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Abstraet

The purpose of the study was to determine whether providing video and verbal

feedback to female volleyball athletes completing a spike jump landing would

produce an immediate improvement in landing technique and whether that

change would be sustained over a four week period. A secondary purpose was

to determine if volleyball spike landing technique improved after one month of

volleyball participation without feedback. Nineteen subjects were filmed for the

study. The nine athletes in the control group were filmed completing three spike

jump landings at the beginning and again at the end of the four week study

period, with no feedback provided. The ten athletes in the intervention group

were filmed at the beginning of the study period, provided with feedback, and

filmed again immediately. Filming was repeated at the end of weeks two and

four. Twenty-four kinematic variables were measured using Dartfish analysis

software, with Microsoft Excel and Statistica being used for statistical analysis.

Paired t-testing demonstrated that the control group generally did not change

over time. One-way repeated measures (RM) ANOVA testing showed that right

knee flexion and ankle dorsiflexion within the intervention group changed over

the study period. Two-way RM ANOVA analysis demonstrated that trunk flexion

position was improved in the intervention group at the end of the study as

compared to the control group. Female adolescent volleyball athletes can

improve their jump landing biomechanics with feedback, and this technique

should be employed by coaches in order to decrease the risk of injury to their

athletes.

xi



Chapten å

Int¡'od uctlo¡l

GENERAL OVERVIEW

Female participation in sport has increased dramatically in the last three

decades. Enactment of the Canadian Charter of Rights and Freedoms in 1982

guaranteed that females would have the right to the same opportunities that only

males had received up until that point in time. Equal opporlunity has improved

everywhere from the business world to the sporting world, with females taking

paft in almost all sports that were once only the domain of males. As a result,

females are sustaining the same musculoskeletal injuries as males. One injury in

particular that has been found to occur more commonly in females participating

in sport is injury to the anterior cruciate ligament (ACL) of the knee. A recent

study suggests that females in sport suffer ACL injury 2-8 times more frequently

than male athletes (Hewett et al., 2005).

lnjury to this large stabilizing ligament has deleterious consequences, as

complete rupture of the ligament is common and requires reconstructive surgery.

After surgery, rehabilitation of nine months to a year is not unusualto return the

athlete to her sport. Even if the ligament is only partially torn or overstretched,

the injury usually results in loss of playing time, as well as pain and joint

instability for the athlete.

Because of the extreme physical, emotional and financial toll associated

with ACL injury, methods to decrease the incidence of ACL injury in the athletic

population and the female athlete population specifically has been a subject of



much study. Neuromuscular retraining, including jump landing training, has

shown great promise as a factor in ACL injury that can be modified. Up to this

point, there has been limited use of video combined with verbal feedback as a

tool used by coaches to teach their athletes how to avoid potential movement

patterns that put the ACL at risk. An easily accessed feedback tool, if shown to

be effective, would provide a cost effective, efficient method for coaches to use to

help their athletes prevent ACL injury.

AC¡. MECI.IANISM OF INJURY

The ACL is an intracapsular ligament extending from the medial tibial

plateau to the lateral femoral condyle. The role of the ACL is to prevent anterior

translation of the tibia on the femur (Moore, Dalley & Agur, 2010) and to stabilize

the knee during high energy movements such as running, jumping and cutting.

The ligament can be injured by both contact and non-contact mechanisms. A hit

from behind, forcing the tibia anteriorly on the femur, can injure the ACL, as can

a blow from the lateral aspect of the leg. Contact ACL injuries are much less

common than non-contact, comprising approximately 30% of all ACL injuries

(Withrow, Huston, Wojtys, & Ashton-Miller, 2006).

Non-contact mechanisms make up the remaining 70% of ACL injuries,

and usually involve planting a foot and pivoting, a sudden change of direction, or

landing from a jump. Figure 1 .1 shows the anatomical location of the ACL within

the knee joint. The ligament originates from the anterior intercondylar area of the

tibia and extends superiorly, posteriorly and laterally to attach to the posterior

part of the medial side of the lateral condyle of the femur (Moore et al., 2010).

2



Femur

Anterior cruciate
ligament

Figure 1.1 : Anterior view of the knee joint, showing the position of the ACL
between the femur and tibia.

Position of no return

Females are particularly at risk for ACL injury when competing in sports

that involve sudden deceleration, pivoting, cutting, and jumping movements

(lreland, 2002; silvers & Mandelbaum,2007). These activities are risky to

females because their movement patterns are such that they more commonly

experience the "position of no return" (lreland, 2002) (Figure 1.2).

3
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Figure 1.2: Position of no return. (Reprinted with permission from lreland, 1999).

The position of no return translates into a situation with minimal knee and

hip flexion and a valgus position of the knee. This position puts the ACL at risk

for a number of reasons. First of all, in a situation of less knee flexion, the medial

hamstring muscle group is not as effective in acting as an agonist to the ACL in

preventing anterior translation of the tibia (lreland, 2002; Moore et al., 2010).

This is due to the location of the orig¡n and insertion of the medial hamstring

muscles (ischial tuberosity to posteromedial tibia, respectively). Because the

lateral hamstring muscle, the biceps femoris, inserts on the head of the fibula,

this muscle is unable to assist in preventing anterior translation of the tibia.

ln a more flexed knee position, the hamstrings are able to produce

sufficient torque to have an agon¡stic function along with the ACL in prevent¡ng

anter¡or movement of the tibia on the femur (Silvers & Mandelbaum,2007). This

4



is due to the larger moment arm present when the knee is flexed (Figure 1.3a).

The moment arm, or perpendicular distance from the line of action of the

hamstrings to the knee joint upon which they act, is larger in a flexed position.

Since Torque = Force x Moment Arm, the torque will increase if the moment arm

increases. However, when the knee is in a more extended position, the moment

arm for the hamstrings is shortened, thereby decreasing the protective torque

that this muscle group can produce about the knee (Figure 1.3b).

Knee joint axis ¡
of rotation '/

Figure 1.3a: Sagittal close-up view of the moment arm for the hamstrings in a
flexed knee posiiion (dashed line between the axis of rotation and the line of
action for the hamstrings).

5



Femur

Knee joint
axis of rotatioñ+

Tibia-->

Figure l.3b: Sagittal close-up view of the moment arm for the hamstrings in a
more extended knee position. The moment arm is decreased in this situation
(dashed line between axis of rotation and line of action for the hamstrings).

lf the knee receives a blow to the posterior aspect of the tibia or if there is

a very strong quadriceps contraction in this extended knee position, the

hamstrings are unable to assist the ACL in preventing anterior translation, and

the ACL can be injured.

The second reason for ACL injury risk in the position of no return is the

valgus knee position. A recent study has shown that a position of knee valgus,

when combined with flexion and compressive loading of the knee, increases the

strain rate within the ACL, coming closer to its rupture point (Withrow et al.,

2006). Mclean, Su and Van Den Bogert (2004) found that sagittal plane forces

only were not sufficient to rupture the ACL, which requires approximately 2000

Newtons of force to tear. only with valgus loading did the ACL reach the

breaking point of 2000 N.



INCIDENCE AND EPIDEMIOLOGY OF KNEE INJURIES IN VOLLEYBALL

A very common sports movement that may produce non-contact ACL

injury is the jump landing. Volleyball is one sport where the skill of jumping is

integral to the game. Every athlete must jump numerous times in a game in

order to play effectively and therefore needs to be able to land successfully and

safelyfrom a jump. Ferretti, Papandrea, Conteduca, and Mariani (1992) reported

that knee ligament injuries occurred more often to females in volleyball than to

males, with 81% of the injuries involving women. These authors also found that

nearly all injuries sustained during participation in volleyball occurred while

jumping, with more injuries occurring during landing than the take-off and

airborne phases combined. Agel, Palmieri-Smith, Dick, Wojtys, and Marshall

(2007) found the majority of injuries occurred while the player was in the front

row, where jumping for offensive spikes and defensive blocks takes place.

Agel and colleagues (2007) found that 14.1% of all knee injuries among

female volleyball players in the National Collegiate Athletic Association (NCAA)

involved an internal derangement. of those, 26.3o/o were ACL injuries.

Majewski, Habelt and Steinbruck (2006) found a higher incidence of ACL injuries

in volleyball, at 60% of all internal knee injuries. Clearly, the risk for injury to the

ACL in volleyball is real and preventative methods should be explored and put in

place.

ACL PREVENTION STRATEGIES

There has been increased interest recently in studying ACL injury

prevention strategies, as researchers aim to affect those risk factors for injury

that are modifiable. Prevention program effectiveness has been demonstrated



with numerous authors finding that neuromuscular retraining programs decrease

the incidence of ACL injury (Mandelbaum et al., 2005; Myklebust, Engebretsen,

Braekken, skjolberg, & olsen 2003; Petersen et al., 2005) as well as improve the

biomechanics of executing a jump landing (chappell & Limpisvasti, 2008; Myer,

Ford, Palumbo, & Hewett,2005; Pollard, Sigward, Ota, Langford, & Powers,

2006). These programs involved a variety of methods, including plyometrics,

resistance training, balance exercises and specific jump landing training.

Studies have also shown that instruction regarding the proper way to land

from a jump can have a significant effect on the vertical ground reaction forces of

an athlete post-intervention (Cronin, Bressel & Finn, 2008; McNair, Prapavessis

& Callender, 2000; Onate, Guskiewicz & Sullivan,2001; Prapavessis & McNair,

1999). lncreased vertical ground reaction forces have been correlated with a

decreased knee flexion angle upon landing (Hewett et al, 2005), suggesting that

lower extremity landing kinetics and kinematics are linked. However, only one of

these studies examined athletes performing jump landings in a real life

environment (Cronin et al., 2008). Most have been done in a laboratory setting

(McNair et al., 2000; Onate et al., 2001; Prapavessis & McNair, l ggg). Landing

from executing a spike in volleyball is much different than stepping off a platform

and landing on a force plate. The athlete must be thinking about the whole skill,

including the spike approach, the jump, contacting the ball strongly and

effectively and also the landing. By examining what could be altered in a

practical scenario, the current study was more realistic regarding the extent to

8



which landing biomechanics can be altered in adolescent female volleyball

players.

LANDING TECHNIQUE

Little description exists in the literature specifically describing proper

landing technique from a spike jump during volleyball play, probably due to the

fact that the main concern for coaches and even the athletes themselves is the

contact with the ball. After contact, nothing can be done to alter the accuracy or

velocity of the spike. However, the landing is extremely important when

considering the risk of injury, especially in females.

ln ten international volleyball players, Coleman, Benham and Northcott

(1993) found that each one of them landed on their left foot first and then planted

their right foot. This may be due to the inherent variability within the location of

the set to the hitter. lt may not be desirable to always land on two feet, which

prevents an off balance position in the air that may be necessary because of the

timing or location of the ball from the setter (Selinger & Ackermann-Blount,

1985). However, a one foot landing may predispose athletes to injury, as the

force of landing needs to be absorbed by that one leg. Adrian and Laughlin

(1983) reported that landing from a spike jump on one leg produces a vertical

ground reaction force equal to 4.8 to 6.0 times bodyweight. This is more than the

ground reaction force experienced by each leg during a two foot landing.

Blackburn & Padua (2009) looked at 40 university aged athletes landing from a

jump, with one foot landing on a force plate. The authors found that the athletes

in their study landed with a ground reaction force of approximately 4 times

bodyweight on each leg. An additional study (Salci et al., 2004) found similar



values, with their university athletes landing with ground reaction forces between

three and five times bodyweight. The subjects in this study also landed from a

drop jump with one foot on a force plate.

Coleman et al. (1993) suggested that increased chance of injury may

occur due to landing on the left foot first, which is generally a right handed

athlete's weaker leg. Biomechanically, it would be advantageous to land on both

feet simultaneously, as the force required to decelerate the landing can be

distributed over the musculature and joints of both lower extremities. The forces

produced to absorb the landing would be doubled in the case of an athlete

landing on only one foot.

Jump landing investigative methods

There have been a few different methods of investigating the

biomechanics of jump landings in a controlled setting. Most studies have

examined subjects executing a jump landing by dropping from a pre-determined

height onto a force platform with or without subsequently performing a vertical

jump (Blackburn & Padua, 2008; Chappell & Limpisvasti, 2008; Decker, Torry,

Wyland, Sterett & Steadman, 2003; Devita & Skelly, 1991; Ford, Myer, Smith,

Vianello, Seiwerl & Hewett, 2006; Hewett, Myer, Ford & Slauterbeck, 2006;

Huston, Viberl, Ashton-Miller & Wojtys, 2001; Kovacs, Tihanyi, Devita, Racz,

Barrier & Horlobagyi, 1999; McNair et al., 2000; Mizner, Kawaguchi &

Chmielewski, 2008; Pollard et al., 2006; Prapavessis & McNair, 1999; Salci,

Kentel, Heycan, Akin & Korkusuz, 2004; Schmitz, Kulas, Perrin, Riemann &

Shultz, 2007) (Figure 1.4).
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Figure 1.4: Execution of a drop jump landing with subsequent vertical jump.

Alternatively, Onate et al., (2001) and Onate, Guskiewicz, Marshall,

Giuliani, Yu & Garrett (2005) employed a Vertec apparatus

(http://www.vertec.co.uk) which is a jump testing implement used to evaluate the

height of a jump (Figure 1.5). These investigations, as in the studies using a

drop jump, utilized a force plate directly below the Vertec in order to capture the

veftical ground reaction forces that were produced during the skill. Vertical

ground reaction forces are particularly of interest to researchers, as increased

veñical ground reaction forces have been linked to an increased risk of ACL

injury (Hewett et al., 2005).
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Figure 1.5: Vertec vertical jump testing implement.

The subject jumped straight up as high as possible and landed straight down in

the same position from which she took off. This enabled the researchers to

determine the forces required by the body to perform the landing from this jump,

as well as the kinematics of the lower body during the skill.

One research group (Kernozek, Torry, Van Hoof, Cowley, & Tanner, 2005)

used an adjustable hang bar suspended directly over the force plate. The

subject would hang from the bar and drop onto the force plate to generate

vertical ground reaction force data for the landing. These researchers felt that

data collected via this method was more reliable than using the traditional drop

jump technique.

The disadvantage of studying jump landings using the previously

described simulations is that they have been administered in a controlled

laboratory setting, in which the athlete is not undertaking any of the skills of a real

life complex game situation, such as shooting a basketball or spiking a volleyball.
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Only one study used a real life situation of an athlete actually completing a full

volleyball spike approach, hitting a tossed volleyball, and landing on a force

platform (Cronin et al., 2008). This suggests that there is a gap in the literature

describing investigations involving competitive sport situations. Until ACL

prevention programs are demonstrated to improve movement biomechanics in

situations the athlete encounters on a daily basis in practices and games, their

efficacy will be questioned.

Variables commonly measured during jump landing studies
Researchers have studied numerous variables, both kinematic and kinetic,

during their investigations into jump landing biomechanics. Many researchers

have used initial and peak hip, knee and ankle flexion angles to identify sagittal

plane kinematics (Blackburn & Padua, 2008; Chappell & Limpisvasti, 2008;

Decker et al., 2003; Mizner et al., 2008; Pollard et al., 2006; Salci et al.,2004;

Schmitz et al., 2007). Some have used peak hip adduction, hip internal rotation,

knee valgus and ankle eversion to investigate coronal plane movements

(Blackburn & Padua, 2008; Chappell & Limpisvasti, 2008; Ford et al., 200G;

Mizner et al., 2008; Pollard et al., 2006). As far as the present investigator is

aware, Blackburn and Padua (2008) are the only authors to measure trunk

flexion during the jump landing, while Chappell and Limpisvasti (2008) are the

only authors to investigate maximum lateral and fon¡rard pelvic tilt, as well as

pelvic tilt at initial ground contact.

