in males is directly related 

with knee flexion angle at ground contact. 

 Female Participants.  Similarly, female participants also did not display 

statistically significant relationship between knee angle and quadriceps strength, as 

depicted in Figures 4a, 4b and 4c (High Jump R=0.38, df=12, p=0.18, Low Jump R=0.12, 

df=12,  p=0.69 and Max Jump R=0.01, (df=12), p=0.98). 

 

Figure 5a.  Female participants’ knee angle correlated to peak normalized strength for the 
High jump condition. 
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Figure 5b.  Female participants’ knee angle correlated to peak normalized strength for the 
Low jump condition. 

 

Figure 5c.  Female participants’ knee angle correlated to peak normalized strength for the 
Max jump condition. 
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have a visual trend suggesting that less knee flexion at initial contact is possibly 

associated with lower normalized quadriceps strength.  

 Figures 6a and 6b illustrate the relation between initial knee angle at contact 

during the High jump condition and raw (non-normalized) peak quadriceps torque data 

for male and female participants. 

 

 

Figure 6a. Male participants, landing knee angles correlated to not normalized peak 
strength for the High jump condition. 
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Figure 6b.  Female participants, landing knee angles correlated to not normalized peak 
strength for the High jump condition. 

 A visual trend of a relationship between low knee flexion angle and low strength 

does seem to exist, however neither is statistically significant, (Males R=0.41, df=12, 

p=0.14 and Females R=0.36, df=12, p=0.21).  

 Combined Participants.  For the same analysis between, dominant leg, initial 

contact knee flexion angle, and peak body weight normalized strength values; we 
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conditions.  Results once again were not statistically significant nor did they indicate a 

positive trend between higher knee flexion angle and stronger quadriceps (High jump R=-

0.01, df=26, p=0.97, Low Jump R=-0.19, df=26, p=0.32, Max jump R=-0.09, df=26, 

p=0.65). 
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Figure 7a.  Combined participants’ landing knee angle correlated to normalized strength 
for the High jump condition. 

 

Figure 7b.  Combined participants’ landing knee angle correlated to normalized strength 
for the Low jump condition. 
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Figure 7c.  Combined participants’ landing knee angle correlated to normalized strength 
for the Max jump condition. 
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Analysis #2 - Landing Knee Joint Angle vs. Torque Developed at 20˚ 

 Further examination of our results and re-assessment of our methodology revealed 

a fundamental flaw in how we went about testing our proposed hypothesis.  When we 

extracted participant torques at the knee flexion angle at which they landed (e.g. 20-30 

degrees), we inadvertently selected an angle at which all participants would have  

      

relatively compromised strength capability (see Figure 8).  At this same knee angle, 

however an unknown level of passive elastic tension would exist in the musculoskeletal 

structures (e.g. muscle, tendon and ligament) as the knee was loaded during landing. The 

passive tension and mechanical tensile properties in our participants however were not 

measured, nor could they be estimated to any reasonable extent from our data set.  

Considering the active tension of the quadriceps did not appear to be directly associated 

with the control of the landing kinematics, perhaps the passive tension was or at least 

Figure 8.  Torque-Length relationship graph 
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could contribute somewhat to the results observed.  More research is needed to determine 

the integrity of this concept.  

 Figure 8 depicts the knee extension torque by knee angle relation for one of our 

participants.  As expected, and consistent with length-tension characteristics typical of 

skeletal muscle (Brockett, Morgan, & Proske, 2001), our participants displayed relatively 

less torque as knee flexion angle decreased.  Additionally, the within- and between-

participant variability in torque production decreased at this knee angle as well.  

 What is at issue is that the lower quadriceps strength displayed at lower knee 

flexion angles is not necessarily an indication of overall quadriceps weakness.  For 

example, referring to Figure 8, if two participants displayed same peak torque, but subject 

one landed with a lower knee flexion angle, the torque we would have selected for 

participant one would naturally be a lower value than the one we selected for subject two.   