Angular velocities of the hip, knee and ankle have been investigated by

one study (Decker et al., 2003), while landing time has been described by a
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number of studies (Chappell & Limpisvasti, 2008; Hewett et al,, 2005; Mizner et

al., 2008; Schmitz et al., 2007).

Peak vertical ground reaction forces have often been used in investigative

studies to describe the characteristics of the jump landing (Chappell &

Limpisvasti, 2008; McNair et al., 2000; Mizner et al., 2008; Prapavessis &

McNair, 1999; Schmitz et al., 2007), as increased vertical ground reaction forces

have been linked to ACL injury (Hewett et al., 2005).

Kinetic variables have been used extensively to identify the forces

involved in completing a jump landing. Pollard et al. (2006) studied hip external

rotation, abduction and flexion moments, as well as knee external rotation,

valgus and flexion moments. These variables, as well as ankle dorsiflexion and

eversion moments, were also measured by Mizner and colleagues (2008). Peak

hip and knee extension moments and plantarflexion moments were analyzed by

Salci and colleagues (2004) to contribute to the description of the jump landing.

One aspect of the jump landing that has been largely ignored in the

literature is the involvement of the arms. ln terms of anterior cruciate ligament

injury prevention, the arms have the potentialto significantly decrease ground

reaction forces (see page 62), but up to this point, this topic has not been

investigated.

Gender differences in landing technique

There are many differences in regard to the technique of jump landings

between female versus male athletes. Figure 1.6 demonstrates the tendency for

females to land with less hip and knee flexion, less ankle dorsiflexion and more

knee valgus. Females also exhibit increased hip adduction and internal rotation
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(Decker et al., 2003) and less trunk flexion on average than males. This

resembles the "position of no return", as discussed earlier (lreland, 1999) that

puts the ACL at risk for injury. ln a position of less knee flexion, the strain to the

ACL is increased (Decker et al., 2003). As discussed in Figure 1.4, the moment

arm for the hamstrings in a more extended knee position is shofter, which

decreases the amount of torque the muscles can produce to prevent anterior

translation of the tibia. Lacking the protective function of the hamstrings, the ACL

is at an increased risk for injury in a more extended position.

Females also tend to use less hamstring recruitment and more quadriceps

contraction during the jump landing (Hewett et al., 2005). As the quadriceps

contract and pull the tibia anteriorly on the femur, an injury to the ACL can occur

if the hamstrings have insufficient strength to assist in the prevention of this

movement. Females also land with more foot pronation than males (Kernozek et

al., 2005) which again leads the athlete into the position of no return.
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Figure 1.6: Gender differences in movement patterns when landing from a drop
jump (top-male; bottom-female).

Safer landing technique

Clearly a difference exists between males and females in terms of how

they land from a jump. Considering that this is an extremely important part of the

game of volleyball, exploring ways to change this movement strategy to a safer

technique is valuable. lreland (1999) suggests that a safer landing strategy

would incorporate increased knee flexion at initial ground contact of the landing,

and keeping the leg in a neutral position, with hips over knees and knees over

toes (Figure 1.6 A-C). Athletes should avoid hip internal rotation and adduction
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which contributes to knee valgus as well as tibial external rotation and foot

pronation (Figure 1.6 D-F). Silvers and Mandelbaum (2007) agreed with these

recommendations, but also suggested landing initially on the forefoot and rolling

back to the rearfoot as an imporlant component of safe landing technique.

PURPOSE OF THE STUDY

The purpose of the present study was to examine whether spike jump

landing mechanics in adolescent female volleyball players could be improved

during a single practice session using video and verbalfeedback and whether

that change could be sustained over a four week period. A secondary purpose

was to determine if volleyball spike landing technique improved during the course

of regular team practices, without jump landing training intervention.

!-IYPOTHESES

'l ) Verbal and video feedback regarding landing biomechanics from a

volleyball spike jump would cause an improvement in landing

biomechanics during a single practice session.

2) Verbal and video feedback regarding landing biomechanics from a

volleyball spike jump would cause a sustained change in landing

biomechanics after a four week time period. However, this change

would be less significant than the immediate changes.

RATIONALE FOR TI.IE STUDY

lncreased incidence of ACL injuries in female athletes

ACL injuries in females have reached epidemic proportions, with the

associated financial, emotional and physical costs to the athletes involved. Since

the adoption of Title lX in 1972, male parlicipation in high school level sports in
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the United States has increased by about 3%, while female participation has

doubled every ten years (Hewett et al., 2005). This huge growth in women's

sport has led to an increased incidence of musculoskeletal injury in females, and

in ACL injuries in particular. Approximately 38 000 ACL injuries to female

pafticipants occur in the United States annually (Hewett et al., 2005).

The overall incidence of ACL reconstruction surgery has been found to be

between 34 and B1 per 100 000 people (Renstrom, Ljungqvist, Arendt, Beynnon,

Fukubayashi, Garrett et al., 2008). However, this incidence drastically increases

when only the physically active population is considered (Renstrom et al., 2008).

These numbers underestimate the occurrence of ACL injury, as only those

injuries that are severe enough to warrant reconstructive surgery are included.

When first and second degree sprains to the ligament are considered along with

third degree ruptures, the overall incidence of ACL injury in female athletes is

much higher.

Financial costs of AGL injury

The monetary costs associated with ACL injury, especially third degree

rupture, are considerable. Surgical costs are very high, including physician and

nursing wages, operating room time, and anesthesia and other drugs. Hewett

and colleagues (2005) report that the average cost of an ACL injury in the United

States is $17 000. Rehabilitation for ACL reconstruction surgery is intensive and

can last from nine months to one year before the athlete can return to her usual

sport. As well, expensive knee braces, costing as much as $1000 may be

required, both immediately after surgery for stability as well as when the athlete

returns to the field of play.
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Physical health costs of ACL injury

The physical health costs to the athlete are significant as well. An ACL

injury is truly debilitating, with most athletes experiencing periods of "giving way"

when weightbearing, even after reconstructive surgery. lnitially the injury may

not be very painful with a complete rupture of the ligament, as all the nociceptors

have been interrupted along with the ligamentous tissue, preventing pain signals

from reaching the brain. However, when inflammation and swelling start to

occur, the pain can be intense. The swelling is usually quite significant,

preventing full flexion or extension of the knee joint. This severely limits the

mobility of the athlete, which has detrimental side effects including decreased

fitness levels and well-being.

Muscle atrophy commences wiihin twenty-four hours, not onry in the

muscles immediately surrounding the knee, but also in any other muscle groups

in the body that are not being utilized. Cardiovascular deconditioning also

occurs, as the athlete is unable to move enough to elevate her heart rate to a

training level. All the associated benefits of being active and involved in sport

come to a halt, as the athlete waits for surgery and subsequent rehabilitation to

begin.

Emotional health costs of AGL injury
Besides the physical toll on the athlete, an ACL injury can be a

devastating emotional blow to an athlete. lt is most often a season ending injury,

and leads to early retirement from sport (Myklebust & Bahr, 2005). For an

athlete in the prime of her competition cycle, or for an athlete on a full scholarship

to a university because of her athletic ability, the emotional consequences of
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being unable to participate and truly be a part of the team are significant. This is

an often overlooked result of severe athletic injury, but it should not be

considered unimportant.

A need for preventative programs at an early age

lf a conditioning program or specific coaching advice can help prevent

ACL injuries in female adolescent athletes, it is clear that this would be beneficial

to the athlete, the coach and team, and the health care system. Modifying

neuromuscular movement patterns is evolving as one of the most promising

means of decreasing the chance of ACL injuries in all athletes (Renstrom et al.,

2008). By educating athletes on how they move and how they can alter those

movements to decrease injury while not sacrificing performance, athletes can be

prepared for a lifetime of injury free parlicipation.

It has been found that boys and girls land from a jump in a similar pattern

until age 12, after which females begin to land with progressively less knee

flexion up until age 16 (Renstrom et al., 2008). The observable difference in ACL

injury rates between genders begins at about age 12, around the time females

begin puberty (Shea, Pfeiffer, Wang, Curtin &Apel, 2004). lf these young

athletes can be trained and educated from the beginning of their athletic careers,

before they start establishing poor neuromuscular control patterns, the majority of

ACL injuries might well be avoided.

A need for effective, efficient ACL injury prevention techniques

A decrease in the incidence of ACL injury has been found with the

implementation of neuromuscular retraining programs among athletes

(Mandelbaum et a|.,2005; Myklebust et al., 2003; Petersen et al., 2005). A key
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component of the programs was the inclusion of jump landing technique

education. The education stressed landing with deeper knee and hip flexion as

well as trying to land softly as opposed to landing with flat feet. These programs

caused change in the athletes via long term neuromuscular adaptation, over the

course of at least one competitive season, which is not always convenient or

realistic for middle school aged teams with limited budgets and schedules.

Many studies have also been conducted looking at the immediate effect of

jump landing technique education (cronin et al., 2008; McNair et al., 2000; onate

et al., 2001; Prapavessis & McNair, 1999). These studies involved re-evaluating

the landing biomechanics of athletes during the same session, after some type of

feedback describing how to improve their landing technique. Obviously the

changes observed by the researchers were not a result of long term

neuromuscular adaptation, but rather short term changes in the neuromuscular

patterning of the movements.

No studies were located that have looked at the longer term effects of

instructing volleyball athletes on proper landing technique using video and verbal

feedback. The longest study done to date re-evaluated recreational athletes

from many sports one week after the initial feedback session and found that the

athletes maintained the biomechanics they learned during the initial intervention

session (Onate et al., 2001). The current study attempted to determine whether

the skills learned during one session of verbal and video feedback were evident

immediately, as well as four weeks post-intervention. ln terms of the existing
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literature this constitutes a long term study, however it does not endeavor to

measure a permanent change in performance.

LIMITATIONS

1) fne subjects for this study were female volleyball athletes from two

private schools. This limited the ability to generalize the findings of the

study to other populations, including athletes competing in sports other

than volleyball.

2) Subjects were 12 to 14 years of age. Results may not be extrapolated

to female volleyball players of other ages.

3) fnis study included only female volleyball players. Results may not be

generalized to male volleyball players.

4) Sample size in this study was small, increasing the chance that

differences between subjects were a result of intersubject variability

rather than actual change due to visual or verbal feedback
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DEFINITION OF TERMS

Afferent Input: Sensory nerve information traveling from the periphery of the

body to the central nervous system (Moore et al., 2010).

Agonist: A role played by a muscle, tendon or ligament acting to cause a

movement of a body segment at a joint; the structure is acting as a mover

(Hall, 2007).

Antagonlst: A role played by a muscle, tendon or ligament acting to slow or stop

a movement of a body segment at a joint; the structure is acting as an

opposer (Hall, 2007).

Femoral Torsion: The angle as measured between the long axis of the femoral

neck and a line through the femoral condyles, when the femur is viewed

from above. See Figure 1.7.
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Figure 1.7: Superior view of the left femur illustrating femoral torsion.
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Ground Reaction Force: The force exerted upwards by the ground in response

to a force applied down upon it. The ground reaction force is of equal

magnitude but in the opposite direction to the applied force (Hall, 2007).

lnternal Derangement: Disorder of the knee due to a torn meniscus, or a partial

or complete cruciate rupture, with or without injury to the capsular ligament

of the knee (Veteran's Affairs, Canada, retrieved on July 21, 2008 from

www.vac- acc.gc.calclients/sub. cfm?sou rce=d ispen/elg uide/internald).

Kinematics: The description of motion, including the form, pattern or sequencing

of movement with respect to time (Hall, 2007).

Kinetics: The study of the action of forces associated with motion (Hall, 2007).

Long Term: For the purposes of this study, refers to a timeframe of more than

one week.

Mechanism of lnjury: The source of forces that produce mechanical

deformations and physiologic responses that causes an anatomic lesion

or functional change in humans (Retrieved on August 6, 2008 from

www. n htsa. dot. g ov/P EO P LE/i nj u ry/ems/emstrau masystem 03/g lossa

ry.htm).

Moment: The rotary effect caused by an application of force; also known as

torque (Hall, 2007).

Moment Arm: The perpendicular distance between the line of force and the axis

of rotation (Hall, 2007). ln the human body, it is the distance between the

line of muscle pull and the axis through the joint.
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Nociceptors: Nerve receptors whose stimulation gives rise to pain (Vander,

Sherman & Luciano, 2003).

Position of No Return: A pathological anatomical position proposed by Mary

Lloyd lreland (1999), related to an increase in frequency of ACL injury in

females. lt consists of a pronated foot, valgus knee, externally rotated

tibia, internally rotated and adducted femur, and extended knee. She also

suggested that a flexed trunk contributes to this potentially dangerous

position, but another study disagreed (Blackburn & Padua, 2008). See

Figure 1.8.

Figure 1.8: Position of no return as suggested by lreland (1ggg).

Q-angle: The angle as measured between a line joining the anterior superior iliac

spine with the midpoint of the patella and a line joining the midpoint of the patella

and the tibial tuberosity. (Magee, 1997) (Figure 1.9).
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Anterior superior
iliac spine

Q-angle

Figure 1.9: Q-angle of the lower extremity.

Sagittal Plane: One of three planes of the body, dividing the body veftically into

left and right halves, in which fonruard and backward movements of body

segments occur (Hall, 2007).

Short Term: For the purposes of this study, refers to a timeframe of less than

or equal to one week.

Spike Approach: A three or four step sequence taken by a volleyball athlete as

she approaches the net in preparation for a spike. Usually a left-right-left

pattern for a right handed hitter (Retrieved August 7, 2008 from

www.strength-and-power-for-volleyball. com/volleyball-spike. htm l).
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Sprain: Stretching and/or tearing of ligamentous tissue. Sprains are generally

classified into three grades. Grade I consists of an overstretching of the

ligament. Grade ll involves some ligamentfibers tearing. Grade lll

denotes a complete tear of the structure (Arnheim & Prentice,2002).

Valgus Knee: Deviation of the tibia away from the midline in the anatomical

position. Thus, a valgus knee occurs when the lower leg is angled away

from the midline (also known as "knock-kneed" or "genu valgum). By

convention any deformity, or deviation, is described in terms of the

movement of the distal part. See Figure 1 .10.

Ìffi"/

Figure 1.10: Comparison of a valgus knee position (left) versus normal
alignment.
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Ghapter lE

l-lterature Flevlew

To establish a background for this study, a comprehensive review of

literature on ACL injuries, specifically looking at non-contact mechanisms and

biomechanical factors that may contribute to injury, was completed. The

components and effectiveness of ACL injury prevention programs was also

reviewed. Some background information describing the prevalence of ACL injury

in the sport of volleyball has also been included to demonstrate the relevance of

this study. The review of literature also includes the effect of video and verbal

feedback on skill development and skill learning

INCIDENCE OF INJURY IN VOLLEYBALL

Overall injury rates

Volleyball is a hugely popular spori worldwide, with estimates of about 150

million pafticipants in more than 200 countries taking part in the sport (Bahr &

Bahr, 1997). Due to the nature of the game, with the net dividing the two teams,

the majority of injuries are non-contact in nature. Different authors have found

varying injury rates in volleyball. Schafle, Requa, Patton, & Garrick (1990) found

an overall injury rate of 2.3 injuries per 1000 player hours during competition.

Bahr & Bahr (1997) found a slightly increased rate, at 3.5 injuries per 1000 player

hours in competition. One Danish studyfound an incidence of 5.7 per 1000

player hours during games (Yde & Nielsen, 1988). lnjury rates during practice

have been found to be about 2 injuries per 1000 hours of participation (Schmidt-

Olsen & Jorgensen, '1987; Yde & Nielsen, 1988). Bahr & Bahr (1997) found a

slightly lower probability of injury at 1.5 per 1000 hours of participation. To
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compare these numbers to other common sports, basketball has been found to

have an average injury rate of 2.7 per 1000 hours of participation, team handball

has recorded a rate of 8.3, and ice hockey a rate of 1.4 during practice and 78.4

during games (Colliander, Eriksson, Heckel & Skoeld, 1986; Jorgenson , 1984;

Lorentzon, Wedren, & Pietela, 1988). Volleyball, therefore, can be considered

about equalto basketball in terms of injury and of lesser risk than either hockey

or handball.

Incidence of knee injury in volleyball

Bahr & Bahr's study (1997) found a relatively low incidence of knee injury

in volleyball, at only 0.1 per 1000 hours, or 87o of all injuries. Agel et al., (2007)

reported higher injury incidence, with knee internal derangements comprising

141% of all game injuries and 7 .8o/o of all practice injuries in women's volleyball

in the NCAA from 1988-2004. Of those, 26.3o/o were found to be ACL injuries.

Majewski et al., (2006) found in their study that the highest risk for ACL injury

occurred in volleyball and team handball.

Similar to other sports, women are found to have a much increased

chance of knee injury and specifically ACL injury in volleyball than males.

Ferretti et al., (1992) found that B1% of the volleyball players that underwent ACL

reconstructive surgery at a particular hospital in Rome were female. They state

that volleyball should be considered a high risk sport in terms of knee injury, as

the preponderance of jumping puts athletes at risk and this activity has been

shown to cause the majority of ACL injuries. Sixteen percent of knee injuries in

female volleyball players in the Swiss National Youth and Sports Organization

were found to be ACL injuries as opposed to eleven percent of knee injuries in

29



males (de Loes, Dahlstedt, & Thomee, 2000). This was the second highest

female to male ratio found in the study, behind gymnastics. Many other sporls in

the study had higher absolute numbers of ACL injuries, but the ratio between

men and women was not as high. This suggests that females are at a

significantly increased risk of ACL injury compared to males if they engage in the

sport of volleyball. Rauh, Macera & Wiksten (2007) suggested that not only are

new ACL injuries in volleyball a risk, but that female volleyball athletes are at a

significantly increased risk of subsequent ACL injuries as compared to other

sports.

EPIDEMIOLOGY OF INJURY IhI VOLLEYBALL

Game versus practice and court position affects the risk of ACL injury

Sprains are the most common injury in volleyball, with approximately 65%

of all injuries being recorded of this type (Bahr & Bahr, 1997). Bahr and Bahr

(1997) found that more of these sprains occurred during a game situation than

during practice. This was only true for male players, however, and not females.

An increased chance of injury during games versus practice was found for

females and males alike by Ferretti and colleagues (1992). Playing in an

offensive position (front row) versus a defensive position (back row) on the court

also seems to increase the chance of injury (Ferretti et al., 1ggz).Agel et al.,

(2007) agreed that the majority (67.3%) of injuries to volleyball players occurred

to athletes playing in the front row.

Type of volleyball skill attempted affects the risk of ACL injury

Bahr & Bahr (1997) found that most of the injuries sustained during

participation in volleyball occurred during take-off or landing from a jump or
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during the actual spiking motion. Gerberich, Luhmann, Finke, Priest and Beard

(1987) determined that 63% of all injuries including 61% of all knee injuries in

volleyball occurred during jumping, landing and twisting on impact. ln a study by

Ferretti et al., (1992), 48 of 52 volleyball athletes who suffered an ACL rupture

identified the injury as occurring during a phase of jumping. Thitty-eight of these

injuries occurred during the landing phase, and seven during the takeoff. The

three others believed their injury had occurred during the airborne phase.

NON.CONTACT MECHANISM OF INJURY TO THE ACL

lnjury to the ACL has been subdivided into contact and non-contact

etiologies. Non-contact causes are by far more common, with approximately

70% of all ACL injuries falling in that category (Silvers & Mandelbaum, 2007).

The mechanisms that cause the non-contact ACL injury most often involve a

sudden deceleration, a rapid change of direction, cutting maneuvers, or landing

from a jump (Silvers & Mandelbaum,2007). During these movements,

particularly in females, the lower extremity enters the "position of no return"

(lreland, 1999). The foot is planted and pronated, the tibia is externally rotated

and the knee is in minimal flexion. The hip is internally rotated and adducted. lf

the athlete then attempts to change direction, the result is increased tension on

the ACL and risk of injury.

Anatomical factors contributing to non-contact ACL injury

Many factors have been suggested as reasons why females are more

susceptible than males to the position of no return, including differences in

anatomy. Females are thought to have increased femoral anteversion, an

increased Q-angle and more tibial torsion compared to males (Silvers &
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Mandelbaum, 2007). Femoral torsion is the angle between the long axis of the

femoral neck and a line through the femoral condyles, when the femur is viewed

from above. When this angle is increased by the femoral neck being situated in

a more fon¡uard position, it is termed femoral anteversion (Figure 2.1). Femoral

anteversion causes the hip joint to sit in an internally rotated position as its

"neutral" position. To compensate for this internally rotated femur, the tibia must

be externally rotated in order for the female's foot to point in a fonruard direction

for locomotion.

Antevêrs¡on:
increased angle

Figure 2.1: Femoral torsion of the left femur (left); and the effects of right femoral
anteversion on the right lower extremity (right).

The Q-angle, or Quadriceps angle, is the angle between a line joining the

anterior superior iliac spine of the pelvis with the midpoint of the patella and a line

joining the center of the patella with the tibial tuberosity (Figure 2.2).
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Figure 2.2: Diagram of the Q-angle.

An increased Q-angle in females is related to an increased valgus angle at

the knee, which is generally ihought to put the ACL at risk. However,

researchers have not found a definitive link between any anatomical factors and

increased ACL injury as of yet (Schultz, Nguyen & Beynnon,2007). lt is agreed,

however, that anatomical factors are part of the equation, and must be

considered in a dynamic context.

Neuromuscular control issues contributing to non-contact AGL injury
Recently, much attention has been given to the neuromuscular factors that

contribute to ACL injury in females. This is the one area of ACL research that

has offered some concrete proof that the risk of ACL injury can be decreased by

intervention. Neuromuscular control of the knee involves the unconscious ability

of the body to sense knee position and movement, and react accordingly in

response to an external or internal perturbation to maintain stability of the
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structure. This reaction comes through the muscular attachments surrounding

the knee.

The signals that travel from the knee to the central nervous system to elicit

a coordinated response can be of two types; feedback or feedfonvard. Feedback

mechanisms work in a reflexive manner. They work in response to afferent input

from the various proprioceptors about the knee, and are therefore slower to

respond (Silvers & Mandelbaum, 2007). Feedfonvard mechanisms "are a result

of preactivated preparatory activation of muscle" (Silvers & Mandelbaum, p. i55).

This mechanism senses the body's position before the force is applied, preparing

the joints to best receive the perturbation. lt is a preventative strategy that uses

proper biomechanics and positioning prior to a potentially injurious situation.

This feedforward mechanism is being manipulated during neuromuscular training

programs undertaken by teams and athletes to decease their injury risk.

Hip abduction strenqth

Not only is muscular control important around the knee, but recent studies

have begun to uncover the essential role of more proximal muscles as well. The

muscles of the hip, and specifically the hip abductors, are crucial in determining

the position of the lower extremity during activity (Leetun, lreland, Willson,

Ballantyne & McClay Davis, 2004; Myer, Brent, Ford & Hewett, 2008; Myer, Chu,

Brent & Hewett, 2008; Willson, lreland & Davis, 2006). The hip abductors

include gluteus minimus and gluteus medius (Moore et al., 2010). These

muscles act to stabilize the pelvis and prevent the lower extremity from moving

into hip adduction when it is in single leg supporl (Leetun et al., 2004). Hip
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adduction has been suggested by lreland (1999) to be partof the "position of no

return" mechanism of injury to the ACL. lt follows that strong hip abductor

muscles would be of benefit in the avoidance of ACL injury.

Decreased hip abductor muscle strength has previously been identified in

females as compared to males (cahalan, Johnson, Liu & chao, 198g; Leetun et

a|.,2004; willson et al., 2006). other authors (Brent, Myer, Ford & Hewett, 2008)

found that male athletes increased their relative hip abduction strength at a

significantly greater rate than female athletes as they progressed through

puberty. This decrease in strength in females can have a number of negative

consequences. Willson et al., (2006) found that a lack of hip abduction strength

was directly correlated to an increase in knee valgus angle in a group of 46 male

and female university athletes performing a single leg squat. lncreased knee

valgus angle is another factor suggested by lreland (1999) as being part of the

"position of no return" which puts the athlete at risk for ACL injury. Knee valgus

and its influence on ACL injury risk is discussed in more detail on page 43.

As well, Leetun et al., (2004) found that injury was more likely to occur in

athletes who displayed weak hip abduction in pre-season testing. The study

involved 139 university aged male and female athletes. Their hip abduction

strength was measured isometrically within the first two weeks of the competitive

athletic season and their injury history was followed over one competitive

season. Females suffered more than double the number of injuries in this study

as compared to the male subjects. There was one ACL injury during the course

of this study, and it involved a female athlete. She displayed a significant
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deficiency in hip abduction strength (23o/o of bodyweight) compared to both the

injured (28.9o/o of bodyweight) and uninjured female athletes (294% of

bodyweight).

Testing for hip abduction strength can be done relatively easily, with little

training. A common test used in the clinical setting is the Trendelenburg test

(Prentice, 2009). The test is conducted by asking the athlete to stand on one

leg. The person conducting the test stands directly behind the athlete. lf the

non-stance hip drops downward, this indicates a weak gluteus medius muscle on

the stance leg (Figure 2.3).

Figure 2.3: Negative Trendelenburg test on the left; positive Trendelenburg test
on the right, indicating weak hip abductor muscles on the left leg.

Muscle activation patterns

The hamstring and quadriceps are the main muscle groups that exert

influence over the knee joint. The three hamstring muscles cross the knee

posteriorly. Two insert on the medial tibia and one insefts on the fibula. The four
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quadr¡ceps muscles cross the knee joint anteriorly via the patellar tendon, which

inserts on the tibial tuberosity on the anterior aspect of the tibia (Moore et al.,

2010). Simultaneous contraction of the hamstring and quadriceps muscle groups

serves to increase knee joint stiffness and stability by increasing tibiofemoral joint

compression (Markolf et al., 1978). This guards the knee joint against excessive

anterior translation. The ACL is stressed with abnormal anterior movement of

the tibia on the femur, and therefore co-contraction of the thigh muscles is

desirable.

A number of studies have demonstrated that females have a quadriceps

dominant muscle activation pattern as compared to males (Hewett, Zazulak,

Myer & Ford, 2005; Malinzak et al., 2001; Myer, Ford & Hewett, 2005) during

physical activity. The studies used electromyographical data to track the activity

of the quadriceps and the hamstrings during various tasks such as a plant and

side-cut maneuver. They all found that in females, the quadriceps activity far

exceeded the activity in the hamstrings. The decreased hamstring recruitment is

detrimental in two ways. First, it decreases the level of muscular co-contraction

occurring about the knee during movement. As discussed above, this decreases

the stiffness and stability of the knee joint, making it more susceptible to anterior

shear forces (Huston, 2007).

Secondly, it decreases the counterforce that the hamstrings can apply to

the knee joint to prevent the quadriceps from exerting an anterior shear force on

the tibia. Because of the attachment of the patellar tendon onto the tibial
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tuberosity, when the quadriceps contract, part of the force created causes an

anterior shear of the tibia on the femur (Figure 2.4).

PuTl ci îhe
patellar
Tencìon

Figure 2.4: Lateral view of the knee joint, showing the component vectors of the
line of pull of the patellar tendon.

The ACL is one of the main structures that prevents excessive anterior shear in

the absence of hamstring muscle contraction (Moore et al., 2010). lf the shear

caused by the quadriceps exceeds the load capacity of the ACL, it will be injured.

However, if the hamstring muscles contract simultaneously with the quadriceps,

they can counteract some of the shear force, taking the load off the ACL (Huston,

2007). The hamstrings are capable of this because of their insertion on the

posteromedial tibia (Figure 2.5).
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Figure 2.5: Lateral view of the knee joint, showing the component vectors of the
line of pull of the hamstring muscle group.

Muscle lenqth

As previously discussed, the hamstring muscle group can play a large role

in preventing ACL injury. However, in order for the hamstrings to make a

contribution, they must be able to produce sufficient force. Regular strength

training can increase the capabilities of the muscle group by increasing muscle

mass (Ripptoe & Kilgore, 2005). However, unless the muscle group is at an

optimum length, it will not be able to use its entire force producing capacity.

Muscles generate optimum muscle contractions at slightly above the

resting length of the muscle (Hall, 2007). lf it is shorlened or lengthened

significantly beyond the resting length, the muscle is not able to produce as much

force because of a lack of actin/myosin crossbridging within the sarcomeres of

the muscle. When landing from a jump, the hamstring muscles change in length.

They are biarticular muscles, meaning they cross both the hip and the knee
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joints. Movement at either joint causes a change in the length of the hamstring

muscles. Knee flexion and hip extension shorten the hamstrings, while knee

extension and hip flexion lengthen that muscle group. lf both knee flexion and

hip flexion occur at the same time, the hamstrings tend to stay at the same

length, and therefore contract isometrically (Milne, n.d.). However, if the hips flex

more than the knees, the hamstrings lengthen and therefore contract

eccentrically (Withrow, Huston, Wojtys, & Ashton-Miller, 2006). A muscle is able

to produce more force during an eccentric contraction than during a concentric or

isometric contraction (Hall, 2007).

A study on the kinematics of the hamstrings during running found that the

muscle group had maximal length when the hip was flexed 55-65 degrees and

the knee was flexed 30-45 degrees (Thelen et al., 2005). The muscles were

stretched 7-9% on average beyond resting length. However this study only

looked at hamstring length in sprinters and the maximal hamstring length actually

occurred during the swing phase. The relationship to a jump landing task may be

limited, but it does illustrate the fact that a moderate amount of hip and knee

flexion could help create the optimum conditions for the hamstrings to produce

maximalforce. The more force they can produce, the better chance they have of

preventing ACL injury.

A recent study (Withrow et al., 2006) suggests that ihis strategy could be

used by athletes when landing from a jump in order to decrease ACL injury risk.

This study looked at the effect of different types of hamstring contractions on the

strain rate in the ACL. Using 10 cadaver models, the knee was axially loaded,
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similar to when landing from a jump. During different trials, ACL strain rate was

recorded with the hamstrings contracted concentrically, eccentrically or

isometrically. The ACL showed significantly less strain when the hamstrings

contracted eccentrically as compared to the concentric or isometric conditions.

The authors suggested that landing with more hip flexion than knee flexion would

put the hamstrings in a lengthened state, thereby decreasing the strain on the

ACL.