For this reason, it is difficult to conclude that the lower strength associated with the lower 

knee flexion angles are actually a result of overall quadriceps weakness.  Therefore, we 

decided to analyze individuals’ strength at an absolute (common) knee flexion angle of 

20˚ due to its extensive use in other cadaver, mechanical testing, computer simulation and 

modeling studies (DeMorat et al., 2004; Domire et al., 2011; Li et al., 1999; Pandy and 

Shelburne, 1997).  
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 Male Participants.  The following graphs display correlations between male 

participants’ knee flexion angle at impact for the three jump conditions and torque 

developed at 20 degrees of knee flexion.  

 

Figure 9a.  Male participants’ landing knee angle correlated to normalized strength at 20˚ 
for the High jump condition. 
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Figure 9b.  Male participants’ landing knee angle correlated to normalized strength at 20˚ 
for the Low jump condition. 

 

Figure 9c.  Male participants’ landing knee angle correlated to normalized strength at 20˚ 
for the Max jump condition. 
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Jump R=-0.26, df=12, p=0.37, Low Jump R=-0.35, df=12, p=0.22 and Max Jump  

R=-0.41, df=12, p=0.14). 

 Female Participants.  The following graphs display female participants’ initial 

contact knee angle and strength developed at 20˚ of knee flexion.  

 

Figure 10a.  Female participants’ landing knee angle correlated to normalized strength at 
20˚ for the Max jump condition. 
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Figure 10b.  Female participants’ landing knee angle correlated to normalized strength at 
20˚ for the Max jump condition. 

 

Figure 10c.  Female participants’ landing knee angle correlated to normalized strength at 
20˚ for the Max jump condition. 
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knee angle of the three jump conditions still did not show a positive relationship.  

Interestingly, all results using this comparison technique revealed a negative R value, 

suggesting a negative relation, opposite that proposed in our hypothesis.  Statistical 

reports revealed no significant findings for the High jump (R=-0.18, df=12, p=0.54, and 

the Max Jump R=-0.25, df=12, p=0.39) but a significant relationship for the Low jump 

condition (Low jump R=-0.54, df=12, p=0.04).  These results predict that in both males 

and females, participants with greater normalized quadriceps strength will exhibit less 

knee flexion upon landing impact compared with their weaker counterparts.  

 Combined Participants.  The combined analysis of the 20 degree condition also 

failed to reveal a positive relationship between knee flexion angle and quadriceps 

strength as depicted in Figures 11a, 11b and 11c.  

 

Figure 11a.  Combined participants’ landing knee angle correlated to normalized strength 
for the High jump condition. 
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Figure 11b.  Combined participants’ landing knee angle correlated to normalized strength 
for the Low jump condition. 

 

Figure 11c.  Combined participants’ landing knee angle correlated to normalized strength 
for the Max jump condition. 
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df=26, p=0.003).  Additionally, the High and Max jump condition relations were not 

statistically significant, (High jump R=-0.35, df=26, p=0.07 and Max jump R=-0.34, 

df=26, p=0.08).  
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CHAPTER V 

DISCUSSION 

 There are many documented contributing factors of ACL injury, such as 

anatomical, hormonal, neuromuscular and biomechanical.  However, only the 

biomechanical factors are easily modifiable.  Therefore, the current study examined 

participants’ quadriceps strength and landing biomechanics from three different jump 

conditions (High from 64cm, Low from 27cm and Max being from each participant’s 

maximum vertical jump height).   

 The major findings of the current study were that knee flexion angle at initial 

contact and peak quadriceps strength normalized to body weight at that knee angle were 

not positively correlated.  Nor was there a positive correlation between quadriceps 

strength at 20 degrees of knee flexion and knee angle at impact during landing.  

Therefore, we reject our hypothesis.  As seen by the graphs in Figures 4-11 and statistical 

analysis, none of the jump conditions for either of the analyses showed a positive 

relationship between knee angle and knee extension torque produced.  Conversely, we 

did observe a statistically significant negative relationship between knee flexion angle 

and strength at 20 degrees, in the low jump condition in female participants.  This finding 

prompted us to combine participants and repeat the analysis, again seeing no statistically 

significant relations. 
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 However, when not normalizing quadriceps torques to body weight, we did 

observe a positive visual trend between knee flexion angle and peak torque developed for 

both male and female participants (Figures 6a and 6b) although it was not statistically 

significant for male (p=0.14) or for female (p=0.21) participants.  Using the results of the 

non-normalized data for the male and female high jump condition, a post-hoc power 

analysis indicated we would require approximately 100  participants total to achieve a 

statistical power of 0 .80.  

 When looking at non-normalized torque data, we clearly see a subtle positive 

relationship between higher knee flexion angle and higher peak torque (Figures 6a and 

6b).  Conventional thinking would suggest that normalizing for body weight would 

strengthen the trend; however, that was not the case with our data.  Normalizing to body 

weight decreased the relationship.  It is possible that we are normalizing to the wrong 

variable.  We also tried normalizing to both weight and height, but the relationship 

became even weaker.   
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Figure 12. Correlation between participants’ weight and strength. 
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landing may also prove interesting.  Knowledge of the eccentric quadriceps torque 

capabilities at these more extended knee positions may also be useful.  

 As addressed briefly in the results section, the natural inverted U shape of the 

length-torque curve, participants who land with an extended knee will naturally 

demonstrate lower extrapolated strength values regardless of overall peak strength, due to 

the method in which we selected torque values.  Therefore, we decided to use one 

common knee flexion angle at which to acquire torque values for all of the participants.  

Several studies cited using 20 degrees and it is also a commonly cited angle for ACL 

injury (DeMorat et al., 2004; Domire et al., 2011; Li et al., 1999; Pandy & Shelburne, 

1997).  Subsequent analysis utilizing this 20 degree knee flexion angle for quadriceps 

torque, however, still did not reveal a statistically positive relation with knee flexion 

angle at impact, and even showed an inverse relationship than that of our hypothesis.  

Closer examination of our data set revealed another potential confounding error, in that 

the demand on the knee developed at 20 degrees of knee flexion is not as high as at 

deeper knee flexion angles.  Therefore it is not intuitive for stronger subjects to 

necessarily land with deeper knee flexion just because they could.  Several suggested 

modifications in methodology are presented, the most promising of which includes 

determining the knee angle at which peak torque is observed and utilizing strength values 

at that angle as well as determining possible contributions of passive elastic properties of 

the muscle within the range of motion following ground contact.  
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Limitations  

 This study was limited to a recreationally active population between the ages of 

18 and 30.  Participants were not highly skilled in jumping or jump landing which creates 

potentially a large variability in technique adopted for the tasks.   This study may have 

benefited from utilizing participants who are not trained at all, but would then likely incur 

large technique variability.  Alternatively, utilization of participants who are highly 

skilled where strength may dictate the technique and body control more than the current 

study participants.    

 Perhaps the recreationally active participants in our study all had adequate 

strength to handle the stress of all three jump conditions and decided to employ a 

metabolically efficient landing technique (extended knee/less knee flexion).  Also, by 

taking an average of three jumps out of at least five attempts an adaptation to jump height 

and its stress may have occurred causing participants to again, adopt an efficient landing 

technique.  This is also evident in that the relationship diminishes as the jump conditions 

differed from High to Low and to Max conditions.  As participants’ progressed from 

High to Low and to Max jump conditions, the relationship between knee flexion and 

quadriceps strength also diminished, suggesting a more efficient technique was adapted.  

Another possible effect-masking parameter is that participants may possess adequate 

strength, but still exhibit poor landing technique from habit.  Because we did not 

intervene or provide feedback in any way to the participants as they performed landings, 

the landing strategy they adapted would assumedly be based on previous experience. 
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 Even though we followed Vicon’s manual for marker placement, we may have 

encountered human error in marker placement.  To simplify and cut down on data 

collection time, we also assumed symmetry between left and right sides.  Additionally, 

even after being instructed to hop off of the platform with both feet, a number of 

participants still lead (stepped out) with one leg or the other, not necessarily their 

dominant leg, and clearly landed with one foot before the other which may have altered 

the initial contact knee angle we determined from the dominant limb.  Our conservative 

power analysis further indicated that we only needed 10 participants per group, however, 

our collected sample size of N=14 per group may still be lacking statistical power.   