Measurement of movement patterns in exploratory studies

A common method of kinematic measurement in a laboratory setting is via

the use of multi-camera, computer generated 3-D motion analysis software such

as Vicon motion measurement systems (http:/iwww.vicon.com). This type of

instrumentation is extremely expensive and not conducive to use outside a

laboratory setting. All studies found in the course of this literature review used

these complex motion analysis systems in a laboratory setting to examine the

biomechanics of the jump landing. Measurement of joint angles is done

automatically from the videotape by the software system.

Daftfish computer software (http://www.dartfish.com) is a 2-D motion

analysis system designed for use in the field in practical situations. As such, it is

not often used in research studies. Since the purpose of the current study was

to examine a practical situation, Dartfish software was a realistic alternative to

the complex 3-D methods. Rather than using joint markers that are automatically

converted into angular quantities in the 3-D software, angular variables in the

extremities in the present study were measured using relative angles. This

entails measuring the angle between the long axis of one body segment and the
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long axis of the adjacent body segment at the joint of interest. The trunk angle

was measured as an absolute angle, between the long axis of the trunk and the

vertical axis. Both measurements were taken using the 180 degrees scale. ln

anatomical position, according to the 180 degree system, alljoints are in a

position of zero degrees. Any deviation from anatomical position is measured

and designated the joint angle (Hall, 2007). Dartfish has a built in angle

measurement tool and a vertical line tool to aid in the calculation of each angular

variable.

The measurement of knee valgus using Dartfish was undertaken by

Glass, Priest and Hayward (n.d). They measured knee valgus in terms of the

angle between a vertical line passing through the ankle joint and a line through

the long axis of the lower leg in the frontal plane. Using this method, they were

able to distinguish between trials of subjects using good squat biomechanics and

those that demonstrated knee valgus mechanics. However, this method was

used in a laboratory setting where athlete movement could be highly controlled.

As a result, it is not a method that is conducive to use in a real life sport situation

if valid knee valgus measurement is desired.

"The accuracy and reliability of Dartfish is highly dependent upon camera

positioning, camera resolution, the distances of the objects from the cameras, the

angles of objects and movements with respect to the cameras, and the precision

with which the operator can visually identify and mark the positions" of the joints

in question (Abercromby, Thaxton, Onady & Rajulu, 2006). Therefore, data was

42



collected by the principal investigator only, in order to be as consistent as

possible with camera settings and placement.

Dartfish software has been used successfully in the Biomechanics

Laboratory at The University of Manitoba by previous investigators. Taylor

(2007) and Shackel (2008) both found Dartfish to be a reliable method of

measuring joint angles and distances when analyzing athletic skills.

Gender differences in movement patterns contributing to AGL injury

Knee flexion and knee valqus

Females have different movement patterns than males when participating

in sports and activities (Decker et al., 2003). During maneuvers that put the ACL

at risk, such as pivoting, cutting and landing from a jump, females exhibited eight

degrees less knee flexion and eleven degrees greater knee valgus than males

(Malinzak, Kirkendall & Yu, 2001). ln a small study of active adults landing from

a 60 cm height, Decker and colleagues (2003) found that females had seven

degrees less knee flexion at initial impact than males. The females landed with

22.8 degrees of knee flexion, compared with 30 degrees in the male subjects.

Decreased knee flexion and increased knee valgus during physical activity have

both been suggested as factors that are related to an increased risk of ACL injury

for female athletes.

Firstly, landing with decreased knee flexion increases the load across the

knee and increases the anterior shear force of the tibia on the femur, thus

stressing the ACL (Silvers & Mandelbaum,2007). This is directly related to the

angle of pull of the patellar tendon on the tibia. As the quadriceps muscle
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contracts, the force is transferred through the quadriceps tendon, over the

patella, and into the patellar tendon. As seen in Figure 2.6(A), when the knee is

flexed between 60 and 75 degrees, the line of pull of the patellar tendon is

perpendicular to the tibial plateau, and therefore there is no shear force present.

There is only a stabilizing force (blue arrow) occurring. However, when knee

flexion angle drops below 60 degrees, the vector representing the pull of the

patellar tendon now has both a stabilizing component (blue arrow) and an

anterior shear (red arrow) component (Figure 2.6, B). Conversely, when the

knee isflexed in excess of 75 degrees, the pull of the patellartendon causes a

posterior shear component (red arrow) along with a stabilizing (blue arrow)

component (Figure 2.6, C). Therefore, landing from a jump with less than 60

degrees of knee flexion will increase the strain on the ACL because of the

presence of an anterior shear force.
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Figure 2.6: The effect of knee flexion angle on the presence of shear forces
between the tibia and femur (Reproduced with permission from Daniel, D.M., Stone, M.1.,
Barnett ,P., Sachs, R. (1988). Use of the quadriceps active test to diagnose posterior cruciate
ligament disruption and measure posterior laxity of the knee. Journal of Bone and Joint Surgery
(Am), 70(3),386-391.) (Copyright owned by The Journal of Bone and Joint Surgery, lnc.)
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Huston et al., (2001) also found decreased knee flexion angles when

testing a small sample of adults during a drop from a platform. Females landed

with significantly less knee flexion at initial impact than the male participants. A

force platform was used during this study to capture the magnitude of the ground

reaction forces upon landing. The authors found that vertical ground reaction

forces increased by about one percent for every degree of difference in knee

extension when landing between females and males. The role of ground reaction

forces in ACL injury is discussed in detail on page 57. ln general, landing with

less knee flexion is detrimental to athletes because it increases the stress on the

ACL, as well as the landing forces that must be dissipated up through the body.

ln a recent study (Hewett et al., 2005), the knee kinematics of over 200

adolescent female athletes were tested using a drop jump before their

competitive season began. A valgus knee position was found in nine athletes

who subsequently suffered an ACL injury during their competitive season. The

knee kinematics of the nine athletes who were injured were compared to those of

the 196 subjects that did not sustain an ACL injury. The authors found that the

group who did sustain an injury had an average of eight degrees more knee

valgus than the non-injured group. They suggest that knee motion in the frontal

plane can be predictive of ACL injury.

Another group of researchers (Withrow et al., 2006) found that knee

valgus can contribute to ACL injury. ln a laboratory setting, they loaded 10

cadaveric knees to simulate landing from a jump. When the knees were loaded

with a valgus force, the strain in the ACL increased by 15% compared to when
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the knees were loaded in a neutralfrontal plane position. These findings help to

explain the previous findings of Hewett and colleagues regarding why a valgus

knee position can lead to ACL injury.

Silvers, Giza and Mandelbaum (2005) described a "pathokinetic chain"

that leads to a valgus knee. The sequence of events included an increased hip

adduction moment and a decrease in hip abduction control causing an increase

in hip adduction angles. This contributed to the knee assuming a valgus position.

lreland (1999) has also reported extensively on the tendency of the female

athlete to demonstrate poor lower extremity biomechanics. She identified the

"position of no return", similar to the pathokinetic chain discussed by Silvers et

al., by viewing numerous videotapes showing actualACL injuries occurring.

Kernozek et al. (2005) conducted a study using 30 university aged

recreational athletes. The authors found that at the instant of peak knee valgus

during a drop landing, the female athletes had a lower varus moment than the

male athletes. A varus moment is a torque that produces movement in the varus

direction. A varus moment is considered a protective mechanism that prevents

the leg from collapsing into a dangerous valgus position. The result of this study

underscores the imporlance of maintaining good alignment during landing. The

fact that the female knee is already in an increased valgus position upon landing

(Hewett et al., 2005; Malinzak et al., 2001), coupled with a low varus moment

(Kernozek et al., 2005), means that the athlete is unable to produce the torque

required to remove her from that potentially dangerous position.
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Athletes who exhibit excessive valgus at the knee during landing have

been described as ligament dominant as opposed to muscle dominant (Andrews

& Axe, 1985). Contraction of the gluteus medius, gluteus minimus and tensor

fascia latae muscles can prevent the thigh from adducting and ihe knee from

collapsing into a valgus position. ln a ligament dominant athlete, these leg

muscles are unable to control the excessive valgus occurring, and therefore the

ligaments and specifically the ACI- must take on that task if injury is to be

avoided.

Many reasons for the disparity between male and female athletes in terms

of knee valgus have been postulated. lt has been suggested by previous studies

(Hewett et al., 2004; Markolf et al., 1978) that males demonstrate an increase in

muscular power, strength and coordination during puberty, whereas females do

not demonstrate the same increases. A large study was conducted by Hewett

and colleagues (2004) to investigate the effects of maturation level on knee

kinematics and muscular strength. They had 181 subjects between the ages of

1 1 and 15 undergo testing, which included a drop jump and isokinetic

dynamometer strength testing. One significant outcome from the study was that

females had significantly decreased hamstring and quadriceps peak torques

compared to males with increasing maturation. As they grew, the males

demonstrated a relative increase in strength, whereas the females did not show

that same improvement. ln an older study, Markolf and colleagues (1978) found

that contraction of the muscles surrounding the knee joint can decrease the

frontal plane laxity of the knee threefold. Decreasing the laxity of a joint
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increases its stability, preventing unwanted movement from occurring. This

disparity in muscle strength may explain why males demonstrate less valgus

angulation of the knee upon landing from a jump as compared to females.

Because of their increased strength, they are able to increase the stability of the

knee and prevent the knee from moving into the unwanted valgus position. lt

also helps to clarify the reason why the disparity in ACL injury rates begins to

appear around the age of puberty. As females mature, they do not benefit from a

concomitant increase in muscle strength and power as males do, setting them up

for increased chance of ACL injury.

Tibial rotation

It is apparent that a complex, interrelated sequence of movements and

positions occurs prior to ACL injury, rather than just one discrete action in one

specific plane of movement. Adding a rotation moment to a slightly flexed,

valgus knee, such as during an attempted change of direction, increases the

tension on the ACL and can lead to injury (Silvers et al., 2005). However, some

authors (Boden, Dean & Feagin, 2000; Olsen, Myklebust & Engebretsen, 2004)

have found minimal tibial rotation at the time of ACL injury. Olsen and

colleagues (2004) found 10 degrees or less of tibial rotation in 90% of cases.

This is well within the normal limits of 30 degrees medial rotation and 40 degrees

lateral rotation for tibial range of motion (Magee, 1997). Therefore, tibial rotation

is not likely to be the only contributor to ACL injury. Other factors must be

involved to bring the ligament to its breaking point.
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Trunk flexion and pelvic rotation

lreland (2002) described the knee as being a "victim" to the movements

and forces occurring more proximally in the hip, pelvis and trunk. She claimed

that females assume a position of increased anterior pelvic rotation and lumbar

lordosis that contributes to the pathokinetic chain described by Silvers and

colleagues (2005).

Two studies (Dugan, 2005; Myer, Chu, Brent & Hewett, 2008) agreed that

the knee is dependent upon proximal positioning, stating that the inability of

females to have proper and sufficient neuromuscular control in the core

abdominal and large hip muscles dictates the position and stresses on the distal

leg structures, most notably the knee joint and ACL. The loss of neuromuscular

control occurs during puberty, when the tibia and femur grow at relatively rapid

rates. This increases the height of the centre of mass which makes it more

difficult to control the trunk (Myer et al. 2008). The increase in the length of the

legs also makes it more difficult for the athlete to control lower extremity

positioning. Because females do not show a concomitant increase in muscular

strength and power with maturity as males do (Hewett, Myer & Ford, 2008), they

have a higher risk of injury to the ACL.

Even though females lack the trunk muscle strength of males during and

after puberty, they have the ability to compensate in other ways. A recent study

reported that female athletes were able to positively change their jump landing

biomechanics after receiving instruction, regardless of their existing trunk
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strength (Mizner et al., 2008). This suggests that there is still benefit to be had

from jump landing training even if muscle strength is lacking.

Renstrom and colleagues (2008) stated that increased trunk motion during

landing can put an athlete at risk for ACL injury, but they do not discuss the data

to substantiate that claim. lreland (2002) believed that an anterior rotation of the

pelvis leads to femoral internal rotation and a valgus knee, putting the female

athlete at increased risk of ACL injury. However, she came to this conclusion

after observing male and female athletes performing a minisquat off a low stool

(See Figure 2.7).

Figure 2.7: Minisquat pedormed by a male (on the left in each picture) and a
female (on the right in each picture). Note the different movement patterns of the
trunk, pelvis and lower extremity between genders (Reprinted with permission
from lreland,2002).

The athletes showed different movement patterns, but to recommend that

athletes should use a normal lumbar lordosis during sport skills such as landing

from a jump is a misrepresentation of the findings. By decreasing lumbar

lordosis and increasing trunk flexion during a jump landing, the athlete is in a

position to decrease vertical ground reaction forces.
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Flexing the trunk causes the centre of mass of the entire body to move in

a downwards direction during the landing. The athlete who flexes her trunk more

will displace her centre of mass a larger distance downwards. This will have a

direct impact on the velocity and therefore the acceleration of the body's centre

of mass as it comes to a stop. Linear downward acceleration is important in this

situation because of the relationship of acceleration to force, as stated by

Newton's First Law (Force = Mass x Acceleration). The vertical ground reaction

force acting on the athlete landing from a jump is proportional to the mass and

the acceleration of the athlete. lt can be calculated by determining the total

magnitude of the forces present in the vertical (y) direction, and then subtracting

the weight of the athlete. Because there are only two vertical forces acting on

the system (body weight and vertical ground reaction force), this will result in the

determination of the ground reaction force.

A sample calculation taken from data within the current study is included

in Figure 2.8 to illustrate the differences between an athlete who uses trunk

flexion during landing and one who does not,
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Minimal trunk flexion on landing
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lncreased trunk flexion on landinq
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Figure 2.8: Sample calculation of ground react¡on forces (IFv = sum of the forces
in the vertical (y) directiorl, Vr = final velocity; v¡ = initial velocity; Rv = vertical
ground reaction forces; W = bodyweight).

The centre of gravity (CG) of the two athletes in the example moved through

approx¡mately the same displacement dur¡ng the first 0.15 seconds of the jump

landing. However, the athlete in the example on the left landed with a "stiffer"

landing, with the downward movement arrested quickly during the first half of the

0.15 seconds. Her CG initially moved through its displacement rapidly, resulting

in a larger initial veloc¡ty compared to the other athlete. The CG of the athlete

who used more trunk flexion continued to move through its displacement at a

fairly uniform pace, resulting in a larger final velocity as compared to the other

athlete. The athlete who used more trunk flexion continued to lower her CG even

after the 0.15 second time frame was up, whereas the CG of the other athlete

had already reached its lowest point.

The result of these differences is that the athlete who used more trunk

flexion experienced less vertical ground reaction force than the athlete who
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landed with a stiffer landing. The vertical ground reaction force experienced by

the athlete who completed the stiff landing was 2.6 times bodyweight, whereas

the force experienced by the other athlete was 2.1 times bodyweight.

Blackburn and Padua (2007) suggested an additional benefit to increasing

trunk movement during jump landings. After studying 40 recreational adult

athletes during a drop jump, it was determined that having the participants

actively flex their trunk during landing resulted in an increase in hip flexion of six

degrees at initial ground contact as well as an increase of 31 degrees at peak hip

flexion and 22 degrees at peak knee flexion. Since increased hip and knee

flexion upon landing have been found to decrease ACL injury risk (Hewett et al.,

2005; Silvers et al., 2007), these authors suggested that encouraging athletes to

adopt a more trunk flexed position during landing should be incorporated into

ACL prevention programs. They also found that trunk flexion when landing had

no deleterious effect on hip internal rotation or knee valgus, two additional

movements that have been found to be associated with ACL injury (Delfico &

Garrett, 1998; Kirkendall & Garrett, 2000).