Future Research  

 Future research is needed to investigate an appropriate normalizing factor for 

quadriceps torque data.  Additionally, as the strength at the 20 degree angle did not prove 

to be the limiting strength factor, future research should investigate where knee strength 

demands are highest on the knee extensors during jump landing (e.g. peak knee moment) 

and investigate the correlation between strength at this knee angle and landing 

kinematics.  

 It is also possible that strength should not have been the variable of interest, but 

perhaps muscle power capability.  It is not sufficient for a muscle to produce just high 

isometric strength, but also must do so at relevant velocities associated with jump 

landing.  
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 Another direction of future research could focus on recruiting non-active or 

sedentary participants, which would allow the examination of a broader range of 

quadriceps strengths and possibly allow for a clearer correlation.  Additionally, it could 

also make sense to limit our participant pool to athletes highly skilled at landing such as 

volleyball and basketball players.  In this trained population, it can be assumed that the 

movement has been practiced enough times to ensure that bad technique is not a 

confounding variable.  Therefore, making variables such as strength, and possibly others, 

become responsible for athletes’ chosen landing technique.  

Conclusion 

 In conclusion, this study investigated the relationship between knee flexion angle 

during landing and quadriceps strength.  Results of the study did not reveal a positive 

relationship between knee flexion angle and quadriceps strength when normalized to 

body weight, from three different jump conditions for either of our analyses.  However 

we have reasons to believe that a relationship does exist.  First, when examining raw non-

normalized strength data a clear positive trend is apparent.  However, given the 

variability, a substantial number of participants would need to be tested to detect 

significant findings.   Second, it would be expected that if a relationship between strength 

and knee angle truly existed, as demand on the knee extensors decreased with lower drop 

heights, the relationship between knee angle and strength should also diminish.   When 

comparing the data from the High conditions to the Low and Max, this relation was 

observed.   
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 Injuries of all kinds, including ACL tears, will continue to happen for many 

reasons amongst both male and female athletes, specifically because there is no way to 

eliminate slight perturbations and out of balance situations in all out or maximum effort 

competition.  This is particularly true with contact sports such as basketball, football, 

rugby, soccer and other sports (Krosshaug et al., 2007).   Because of the high monetary 

costs, lengthy rehabilitation process, psychological effects and early onset of arthritis in 

the injured joint, continuous research and the establishment of efficient and effective 

intervention programs are still needed.   

Practical Implications 

 Recent anatomical research by Hashemi et al. (2010a; 2008) suggests that pre-

activation of the quadriceps muscle group is beneficial to preventing anterior tibial 

translation and therefore can be viewed as a preventive measure.  While our hypothesis is 

in support of the Hashemi et al. (2010a; 2008) findings; results of the current study are 

inconclusive at best to suggest that higher quadriceps strength is positively correlated to 

higher knee flexion angle at initial impact with the ground when normalized to body 

weight.  Even though the results of our study are inconclusive, we still advocate for 

athletes, on any competitive level, to continue to improve and gain strength around all 

joints, including the knee extensors, in preventing ACL specific injuries. 
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APPENDIX 

Informed Consent 

 This research study is being conducted by Dr. Zac Domire 

(zachary.domire@ttu.edu; 806- 742-6284), Dmitry Okorokov (dmitry.okorokov@ttu.edu; 

703-338-0196) and Laura Pauwels (laura.lundin@ttu.edu) Texas Tech University.  If you 

have any questions about this study, please contact one of these individuals. 

Purpose of Study 

 This research study will examine healthy, young and recreationally active 

participants’ quadriceps strength and knee joint landing kinematics.    