More support for trunk flexion during jump landing exists. When landing

from a jump, there is a flexor moment created at the knee joint. ln response, the

quadriceps contract strongly to produce an extensor moment in order to prevent

the athlete from falling. A recent study (Shimokochi et al., 2009)found that by

moving the centre of gravity of the body anteriorly, as would occur during trunk

flexion, knee extensortorque was decreased. This is because torque is equal to

force x moment arm. A flexed fon¡uard trunk position decreases the moment arm
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for the body weight (Figure 2.9), which decreases the flexor torque. ln turn, the

magnitude of the necessary extensor torque to prevent falling decreases. A

decrease in the contraction of the quadriceps would decrease the anterior shear

force acting on the ACL and potentially decrease the risk of ACL injury.
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Figure 2.9: The effect of trunk position on the moment arm (dotted line) for the
weight of the upper body (arrow). Erect landing position on the left, flexed
landing position on the right.

Salci et al., (2004) suggested that trunk flexion tends not to be

recommended as a strategy to prevent ACL injury because an excessive amount

of trunk flexion may hinder performance. However, this has not been studied to

date.

Maximum flexion angles, landing phase times and angular velocities

A recent study examining landing biomechanics from volleyball spike and

block jumps found that female university players demonstrated 20 degrees less

peak knee flexion and 15 degrees less peak hip flexion upon landing compared
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to the male athletes in the study (Salci et al., 2004). This study simulated landing

from a spike and block by stepping off a platform, so no actual volleyball skill was

required, calling into question the ability to generalize to an actual volleyball

siiuation.

A significant difference existed in duration of stance phase between stiff

and soft landings, according to Devita & Skelley (1991). ln soft landings the time

from initial contact until maximum knee flexion was 342 milliseconds, and during

a stiff landing, that time decreased significantly to 152 milliseconds. The

increased time to land in the soft landing affords the body more time over which

to absorb the force and bring the body to a stop. Lower forces are required of

the muscles because of the increased time frame, resulting in a decrease in

injury risk. The impulse-momentum relationship explains this connection. lt

states that Force x Time (lmpulse) = a change in momentum (the quantity of

motion a body possesses). Momentum is calculated by subtracting the body's

initial momentum from its final momentum. To balance this equation if time is

increased, the force on the muscles must decrease.

For example:

With increased time

Force x Time = (mass2 x velocity2) - (mass1 x velocityl)

Force = (masse x velocityz)__.(mesgr f,lyqþqily1)
Time

Force required by the muscles = (65 kg x 0 metres/sec) - (65 kq x 5 metresisec)
0.3 seconds

Force required by the muscles to bring the body to a stop = 1083.3 Newtons
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With decreased time

Force x Time = (mass2 x velocity2) - (mass1 x velocityl)

Force = (massz x velocityz) - (masst x velocityt)
Time

Force required by the muscles = (65 kq x 0 metres/sec) - (65 kg x 5 metres/sec)
0.'1 5 seconds

Force required by the muscles to bring the body to a stop = 2166.6 Newtons

Clearly, an increase in time for the landing will decrease the amount of force

required by the muscles of the body to bring the body to a stop.

Decker et al. (2003) found that females and males demonstrated similar

landing phase times and maximum knee flexion angles during a drop jump. The

female subjects had a larger overall range of motion by 12 degrees in the knee

and 17 degrees in the ankle joints during the jump landing than the males, which

resulted in the females having a greater peak angular velocity. The authors

suggested the females may be attempting to disperse the landing forces over a

larger range of motion, whereas the males were able to absorb the forces over a

smaller range of motion with their greater muscle strength. This study contradicts

the findings of other authors that females possess decreased knee flexion angles

upon landing compared to males (Huston et al., 2001; lreland, 2002; Malinzak et

a|.,2001; Salci et al., 2004). As well, Huston and colleagues (2001) found no

difference in overall knee range of motion during the jump landing between

genders, as Decker et al. (2003) found.

Kernozek and colleagues (2005) looked at university aged recreational

athletes and compared males to females in terms of their biomechanics when
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dropped from a "hang bar". They found no difference between genders in

landing phase times, which agreed with Decker et al. (2003). Females however

demonstrated increased peak values and overall range of motion of ankle

dorsiflexion, knee valgus and foot pronation angles.

Vertical qround reaction forces

Peak ground reaction forces increase significantly when landing via a stiff

landing versus a soft landing (Devita & Skelley, 1991). These authors found that

a stiff landing, with an average knee flexion angle upon landing of 77 degrees,

resulted in a 23o/o increase in ground reaction forces compared to a soft landing

with an average knee flexion angle of 117 degrees.

Kernozek and colleagues (2005) showed that females had higher vertical

ground reaction forces than males when dropping from a "hang bar", showing

their inability to absorb forces gradually with their landing technique. A study by

Hewett and colleagues (2005) found that athletes who suffered an ACL tear had

demonstrated vertical ground reaction forces 20% higher during testing of a drop

landing task previous to sustaining the injury than those athletes who were injury

free.

Another study, by Salci and colleagues (2004), also found higher vertical

ground reaction forces in females as compared to males. The magnitude of the

difference was approximately 0.6 times bodyweight. ln a large study involving

middle school and high school aged youth, Hewett et al. (2006) determined that

males had a lower ratio of landing forces to take off forces in a jump landing task

than did females as they matured. This indicated that males develop the ability
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to both increase their takeoff forces for increased jump height as well as dampen

the forces of landing. Females do not develop these abilities to the same extent.

This may partially explain females' increased risk of injury, including ACL injury.

Foot position

Renstrom et al. (2008) suggested an additional factor that would decrease

the chance of ACL injury is foot placement on landing from a jump. Landing with

most or all of the force on one leg, especially when the foot is positioned away

from the body's center of mass, increases the stress on the knee and ACL. lt is

suggested that any athlete landing from a jump employ both feet equally to

absorb the force of the landing. A previous study (Tillman, Hass, Brunt, &

Bennett, 2004) found that 35% of elite female volleyball players landed on the left

foot only after a spike. The authors suggested this reflected the fact that the

majority of the population is right handed. When hitting the volleyball, the athlete

side flexed towards the left in order to contact the ball at the highest possible

point with the right hand. This side flexion raised the right side of the body and

may have led to the athlete landing on the left foot only. Recognizing this unique

situation with the volleyball spike is the first step to taking measures to prevent

ACL injury.

Kovacs and colleagues (1999) suggested that the method an athlete uses

to land from a jump may decrease the chance of ACL injury. They proposed that

landing from a jump using a forefoot landing (Figure 2.10) encourages greater

energy absorption in the muscles of the leg compared to a heel toe landing.
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Figure 2.10= Forefoot landing on both feet (A); heel landing on the right foot after
landing toe to heel on the left foot (B).

When landing on the toes, the gastrocnemius muscle of the calf is in a shortened

position. As the athlete rolls to their heels, the calf muscles lengthen. This is an

eccentric contraction. An eccentric muscle contraction is the strongest type of

muscle contraction. This strong contraction by the calf muscles allows the

athlete to slowly absorb the energy of the jump landing while the muscles are

lengthening. Absorbing energy via the muscular system prevents the

ligamentous structures of the lower extremiiy from having to bear the increased

load, possibly sparing the athlete from ACL tears, among other injuries.

Gender differences during one foot jump landings

Coronal plane d ifferences

Often in landing from a volleyball spike, the athlete is required to land on

one foot because of positioning close to the net, or an awkwardly set ball. Ford

and colleagues (2006) found gender differences in the coronal plane in athletes

landing on one leg from a drop jump. All kinematic variables in that study were

measured with the use of a three dimensional motion analysis system. Females

demonstrated increased knee valgus at both initial touchdown and at maximum
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valgus compared to males. At initial touchdown, females possessed 2.4 degrees

of valgus, whereas males demonstrated 1.7 degrees of varus. At maximum

valgus, females had 4.9 degrees of valgus compared to the males' 0.1 degrees

of varus. Females also showed a larger overall hip abduction/adduction

excursion, at 17 degrees versus 13 degrees for the males during the landing

maneuver. The authors found a correlation between the degree of hip adduction

and knee valgus at initial contact. This points to control of the proximal segments

as being of utmost imporlance in preventing valgus strain on the knee and the

potential for ACL injury, as suggested by Dugan (2005) and lreland (1999).

Saqittal plane differences

Schmitz et al. (2007) found sagittal plane differences in single leg landings

between genders. Females exhibited significantly less hip and knee flexion

range of motion during the landing task. Females also took approximately half as

much time to reach peak hip and knee flexion angles and demonstrated a nine

percent increase in peak ground reaction forces compared to males. Hewett et

al. (2005) showed that increased ground reaction forces increased the chance of

ACL injury. The female athletes in Schmitz's study exhibited an ankle dominant

landing pattern, with limited energy absorption contributed by the muscles

surrounding the knees or hips. The more upright landing position of the females

precluded use of these larger muscle groups to attenuate some of the forces

involved in landing, leading to increased ground reaction forces.
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l-inking ACL injury with specific landing biomechanics

ln a landmark study, Hewett et al., (2005) followed 205 female adolescent

athletes prospectively after analyzing their biomechanics during a drop jump

task. A number of kinematic variables were initially measured with the use of 3-

dimensional motion analysis software. Segment motion was tracked with the

placement of reflective markers on each of the subjects. Subsequently, nine of

the athletes suffered a non-contact ACL rupture during their competitive sporl

season. The authors were then able to return to their data and identify key

biomechanical characteristics that may have put these athletes at risk. Knee

valgus angles at initial contact of the jump landing as well as maximum attained

knee valgus angles were significantly greater in ACL injured athletes than in the

non-injured group.

The maximum knee flexion angle achieved during the landing was

decreased in the injured group, but not the knee flexion angle at initial contact.

Veftical ground reaction forces were 20o/o higher in the ACL injured group than in

the non-injured group. Another significant finding was that injured females had a

16% shotter stance time than did the control group. The ACL injured group was

also found to have a significant difference in loading between legs, whereas the

non-injured group shared the landing load equally on right and left legs. With this

knowledge of the key biomechanical features that differentiate athletes at risk for

ACL injury, prevention programs can be developed and put into place.
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Additional movement patterns that could affect ACL injury risk

As stated in the introduction, the role of the arms in jump landing has not

been investigated in the ACL injury literature. ln fact, in many studies that

employ the drop jump testing technique, the arms are purposely excluded by

having the subject cross them over their chest (Figure 2.11) (Huston et al., 2001),

putting their hands on their hips (Schmitz et al., 2007) or by positioning them over

the head (Renstrom et al., 2008). Many studies do not mention the position of

the arms in their protocols.

Figure 2.11: A typical position for the arms during jump landing testing.

One study (Chaudhari et al., 2005) investigated whether arm position

changed the knee valgus moment in athletes completing a 90 degree cutting

maneuver. The authors indeed found that holding the arms in front of the body

during the cut and tucking the plant side arm (as when holding a football)

significantly increased the valgus torque on the knee joint. A 90 degree cutting

maneuver has been identified as a high risk motion for female athletes in terms
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of ACL injury. However, the effect of the arms cannot be extrapolated to jump

landing, as they are two distinctly different skills.

Theoretically, swinging the arms inferiorly while landing from a jump would

decrease ground reaction forces. This would function in a similar manner to

accelerating the trunk in a downwards direction, as discussed on page 51-52. By

accelerating the arms in a downwards direction upon landing, the ground

reaction forces pushing back on the athlete are decreased compared to an

athlete who does not use their arms. However, in a real life volleyball spike

scenario it would be difficult to use the arms to their maximum potential because

of the nature of the spike motion with the upper body, when one arm is extended

and adducted into the trunk at ball contact. The athlete is more focused on using

the arms to execute a skillful hit rather than using them to dissipate landing

forces. ln a game situation, the player also would not have time to complete the

full downward arm-swing before moving on to the next play. The downward arm-

swing when landing from a jump holds potential for assisting in knee injury

prevention and warrants future investigation.

MODELS OF MOTOR LEARNING

The act of landing from a volleyball spike jump is a motor skill. lt is

classified as a skill because there is a definite goal associated with the task, i.e.

landing successfully from the jump. A motor skill denotes a "skill that requires

voluntary body and/or limb movement to achieve its goal" (Magill, 2001).

Furthermore, the volleyball spike jump landing can be considered an open motor

skill, because the environment is unstable and ever-changing. The athlete is in

motion throughout the skill, as is the volleyball. The behavior of the athlete must
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adapt to the changing parameters surrounding her as she executes the skill. The

landing may be altered because of a less than pedect set by the team setter, or

the presence of an opponent's foot under the net. The presence of one of the

athlete's own team members close by may even affect how and where she can

land from the spike jump.

ln order to change the methods the athlete uses to land and potentially

protect her from ACL injury, motor learning has to occur. There are two models

of learning that are traditionally referred to in the motor learning literature; the

Fitts and Posner Three-Stage Model and Gentile's Two-Stage Model.

Fitts and Posner Three-Stage Model (1967)

ln the first stage of Fitts and Posner's model, the cognitive stage, the

athlete focuses on practical questions and problems. She has to consciously

think about what position her leg is in at a certain point in the skill, or where her

arms should be in relation to her trunk. As the athlete receives instruction and

coaching, she must undertake cognitive processes to translate the directions into

actions. Performance of the skill at this point shows large variability and

inconsistencies from one trial to the next, and there are many gross errors in

execution. ln the second stage of learning, the associative stage, the athlete's

variability between trials decreases as she learns to relate her movements to

environmental cues. She is also able to detect her own errors in performance.

The final stage of Fitts and Posner's model is the autonomous stage. lt

takes many years and much repetitive practice to reach this stage and not all

people may attain this level of proficiency (Magill,2001). At this point in the

process, the motor skill has become second nature to the athlete, and the task

64



can be completed without conscious thought and sometimes concomitant with

another task. Variability is very low between task trials and the athlete can not

only detect when she makes an error, but also take steps to erase the error.

Gentile's Two-Stage Model

Gentile's modelfor motor learning takes its basis from the desired goal of

the skill. The first stage involves "getting the idea of the movement" (Magill,

2001). The athlete is determining which movement patterns are appropriate to

reach the end goal of landing successfully from a jump, such as the amount of

knee flexion required, orthe position of the feet at initial impact. ln addition, the

athlete begins to understand and delineate between factors that exist in the

environment that will and will not have an effect on the outcome of the skill. For

instance, she is learning that the amount of light in the gymnasium will not affect

her landing pattern, but the distance she lands from the net may very well

determine her landing pattern. This first stage is characterized by many

repetitions of the skill, on a trial and error basis, to determine what is successful

and what is not.

The second stage of Gentile's model for an open motor skill is known as

"diversification". During this stage, the athlete must learn to adapt her motor

pattern in order to respond to an endless arøy of environmental situations. She

must also become consistent in the execution of the skill, and complete it with as

little effort as possible (Magill, 2001).

Motor Iearning in jump landing training

A characteristic common to both approaches of viewing motor learning is

that the athlete moves through the stages gradually. There is no abrupt shift
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from one stage to another; there is only a gradual development of the skill. ln

attempting to change landing biomechanics in adolescent female volleyball

players, it was the first stage in both Fitts and Posner's and Gentile's models of

motor learning at which the athletes began their learning process. None of the

athletes had previous jump landing training, and so the mechanics had to be

cognitively processed at first as they performed their practice trials.

PREVENTION PROGRAMS

There have been many studies completed looking at the effect of specific

exercise and training programs on landing biomechanics and ACL injury rates.

These programs typically are implemented for at least one month, and often for a

full competitive sports season, so the mechanism of improvement would involve

strength, coordination and proprioception gains by the athlete.