 In order to participate in the study, you must be available to come into lab for 

testing lasting 1.5-2 hours, be between the ages of 18-30 and be regularly engaged in 

exercise at a moderate to high intensity level three or more days per week.  You will be 

excluded from the study if you currently are experiencing any of the following 

conditions; lower extremity orthopaedic or muscular injury; pain, tightness or pressure in 

the chest during any kind of physical activity; dizziness, lightheadedness or problems 

with vision; have had any lower body surgeries on the hip, knee, ankle, or foot in the last 

two years; any injuries, pain, stiffness or swelling that limits or prevents them from 

completing activities of their daily routine; continuously fall or experience repeated falls, 

feel unsteady or use an assistive device while standing or walking; have body mass index 

(BMI) greater than 30.  Researchers also reserve the right to exclude any participants 

deemed unfit or inappropriate for the study.  
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Procedures and Duration 

 When you arrive in lab we will take certain body measurements (age, height, 

weight, arm and leg lengths and widths) for data collection.  After taking all of the 

required measurements, the testing session will begin.  The testing session will consist of 

jumping from a two foot high fixed height platform and lower body strength testing.   

 Initially, we will place 15 reflective markers on your body (pelvis, legs and feet),  

and eight muscle activity sensors secured to your dominant leg/side buttock (gluteus), 

upper thigh and lower leg to monitor muscle activity of your gluteus, quadriceps, 

hamstring, calf and shin muscles.  After which, you will be instructed to hop from a two 

foot fixed height platform and land on two legs completely onto a force plate.  Force 

plates will be used to measure the underfoot forces you exert during the landing and six 

cameras will monitor and track the 15 reflective markers previously placed on your body.  

Should the markers become lose or invisible to the cameras or participant does not land 

on the force plate, trials will be repeated until three successful landing trials are collected.   

 After completing the jump landing portion of the testing session, you will be 

asked to perform maximum effort, muscular contraction strength at specific angles, 

speeds and range of motion of the hip, knee and ankle joints of both legs.  You will also 

be given one practice trial for each joint and be allowed to take as long a break as you 

need between each joint and the right and left side trials.  Data collection should take 

approximately 1.5-2 hours and only one visit to the laboratory is required.   
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Statement of Confidentiality  

 Your identification and data will be stored in the form of a number code, and not 

directly traceable back to you.  The cameras used in this research only show images of 

the markers, with no actual image of the subject stored.  Data and information collected 

during this study will be secured in the Biomechanics lab, and will be available only to 

the principal investigator and lab staff performing the study.  No identifying individual 

data will be presented without the additional explicit permission of the subject.   

Risks 

 No risks beyond those involved while participating in recreational sports or 

physical activity are expected during this study.  If this research project causes injury 

(physical, psychological, financial, etc.), Texas Tech University or the Student Health 

Service, may not be able to treat your injury.  You will have to pay for treatment from 

your own insurance.  The university does not have insurance to cover such injuries.  

More information about these matters may be obtained from Dr. Alice Young, Associate 

Vice President for Research Integrity, (806) 742-3905, Suite 103 Holden, Texas Tech 

University, Lubbock, Texas, 79409. 

Benefits 

 There are no direct benefits from participating in this study.  Participation in the 

study is voluntary and there is no penalty to refuse or stop your participation during 

testing.  While there is not a direct benefit to the participant, research and analysis of this 

study may lead to injury prevention interventions in the future.   
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Subject’s Rights 

 Dr. Domire, Dmitry Okorokov or Laura Pauwels will answer any questions you 

have about the study.  For questions about your rights as a subject or injuries caused by 

this research, contact the Texas Tech University Institutional Review Board for the 

Protection of Human subjects, Office of the Vice President for Research, Texas Tech 

University, Lubbock, Texas 79409 or call (806) 742-2064. 

 

This consent form is not valid after ____________________ (enter date of expiration) 

If you sign this sheet, it means that you read this form and that all of your questions have 

been answered. 

 

Signature of Subject: _________________________________   Date_______________ 

 

Signature of Project Director: __________________________   Date_______________ 

 

 