Programs causing a positive change in landing biomechanics

Jump landing training combined with neuromuscular traininq exercises

Chappell and Limpisvasti (2008) found that after a six week

neuromuscular training program including jump training focusing on improving

technique, female university aged athletes demonstrated five degrees more knee

flexion at initial impact of a drop jump test, as well as an increase of six degrees

during maximum knee flexion.

A study by Pollard et al,, (2006) demonstrated that an injury prevention

program undertaken by adolescent female soccer players over an entire season

had the effect of decreasing hip internal rotation and adduction when performing

a drop jump landing. lt had no effect, however, on knee valgus or flexion, as
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hypothesized. The intervention consisted of replacing the team's regular warm-

up with one that included jump landing instructions emphasizing soft landings

and the importance of hip and knee flexion when landing.

Both of these studies resulted in positive adaptations on the paft of the

athlete. As suggested by lreland (1999), a safer landing technique involves

decreased hip adduction and internal rotation. She stated that hip adduction and

internal rotation contributes to knee valgus, which has been linked with a higher

risk of ACL injury (Hewett et al., 2005).

Myer et al., (2005) instituted a neuromuscular retraining program

with high school aged female athletes. A soft landing, using increased knee

flexion and knees centered over toes was encouraged throughout the tasks. The

program was offered three times per week for six weeks, with each training

session lasting about one and a half hours. Landing biomechanics post-

intervention showed the females landed with significantly increased overall knee

flexion range of motion, increasing 'from 72 to 77 degrees. The athletes also

demonstrated drastically decreased valgus and varus torques about the knee

after the training program. As an added benefit, the athletes were found to

improve their physical fitness in terms of verticaljump and horizontal hop

distance and strength during squat and bench press tests.

Active jump traininq

Hewett, Stroupe, Nance, and Noyes (1996), in a small cohort of female

volleyball players, found that an intensive program of jump training three days a

week for two hours over a six week time frame was successful in decreasing
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peak ground reaction forces by 22% when landing from a jump. Valgus and

varus knee moments were significantly decreased by 50% as a result of the

program. ln contrast to other authors (Chappel & Limpisvasti, 2008; Lephart,

Abt, Ferris, Sell, Nagai, Myers et al. 2005; Mizner et al., 2008; Myer et al., 2005),

this study failed to find a difference in peak and overall knee and hip flexion

angles upon landing. However, this may have been a result of the small study

size of eleven athletes. Peak verticaljump heights increased by one and a half

inches over the six week training period, demonstrating that training programs

can have both an injury preventative effect and a performance enhancement

effect.

Plvometrics

Another group of researchers implemented a nine week piyometric

program with female university aged athletes which included instruction on jump

landing technique (lrmischer, Harris, Pfeiffer, Debeliso, Adams, & Shea, 2004).

The workout lasted for approximately twenty minutes, twice a week. Following

the intervention, significantly decreased ground reaction forces were recorded

during a jump task for the workout group compared to the control group. The

rate of force production was also decreased by over 20o/o, indicating that the

trained individuals learned how to dissipate forces over a longer period of time.

Both of these factors have been found to decrease the chance of ACL injury

(McNair & Marshall, 1994).

6B



Strength training versus plyometrics

Lephart and colleagues (2005) also found an improvement in jump landing

technique after an eight week intervention program in high school female

athletes. These researchers compared a plyometric exercise group with a

strength training group. They found that both groups significantly increased their

hip flexion angle at initial contact, peak hip and knee flexion angles and time to

peak knee flexion, but neither group was superior to the other. There was no

difference found pre and post intervention on vertical ground reaction forces as

some authors have found after intervention (Cronin et al., 2008; McNair et al.,

2000; Onate et al., 2001; Prapavessis & McNair, 1999). This study failed to

describe whether specific instructions on landing technique were given to the

subjects, or whether they were just instructed to complete the designated

exercises.

Programs causing a decrease in the incidence of AGL injury

Jump landinq traininq combined with neuromuscular training exercises

ln a recent study, the PEP (Prevent lnjury and Enhance Performance)

program was introduced to 52 female adolescent soccer teams and included

written and video instruction on proper landing technique as well as plyometric

and strength exercises (Mandelbaum et al., 2005). The investigators

emphasized a soft landing, with deep hip and knee flexion and landing on the

balls of the feet. With participation in this program, ACL ruptures decreased by

88% compared to the control group in the first year of competition and by 74% in

the second year.
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Conversely, Petersen et al. (2005) were unable to demonstrate a

significant decrease in ACL injuries after the institution of their plyometric and

jump landing training program. The athletes in this study were encouraged to

land with more knee flexion and to keep the "knee over the toe". Although a

significant difference was not found between control and intervention groups, the

trend seemed to point to a positive effect of the program. There were five ACL

ruptures in the control group, all non-contact in nature. There was only one ACL

rupture in the intervention group, which was caused by direct contact. The

results suggest that more study of this program is needed, perhaps with a larger

cohort or more direct supervision for increased compliance with the program.

Heidt, Sweeterman, Carlonas, Traub, and Tekulve (2000) also failed to

find a decreased incidence of ACL injury after parlicipation in a neuromuscular

retraining program in female adolescent soccer players. There was a trend

towards the intervention group having fewer ACL injuries, but the result was not

significant. Overall injury rates were significantly decreased in the trained group

compared to the control group. The authors cite the lack of significance

concerning ACL injury prevention as related to the small sample size of 42.

Proper landing technique by keeping knees in line with the toes was emphasized

during this protocol.

A Nonruegian study (Myklebust et al., 2003) also found a trend toward a

decrease in ACL injuries after implementing a plyometric and jump landing

training program, but it had limited significance. A significant decrease in ACL

injuries was only found in the most elite European team handball players
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compared to the lower divisions. They did however find a significant reduction in

the number of non-contact ACL injuries in the intervention group as compared to

contact ACL injuries. The emphasis of their exercises was similar to Petersen et

al. (2005), including increased knee flexion with landing from a jump and keeping

the knees over the toes.

Another large Nonruegian study (Olsen et al., 2005) involving male and

female adolescent team handball players found that incorporating a

neuromuscular retraining program decreased the overall rate of injury by nine

percent, the rate of injury to the lower extremity by six percent, and the rate of

knee ligament ruptures by 80% compared to a control group. The knee over toe

position was again emphasized in this study, with athletes urged to focus on

lower extremity positioning during the workout tasks. The drawback of this study

is that no distinction was made between injury rates of females and males and

ACL injury rates were not individually analyzed.

Balance and proprioception traininq

A large ltalian study found a sevenfold decrease in ACL injuries in male

soccer players who undertook a month long proprioception program involving

balance activities on various balance boards (Caraffa, Cerulli, Projetti, Aisa, &

Rizza, 1996). No specific joint positioning instructions were given for this study,

only the prescribed exercises with set repetitions and durations. Although this

study cannot be generalized to female athletes, the results certainly warrant

further research into the effect of this type of program on women.

71



Active jump and aqilitv traininq

Henning's work (in Griffin, 2000) was instrumental in guiding ACL injury

prevention programs. Unfortunately because of his passing in 1991, his results

were never formally published, but they are widely recognized as an important

contribution to understanding ACL injury prevention. He found an 89% decrease

in ACL injuries in female university basketball players over an eight year period

with the use of agility and jump landing training. lncreasing hip and knee flexion

during jump landing was emphasized during this protocol, as was minimizing

knee valgus.

Plvometrics

A recent study which evaluated the effectiveness of a plyometric

intervention program on decreasing the risk of ACL injury found that there was no

difference between the intervention group and the control group (Pfeiffer, Shea,

Roberts, Grandstrand, & Bond, 2006). Both study groups had equal numbers of

noncontact ACL injuries occur during the two competitive seasons of the study.

It appears, however, that the frequency of participation in this program was low

compared to other training protocols, in that athletes averaged 18-22 training

sessions over the two seasons. Considering that the program only took 20

minutes to complete, there was obviously not enough time to produce a training

effect on the neuromuscular system of the athletes.

Prevention programs in Manitoba

Currently, there are no formaljump landing training programs offered

through the public school system in Manitoba (Brian Hatherly, personal
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communication, April 30, 2009). However, physical education teachers have

broad educational guidelines that encompass topics such as balance and

learning safe and controlled movements. There is an emphasis on the jump

take-off in physical education curriculum to maximize performance, but very little

on how to land safely from that jump. lt is currently up to the individual teacher to

decide how to teach the skills that satisfy each of the outcomes as put forth by

the mandated curriculum.

Coaching Manitoba offers coaching education through the National

Coaching Certification Program. The biomechanics of landing from a jump safely

in order to prevent injury is not introduced until the Level 3 course, which a very

small number of coaches in Manitoba actually attend (Sheldon Reynolds,

personal communication, April21, 2009). Even then, the education provided to

the coaches by the instructor is entirely dependent on the knowledge level of that

instructor. lf he/she is not aware of all the factors involved in safe landing

mechanics, he/she will be unable to properly instruct the coaches.

Clearly there is a lack of proper education regarding ACL injury prevention

in Manitoba. lnclusion of safe landing biomechanics should be included in the

educational curriculum so that all athletes, recreational or competitive, can

decrease their risk of injury.
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FEEDBACK ON SKILL LEARNIhIG

Feedback on the success of a skill can be divided into two categories.

Task-intri nsic feed back

Task-intrinsic feedback is the sensory-perceptual data that is an innate

part of executing the task (Magill, 2001). This includes the visual feedback of

hitting a targetwith the ball, the sound of the ball hitting the hand, orthe

proprioceptive information from the body as the skill is completed.

Augmented feedback

Augmented feedback is the second category, and exists in addition to

task-intrinsic feedback. lt can take two forms, knowledge of results or knowledge

of performance.

Knowledqe of results

Knowledge of results only involves giving the athlete feedback about the

final outcome of the skill, or whether they achieved the goal of the skill or not. lt

does not address why the goal was or was not achieved.

Knowledge of performance

Knowledge of performance generates information regarding the

movement properties that led to the outcome. This informs the athlete about the

reasons for the outcome and can occur in verbal form, or, more commonly, video

replay. This type of feedback can give the athlete valuable information on the

execution of their skill that they are unable to attain from the intrinsic feedback

provided by the skill. Studies have shown that augmented feedback can

enhance or even be essential to the acquisition of skills (E. Bilodeau, L Bilodeau
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& Schumsky, 1959; Trowbridge and Cason, 1932; Wallace & Hagler, 1979),

especially when undeftaking a complex motor task such as landing from a

volleyball spike jump. Because the meihod of landing was novel to the athletes

in this study, they were not able to process the intrinsic feedback effectively,

since they had no reference point with which to compare the new movement

pattern. This lack of experience was replaced by augmented feedback, and

specifically, knowledge of performance feedback, which supplied a "standard"

that the athlete could work towards.

Complex skills requiring multi-limb patterns of movement can be acquired

by repetitive practice. However it has been found that augmented feedback can

significantly speed up the process and allow the athlete to reach a performance

level beyond what would be possible with only intrinsic feedback (Wallace &

Hagler, 1979).

Verbal instruction

Various types of knowledge of performance feedback exist. The most

common is verbal instruction. Magill (2001) emphasized the importance of

completing a skill analysis and developing a checklist of key movements before

giving verbal instruction to ensure the feedback is correct and will lead to the

desired result. Descriptive knowledge of performance strictly describes the error

in the skill but does not give any suggestion for correction of the error. This type

of feedback is best for more advanced athletes who already possess the

knowledge of how to fix their performance. Prescriptive knowledge of

performance points out the error to the athlete and subsequently gives instruction
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for correct technique. This works well for beginners who do not have enough

knowledge to self-correct. Because a new method of landing from a jump was

introduced to the volleyball subjects in this study, prescriptive knowledge of

peformance was used.

Video feedback

lncreasingly, video playback is being used as a form of augmented

feedback. There has been conflicting evidence that video feedback is effective in

assisting athletes to attain a new skill (Rothstein & Arnold, 1976). One of the

most consistent findings is that athletes, and especially beginners, benefit from

video feedback more if an instructor or coach points out errors and deficits in

pedormance and suggests movement patterns to correct the errors (Kernodle &

Carlton, 1992).

ln terms of the amount of time required to cause a change in performance

using video feedback, selder & Del Rolan (1979) found that there was no

difference at four weeks between a video intervention group and a control group

attempting to learn a gymnastics skill, but that a significant difference existed at

the six week mark.

Another study looking at the pedormance of golfers after video

intervention found a significant improvement in performance after two weeks

(Guadagnoli, Holcomb & Davis, 2002). An interesting aspect of this study was

that initially, on the first post-test that took place two days after the intervention,

performance actually decreased. The authors suggest that video feedback is

indeed effective, but the positive results may take some time to develop.
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The frequency of feedback needed to exact a change in performance has

also been studied. lt has been determined that feedback after every single trial

of a skill is not necessary for learning, and may in fact produce a reliance on the

feedback for achievement of the task goal (Winstein & Schmidt, 1gg0).

Summary augmented feedback involves giving performance based feedback

after a given number of trials, instead of after each trial. There has been no

optimal number of trials suggested between feedback sessions, although a study

by Boyce (1991) found the effectiveness of feedback after every fifth trial to be

identical to feedback after every trial.

Guadagnoli, Dornier and Tandy (1996) suggested that the number of trials

between feedback sessions is dependent upon the skill being performed. A large

number of trials are better for simple skills, whereas smaller numbers are better

for more complex skills. More complex skills require feedback regarding a

number of different joint and segment movements and therefore more frequent

feedback is necessary to address allthe movement components. ln a simple

task where perhaps only one movement is required, a longer time between

feedback sessions can be used successfully. Landing from a volleyball spike

jump is a complex skill requiring coordinated movement of the entire body;

therefore feedback was given after a smaller number of skill attempts.

SUPPORT FOR MODIFYING MOTOR PATTERNS USING FEEDBACK

There have been many studies investigating the effects of augmented

feedback on improving jump landing biomechanics as well as ACL injury rates.

Prapavessis and McNair (1999) and McNair et al. (2000) were the first

investigators to examine if instructing athletes in proper landing techniques could

77



be effective. They indeed found that there was a significant improvement, as

determined by a lower peak ground reaction force, after instruction. A correlation

has been shown (McNair and Marshall, 1994) between increased vertical ground

reaction forces and increased anterior tibial acceleration when landing from a

jump, suggesting damage to the ACL is possible with increased landing forces.

This is because the ACL is responsible for limiting anterior movement of the tibia

on the femur. lf the structural integrity of the ligament is challenged by high

ground reaction forces, injury may occur.

Verbal feedback

McNair et al., (2000) found that both technical feedback (instructing

pafticipants to land on the balls of their feet, bend their knees upon landing, and

absorb the force of landing over a greater time period); as well as sound

feedback (merely instructing athletes to use the sound of their landing to

subsequently land more softly on following jumps) were useful in decreasing

ground reaction forces. The magnitude of the decrease was 0.4 times

bodyweight, or a 13% drop in ground reaction forces.

Mizner et al., (2008) found immediate positive results in jump landing

biomechanics in female collegiate athletes after five minutes of instruction.

Athletes increased their peak hip flexion angle by nine degrees and their peak

knee flexion angle by eleven degrees. Peak knee valgus values decreased

significantly by just over one degree. An increased landing time was noted after

receiving verbal instruction from the investigator, with an increase of 0.05

seconds.
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An additional benefit found in this study was that the athletes' peak jump

height was not adversely affected by the intervention. This should ease any

concerns coaches and athletes may have that performance needs to be

sacrificed in order to decrease their chance of injury.

These authors also could not identify a relationship between lower

extremity and trunk strength and the degree to which landing biomechanics were

altered with the intervention. This is a very positive finding of this study, as it

shows it is likely that any female athlete can benefit from jump landing training,

regardless of their muscle strength.

A recent volleyball specific study showed that after two minutes of

feedback verbally, Division I collegiate athletes were able to decrease their

vertical ground reaction forces by 23% while spiking a tossed volleyball (Cronin

et al., 2008). The instructions for proper landing technique included landing on

the forefoot and rolling to the rearfoot, landing evenly on both legs, and

performing knee flexion close to 90 degrees upon landing from the spike. Post-

intervention, the athletes were also able to increase the time taken from landing

on their forefoot to rolling back on their heels. The result was that after an

individual intervention, the athletes were able to decrease verlical landing forces

as well as spread the absorption of those forces over a longer period of time.

Medialilateral and anterior/posterior ground reaction forces remained unchanged

post-instruction, however the authors point out that their verbal instructions were

more specifically aimed at decreasing the vertical force of landing rather than

forces in the other planes of movement.
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Video feedback

Onate et al., (2001) found that augmented video feedback was superior to

sensory feedback or no feedback in terms of reducing peak vertical ground

reaction forces when landing from a jump in a group of college aged males and

females. ln the augmented group, peak vertical ground reaction forces were

decreased by approximately 0.8 bodyweight at both a two minute post-test and a

one week post-test. ln this study, augmented feedback consisted of two minutes

of viewing their jump attempts as the investigator reviewed with them a checklist

of desirable joint movements including normal knee valgus, forefoot to rearfoot

landing and knee flexion upon landing. This study included a one week post-

baseline test that presented the same findings as the two minute post-baseline

test, that is, the augmented group had significantly decreased peak vertical

ground reaction forces. The authors fail to say, however, if feedback was

provided at the one week re-test or whether the learning effect was a carryover

from the initial baseline test.

These same authors went on to establish the effect of various types of

video feedback on jump landing technique (onate et al., 2005). They divided

their subjects into three feedback groups; those that viewed an "expert" video of

the skill, those that viewed only themselves performing the jump landing, and

those that viewed a combination of expert and self video. The authors concluded

that when the subjects viewed themselves completing the skill, or a combination

of expert and self, they were able to decrease their peak vertical ground reaction

forces and increase their overall knee flexion angles significantly with immediate

re-testing and a one week re-test. There was no difference between the expert
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only group and the control group. This underlines the fact that an individual must

be an active participant in the learning process in order to retain new knowledge

and performance. The athletes benefited from watching themselves perform the

skill, rather than only an "expert" that they could not relate to.

More supportive evidence for video feedback has come recently from a

German study, which showed young elite table tennis players were able to

improve their technique more quickly and effectively by incorporating video

feedback into their training regime (Raab, Masters & Maxwell, 2005).

Over the years, some studies have shown video feedback to have no

benefit in improving performance. Two studies (Emmen, Wesseling, Bootsma,

Whiting and Van Wieringen, 1985; Van Wieringen, Emmen, Bootsma,

Hoogesteger & Whiting, 19BB) failed to find improved motor performance after

using video feedback in intermediate level competitors performing the tennis

serve as compared to traditional training. A similar study reviewing whether

video feedback would be beneficial in teaching trampoline skills to male youths

reported no significant difference between the intervention and control groups

(James, 1971).

Rothstein and Arnold (1976) reviewed the earlier video feedback literature

and found that less than half of the studies showed a positive result by using

video feedback rather than other more traditional forms of training. Their

suggestions for the attainmeni of the most favorable results using video feedback

include using it for a minimum of five weeks, giving verbal instruction along with

video replay to direct the athletes' attention to imporlant aspects of the skill to
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change, and that video feedback is perhaps most effective with athletes of

greater skill levels.
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thapter lll
Methods

DESCRIPTION OF STUDY

Female adolescent volleyball players from two separate high school teams

were videotaped pedorming five spike jump landing sequences, after hitting a

volleyball tossed by their coach. The athletes were 12 to 14 years of age and

had successfully tried out for and made their school volleyball team. One of the

teams served as a control group, only filmed at the beginning and at the end of

the study period, with no intervention offered to these athletes. At the initial

filming session, the intervention group demonstrated their spike jumps and then

viewed themselves on video performing the skill. As well, they received

feedback from the researcher on how to improve their landing technique to

prevent injury (Appendix E). This group of athletes was then filmed again

immediately after the feedback and on a bi-weekly basis for four weeks. The

study finished when the competitive volleyball season for the two teams ended,

which allowed for two follow-up filming sessions after the initial intervention. The

pre and post-intervention video was analyzed using Darifish film analysis

software to determine whether the intervention group improved their landing

technique with video and verbal feedback, whether there was sustained learning,

and whether the intervention group showed greater improvement compared to

the control group.
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Subjects

Nineteen female adolescent athletes from two Winnipeg area private

schools were the subjects for this study. Nine of the subjects came from one

school and consisted of the control group, receiving no intervention. The other

ten subjects consisted of the volleyball team from the other school and

comprised the experimental group for the study. All subjects were between 12

and 14 years of age and were selected to be a member of the Grade I volleyball

team at their respective school. The athletes were recruited via personal

communication between the investigator and the coach and school principal.

The athlete's hand dominance, number of years playing volleyball, and

age was recorded before the initial spike jumps were attempted. lnformed

consent (Appendix B) was obtained from the subjects' parents or guardians

before participation in this study. Ethics approval for the study was received from

the Education/Nursing Research Ethics Board at the University of Manitoba.

This age group was chosen for study based on the fact that the increased

risk for ACL injuries among females begins to appear at puberty (Shea et al.,

2004). Therefore it was considered important to conduct the study on the at-risk

population to determine if an intervention could be effective before injuries start

occurring. Private school athletes were chosen due to ease of access by the

investigator. They are less often approached for inclusion in research siudies

due to the smaller numbers of students enrolled in private versus public schools.

There is less bureaucracy as well, with approval from the principal and volleyball

coach required for inclusion in the study, instead of permission from a school

board, superintendent, principal and coach. Since all subjects were minors,
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informed written consent was obtained for all subjects from their parents or

guardians before the study began.

Test protocol

The two volleyball teams were filmed during regularly scheduled practice

times. A general introduction and description of the study was given to the

athletes at the start of their practice. Subjects then participated in the team's

warm-up, after which time filming of the athletes commenced. As each subject

was being filmed, the remainder of the team was engaging in practice drills as

planned by their coach.

Two pieces of tape were placed on the floor in the number four position on

the volleyball court, designating a start point and an end point for the spike

approach (See Figure 3.2). This was to ensure that the athlete's movements

were as directly in line with the cameras as possible, allowing accurate

biomechanical analysis. At the initial filming session, each subject in the control

group was filmed completing five successful spikes as the coach or assistant

tossed the volleyball. A spike was considered successful if the spike approach

and landing occurred within the tape marks on the floor and the ball passed over

the net and landed in the court. The subject completed the spikes at their own

pace, taking a rest break between trials as needed.

The athletes in the control group received no feedback, verbal or visual,

other than notification whether the spike had been successful or not. The initial

filming of the intervention group began exactly as for the control group.

However, after completion of five successful spikes, the athlete was shown the

video of herself performing the spike and landing. At the same time, the
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researcher reviewed a checklist of desired movements and positions for landing

safely from a jump (Appendix E). This included instruction to land on both feet

with their weight distributed equally between their feet, and using a toe to heel

landing pattern. The athlete was encouraged to land with deeper knee and hip

flexion at initial contact as well as an increased maximum knee and hip flexion

angle at the lowest point of the jump. lnstruction was given to the subjects to

concentrate on keeping the lower extremity aligned during the landing, ensuring

that the hips stayed over the knees, and the knees stayed over the toes. The

athlete was told to absorb the force of the landing instead of landing stiffly.

After reading out the checklist, the researcher directed the athlete's

attention to her video and specific positions relevant to her pedormance that

could be improved. Two of the athlete's successful spike jumps were shown to

her, once at full speed and once in slow motion, stopping at relevant frames that

illustrated where the athlete could improve on her jump landing performance.

The athlete was allowed time to ask questions in order to clarify the jump landing

instructions. The video and verbalfeedback was a two-way conversation with

the athlete. lt did not take a strictly didactic approach. After viewing the

videotape and hearing the instructional checklist, the athlete then repeated the

spike jumps, completing another five spikes successfully.

Filming of five volleyball spikes for each athlete was repeated once every

two weeks for the intervention group, with a reminder of good landing

biomechanics including a demonstration by the researcher at each subsequent

86



filming session. Figure 3.1 shows a visual representation of the filming timeline

for each group.

WEEK 0 2 4

Group filmed
Control

Control not
filmed

Control

lntervention (pre

and immediately
post-feedback)

lntervention lntervention

Figure 3.1: Outline of filming timeline.

The same camera set-up was used throughout each of the filming sessions.

Selder and Del Rolan (1979) suggested a positive change in per.formance after

six weeks of practice. There were only two subsequent filming sessions with the

intervention group, after two weeks and four weeks, as their competitive season

ended quite early and there was not enough time to extend the study to six

weeks as originally planned. After four weeks, both the intervention and control

groups were filmed again complet¡ng five successful spike jumps and landings.

After completion of the final filming, the data was analyzed with Dartfish

computer software to determine if there was a significant difference between

groups in terms of desirable landing mechanics. The intervention group was also

analyzed to determine if the correct landing pattern taught during the first filming

and intervention session was retained over the study period.

87



Filming protocol

The athletes were filmed using four digital camcorders; two Canon GL2

models, a Canon 2R500 and a Canon 2R700 One Canon GL2 was placed in

front of the athlete, approximately two meters from the end position of the spike,

on the opposite side of the net, to capture a frontal view of the spike approach

and landing. The other Canon GL2 was situated six meters to the left of the

athlete to capture the left side of the body during spike landing in the sagittal

view. The remaining two cameras were placed two meters behind the athlete's

start position, and six meters to the right, capturing the rear frontal view and the

right sagittal view, respectively. All cameras were affixed to tripods to ensure

they remained stationary for the duration of the trials. Before any spike trials

were begun, a meter stick was videotaped within the camera field by all cameras,

in order to act as a conversion factor for measuring distances when analysis was

undertaken.
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Figure 3.2: Camera set-up for videotaping spike jump trials.

Spike iump landing phases

lnitial touchdown

Landing from the spike jump was divided into two phases. The first phase

was initial touchdown, which was des¡gnated as the first frame of video in which

the athlete's foot came into contact with the floor. This may have been different

for the right and left legs if the athlete did not land evenly on both feet. ln that

case, the point of initial touchdown of the right foot was used for measuring

variables of the right lower extremity, and the point of initial touchdown of the left

foot was used to measure the variables of the left leg.
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Figure 3.3: Position of initial touchdown.

Position of maximum flexion

The second phase of the jump landing was the position of maximum

flexion. This was the position of maximum range of motion of the flexion

movement of interest reached by the athlete during the spike jump landing. For

example, the position of maximum flexion for right knee flexion was the frame of

video where the athlete reached maximum right knee flexion during landing.
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Figure 3.4: Position of maximum flexion of the right and left knee.

Variables Measured

From the video footage, key variables related to the jump landing were

measured to determine whether a significant difference existed between the

control and intervention groups, and whether there was retained learning in the

intervention group from week one to week four. lmportant variables as identified

in the literature for decreasing risk of injury during a jump landing included a

decreased amount of knee valgus, an increase in knee and hip flexion angle at

initial ground contact and at the position of maximum flexion, landing on two feet

versus one foot, landing on the toes and rolling to the heels, and a long stance

phase. (Appendix D).

Trunk flexion has been suggested to influence landing biomechanics of

the lower extremiiy, however there are conflicting reports on whether increased
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trunk flexion is positive (Blackburn & Padua, 2008; Shimokochi et al., 2009) or

negative (lreland, 2002). The review of literature in the preceding chapter offered

an overview of the existing evidence surrounding the suggested trunk position for

ACL prevention. Because trunk position may play an important role in landing

safely from a jump, this variable was measured and included in the analysis. The

athletes were not given any specific instruction as to which position to assume

with their trunk as they attempted their subsequent spike trials after instruction,

however the variable was measured. A complete list of measured variables can

be found in Table 3.1.
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Table 3.1: Variables measured during the volleyball spike jump landing.

BIOMECHANICAL ANALYS¡S FROM THE VIDEO FOOTAGE

Footage from the camera to the left of the athlete and from the anterior

view of the athlete was uploaded directly to a Toshiba laptop computer during

filming via the use of a two way interface. This tool allowed the simultaneous

capturing of the skill from two different angles and avoided the time needed to

download the individual trials from the videotape after filming. lt also allowed

immediate viewing of the video clips by the athlete and principal investigator.

The video footage from the additional two cameras was manually downloaded

into the Toshiba laptop computer after filming using the Dartfish computer

software.

Phase of
Landinq Skill

Variable Measured (units)

lnitial
touchdown

Right and left knee valgus (degrees)
Right and left knee flexion (degrees)
Right and left hip flexion (degrees)
Right and left ankle position (degrees)
Toe versus heel landing bilaterally
Two-foot vs. one-foot landing
Trunk flexion (degrees)

Position of
maximum
flexion

Right and left knee valgus (degrees)
Right and left knee flexion (degrees)
Right and left hip flexion (degrees)
Right and left ankle dorsiflexion (degrees)
Trunk flexion (degrees)
Anterior/posterior distance between the toe of the right foot and
the toe of the left foot (metres)
Medialilateral width of stance (metres)
Length of stance phase from initial touchdown to end of force
absorption bilaterally (seconds)
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Measurement of flexion range of motion in the extrernities

Dartfish computer software is designed for use in the field in practical

situations. As such, it is not often used in research studies. A common method

of kinematic measurement in a laboratory setting is via the use of multi-camera,

computer generated 3-D motion analysis software such as the Vicon motion

measurement system (http:/iwww.vicon.com). This type of instrumentation is

extremely expensive and not conducive to use outside a laboratory setting. All

studies found in the course of the literature review for this research project used

these complex motion analysis systems in a laboratory setting to examine the

biomechanics of the jump landing. since the purpose of this study was to

examine a practical situation, Dartfish was the computer software of choice.

"The accuracy and reliability of Dartfish is highly dependent upon camera

positioning, camera resolution, the distances of the objects from the cameras, the

angles of objects and movements with respect to the cameras, and the precision

with which the operator can visually identify and mark the positions" of the joints

in question (Abercromby, Thaxton, onady & Rajulu, 2000). camera set-up for

each filming session was undertaken solely by the principal researcher, so as to

guarantee consistency in camera placement and settings. This ensured the most

accurate collection of video possible.

Angular variables in the extremities in the present study were measured

using relative angles. This technique involved measuring the angle between the

long axis of one body segment and the long axis of the adjacent body segment at

the joint of interest. The measurement was taken using the 180 degree scale. ln

anatomical position, according to the 180 degree system, alljoints are in a
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pos¡tion of zero degrees. Any deviation from anatomical position is measured

and designated the joint angle (Hall, 2007). Angular variables were measured

using Dartfish software by the use of the angular measurement tool. Hip and

knee flexion were designated as a positive number for the purposes of statistical

analysis. Extension was designated as a negative number. Plantarflexion of the

ankle was measured as a positive number, and dorsiflexion as a negative

number. Hip, knee and ankle flexion angles were measured using the sagittal

view cameras. The camera with the best view of the variable of interest was

used. See Figure 3.5 for an example of knee angle measurement.

Figure 3.5: Knee flexion angle measured with the Dartfish angular measurement
tool, between a line joining the hip and knee joint centres (anatomical position),
and a line joining the knee and ankle joint centres.
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Measurement of trunk flexion range of ¡notlon

Trunk flexion was measured using the Dartfish angle measurement tool as

well. The trunk angle was measured as an absolute angle, between the long

axis of the trunk and the vertical axis. The angle was measured from a line

joining the ipsilateral hip and shoulder joints, representing the long axis of the

trunk, to a vertical line representing anatomical position. For the purposes of

statistical analysis, trunk flexion was designated as a positive number and trunk

extension as a negative number. See Figure 3.6 for an example of trunk flexion

measurement.

Figure 3.6: Measurement of trunk flexion angle using the vertical position as
anatomical position.

Measurement of knee valgus range of motion

The valgus knee angle was measured via the frontal view film footage

utilizing a technique developed by the present researcher. A straight line was

first drawn to join the ankle and hip joint on the ipsilateral side. A line was then
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drawn from the middle of the ankle joint to the center of the patella. The angle

between those two lines was measured, and designated the valgus or varus

angle of the knee. A valgus knee position was designated as a negative number

and a varus knee position was designated as a positive number. See Figure 3.7

for an example of knee varus/valgus measurement.

This new method of measuring knee varus/valgus was developed to suit

the real world situation in which filming took place. Another method of measuring

knee varusivalgus using Dartfish has been used in the past (Glass, Priest &

Hayward; n.d), however, it was developed for a controlled laboratory based study

and was not conducive to use in a real life sport situation. lf an athlete landed

with any amount of hip abduction, the measurement proposed by Glass and

colleagues was not valid. As seen in Figure 3.8, measuring the valgus angle of

the knee using a vertical line as reference does not accurately reflect the true

frontal plane position of the knee if the athlete is in hip abduction. The true

valgus angle can only be measured using a straight line between the hip and

ankle as a reference.
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Figure 3.7: Knee valgus measurement technique used in the current study. On
the left, the athlete has landed with 9.9 degrees of right knee valgus, while on the
right, the athlete has landed with 4.7 degrees of right knee varus. Knee valgus
was designated as negative and varus as positive during statistical analysis.

Figure 3.8: Measurement of knee valgus using the method developed by Glass
and colleagues (left) and using the method developed by the current investigator.
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Measurement of stance phase duration and one vs. two foot landing

The length of stance phase was determined by viewing the sagittal

camera footage and using the time tool within Dartfish. Timing began at the

instant of first contact with the floor, and ended at the position of maximum

flexion. Determining whether the athlete landed on one foot or two required a

combination of all camera views, depending on which camera had the best

vantage point for that particular trial.

Measurement of medial/lateral and anterior/posterior stance width
The distance tool was used to measure the medial/lateral stance width as

well as the anterior/posterior distance between the feet of the athlete. The

distance tool automatically calculated a conversion factor from digitizing of the

video clip of the meter stick taken during the filming session. Because the

camcorders were not moved during filming, the conversion factor provided an

accurate, efficient way to measure actual distances within the film clips using

Dartfish.

STATISTICAL ANALYSIS

The variables in Table 3.'l for the three best spike jump trials were

analyzed for each volleyball athlete. The "best" spike jump trials were chosen by

the quality of the video clips and the ability to visualize and measure the

variables accurately. Means and standard deviations for all variables for each

athlete were calculated using the Microsoft Excel software program. These

variables included trunk, hip and knee flexion, ankle plantarflexion/dorsiflexion,

knee valgus, duration of stance, medial/lateral stance width and anterior/posterior

distance between the toe of the right foot and the toe of the left foot (see Table
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3.1 for a detailed list of variables). An average value from the three best trials

was calculated for each continuous variable for each athlete and was combined

with the values for the other athletes to produce an overall mean for that

particular variable. That mean was then used to compare the variable across

time within groups as well as across groups.

Paired t{ests were used to compare the control group between their initial

filming session and finalfilming session. Twenty-one continuous variables were

analyzed in this manner, necessitating the use of a correction factor to decrease

the risk of a type I error occurring. A critical p value of 0.025 was chosen in order

to account for the increased chance of type I error with 21 individual tests being

conducted, but at the same time attempting to minimize the risk of a type ll error

occurring with the use of an overly strict p value (T. Hassard, personal

communication, April 7, 2009). Three categorical variables were also analyzed

for significance using a Wilcoxon signed rank sum test (Hassard, '1991). This is

a nonparametric test, which does not assume the data follow a normal

distribution. This test allowed the data to be analyzed in pairs, as each individual

athlete was compared between time one and time two. lt analyzed the difference

between the data at time one and time two, instead of the actual value of the

data at time one or time two. A numerical value was assigned to each of the four

possible outcomes of the three jump landing trials for each athlete. Zero denoted

that the athlete did not land on two feet for any of her trials. One was assigned if

the athlete landed on two feet once during her three landing trials. A two or a

three was assigned if the athlete landed on two feet twice or three times,
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respectively, during her three jump landing attempts. When analyzed in this

manner, the sample size, N, remained at nine. A p value of 0.025 was used,

along with the sample size, to determine the critical value of the Wilcoxon signed

rank sum test for each analysis.

A one-way repeated measures analysis of variance (ANOVA) was used to

compare the pre-intervention variable means with each of the three post-

intervention variable means to see if there was a significant change over time

within the intervention group. A repeated measures ANOVA was used because

the current study examined the same subjects' behaviour at different points in

time. Therefore, the means from each testing session were not independent of

each other, which is a prerequisite for using a standard one-way ANOVA. The

repeated measures ANOVA was beneficial because it allowed the removal of

variability due to individual differences. Because the leftover variability was

largely a result of the intervention only, the power of the study was increased.

The power of a study indicates the likelihood that the test will find a difference if

one exists (Hassard, 1991).

The independent variable in this study was the time post-intervention. A

separate one-way repeated measures ANOVA was completed for each

dependent variable, including knee, hip and trunk flexion and knee valgus at

initial ground contact and the position of maximum flexion. Table 3.1 lists all

dependent variables that were analyzed. Again, a critical p value of 0.025 was

employed in order to acceptably decrease the type I error while not being

excessively strict as to increase the chance of a type ll error occurring. lf a
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significant difference was found between times within the intervention group, a

Newman-Keul's (Hassard, 1991) multiple comparison post hoc test was utilized

in order to determine where the significant differences existed between filming

sessions.

Three categorical variables were compared within the intervention group

across time using a Friedman's test. This is an extension of the one-way

nonparametric analysis of variance (Hassard, 1991). Using this test allowed the

elimination of between-subjects variation. As a result, the comparisons between

subjects became more sensitive. Again, a p value of 0.025 was used, along with

the degrees of freedom, to determine the critical value for each analysis.

Friedman's test statistic follows a Chi square distribution and therefore Chi

square tables can be used to determine if the calculated Friedman's value is of

significance (Hassard, 1 991 ).

A two-way repeated measures analysis of variance (ANOVA) was used to

determine if there were any significant differences between intervention and

control groups from initialfilming session to final filming session. A p-value of

0.025 was used as the level of significance to determine if a true difference

existed between groups. lf a difference was found, a Newman-Keul's post hoc

test was employed to determine where the difference existed.

The three categorical variables were compared between groups using

Mann-Whitney U tests. This type of analysis allowed the comparison of

categorical data between the intervention and control groups at time one and

time two. All the results from the two groups were pooled and ranked from
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smallest to largest. The sum of the ranks from each group was then calculated.

The test value for the Mann-Whitney U test was calculated using the total rank

sum from each group as well as the size of the group. The test value was then

compared to a table of critical values to determine whether the groups differed

significantly. The critical value of the Mann-Whitney U test was identified using

the sample size of each of the two groups and a p value of 0.025.
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Results

Chapter 4 will outline the results from the statistical analyses performed on

the data collected from the control and intervention groups. Several key

differences were found across the two groups and across the four different

filming sessions. The age of the subjects and number of years' experience

playing volleyball are reported in Table 4.1. All subjects were in Grade I and

were members of their school's Grade 8 competitive volleyball team. All subjects

displayed right hand dominance.

Table 4.1: Descriptive characteristics of subjects

C""tr"l Cr"rp l"t.
N=9 N=l-O

Mean SD Mean SD

Age (years) 13.1 0.33 13.2 0.42
Volleyball
experience 1.9 0.6 1.8 0.63

(yea rs

COMPARISON OF MEANS AND STANDARD DEVIATIONS FOR THE
CONTROL GROUP AND INTERVENTION GROUP ACROSS TIME

The following section will present the means and standard deviations of all

measured variables of the two groups in the study over the four weeks of the

study period. Three trials of the jump landing were filmed for each athlete. The

variables of interest were measured using Darlfish software and an average for

each subject was calculated for each variable from the three trials. These

averages were then compared across time and across groups. The control
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group was filmed on two occasions; once at the beginning of the study period

and once at the end of the four week study period. The intervention group was

filmed a total of four times; before and immediately after the verbal and video

feedback session, two weeks after the feedback session, and four weeks after

the feedback session. ln this chapter, the means and standard deviations of the

variables for each group are presented separately across time, as well as

between groups over time. Variables are divided into those measured from the

initial touchdown phase and those measured from the position of maximum

flexion as discussed in the methods section. They are also divided into

continuous and categorical variables which are reflected by the different

statistical analyses that were undertaken for each type of data.

Control group across time

lnitial touchdown

Nine continuous variables were measured for the control group at the

moment of initial touchdown in the jump landing at time one and time two. For

the purposes of the following discussion, time one refers to the group's initial

filming session and time two refers to the group's finalfilming session. These

continuous variables, as well as the corresponding means and standard

deviations at time one and time two are reported in Table 4.2. All tests were

evaluated for significance at the p < 0.025 level, because of the number of

independent tests being conducted (21), and the associated increase in risk of a

type I error occurring. This level was chosen to acknowledge the increased risk

of type I error when multiple tests are done, but also to balance that fact with the
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increased risk of a type Il error which comes from an overly demanding p value.

Only one variable, right knee flexion at initial touchdown (see Figure 4.1), was

found to be statistically significant using this critical value, with a p value of 0.012.

This indicates that generally, the control group did not change in terms of their

lower body biomechanics from their initial filming session to their final filming

session as measured at the moment of initial touchdown. The control group's

average right knee flexion at time one was 21.65 degrees, and at time two it

decreased to 17.23 degrees (See Figure 4.2). This finding actually suggests that

the landing biomechanics of the control group may have deteriorated over the

study period.

Figure 4.1: Right knee flexion at the moment of initial touchdown.
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Table 4.2: Means, standard deviations and t-test comparisons of the measured
continuous variables for the control group at the moment of initial touchdown (* p
< 0.025).

Time L Time 2

Variable N=9

Mean SD

N=9

Mean SD p-value

Right ankle plantarflexion at
initial touchdown (degrees)

Left ankle plantarflexion at
initial touchdown (degrees)

Right knee flexion at initial
touchdown (degrees)

Left knee flexion at initial
touchdown (degrees)

Right knee valgus at initial
touchdown (degrees)

Left knee valgus at initial
touchdown (degrees)

Right hip flexion at initial
touchdown (degrees)

Left hip flexion at initial
touchdown (degrees)

Trunk flexion at initial
touchdown (degrees)

-26.87 17.88

-38.s8 5.05

21..66 7.31

24.1.4 9.40

-3.68 4.52

2.46 s.53

16.74 17.32

20.s6 9.99

-2.86 8.20

-35.3s 14.9I

-34.34 4.70

17.23 7.7r

22.33 12.73

-2.20 3.20

1.80 2.29

9.96 9.39

14.20 6.56

-8.27 3.76

0.318

0.091

0.0L2*

0.747

0.479

0.746

0.159

0.18s

0.095
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Figure 4.2: Right knee flexion at initial touchdown in the control group across
time (*p s 0.025).

Three categorical variables were measured at the position of initial

touchdown; landing on one foot versus two feet as well as landing heel first or toe

first on the right foot and left foot. A wilcoxon signed rank sum test was

performed for each of the three categorical variables. A paired test was chosen

because the same individuals were compared between the two filming sessions.

Summaries of the categorical variables are found in Tables 4.3,4.4 and 4.5. The

critical value for a sample size of nine and p of 0.025 was calculated to be s 4.

This determined that the calculated value from each of the three individual

analyses had to equal or be less than 4 in order for that variable to be considered

statistically significant. None of the three categorical variables were found to be

significantly different, indicating that the control group did not change their jump

landing technique between filming sessions.

108



Table 4.3: Number of times the control group athletes landed on two feet at time
one and time two (Not Significant (N S ))

Time 1 Time 2

I 12

Table 4.4: Number of times the control group athletes landed toe first on their
right foot at time one and time two (N S )

Time 1 Time 2

20 21,

Table 4.5: Number of times the control group athletes landed toe first on their left
foot at time one and time two (N.S.).

Time 1 Time 2

27 27

Position of maximum flexion

Twelve continuous variables were measured for the control group at the

position of maximum flexion during the jump landing. This was the point during

the landing at which the athlete attained her lowest position. The continuous

variables for the control group measured at time one and time two are reported in

Table 4.6. Using a paired t-test comparison and employing a critical value of p s

0.025, one of the continuous variables was shown to be statistically significant.

Left knee maximum valgus (see Figure 4.3) at both time one and time two were

actually varus angles, as they were positive numbers. At time one, average left

knee varus was 3.6 degrees, and at time two it increased to 11.84 degrees. This
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is a positive result in terms of injury prevention, because males, who have a

decreased rate of ACL injuries as compared to females, tend to land with a varus

knee position (Malinzak, Kirkendall & Yu, 2001; Kernozek et al., 2005).

Figure 4.3: Left knee varus at the position of maximum flexion in the control
group at time one (left) and time two (right).

110



van up at the posttton of max¡mum flexion l*o< 0.025
Time 1 Time 2

Variable N=9

Mean SD

N=9

Mean SD

p-value

Right ankle at max
flexion (degrees)

Left ankle at max
flexion (degrees)

Right knee at max
flexion (degrees)

Left knee at max
flexion (degrees)

Right knee max

valgus (degrees)

Left knee max

valgus (degrees)

Right hip flexion at
max flexion
(degrees)

Left hip flexion at
max flexion
(degrees)

Trunk flexion at
max flexion
(degrees)

Stance phase time
(seconds)

Anterior/posterior
stance (metres)

Medial/lateral
stance (metres)

13.09 13.45

17.44 7.47

62.65 15.99

6s.63 1.4.67

-8.71 9.03

3.60 6.91

42.13 29.27

45.39 26.62

6.65 1.6.24

0, L9 0.08

0.26 o.20

o.t20.34

15.65 9.42

21..06 5,68

60.46 8.27

66.15 12.30

-L1..94 9.28

'1t.84 8.27

38.41, 14.34

35.75 11.06

0.53 8.51

0.18 0.04

0.1,4 0.07

0.34 0.13

0.6s8

0.239

0.568

0.921

0.594

0.020*

0.634

0.263

0.242

0.373

0.049

0.968

Table 4.6: Means, standard deviations & t-test comparisons of the measured continuous
iables for the control qroup at the
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lntervention group comparisons across time

lnitial touchdown

The intervention group was analyzed using a one-way repeated measures

analysis of variance. The means, standard deviations and p values of the nine

continuous variables measured at initial touchdown for the intervention group

across their four filming sessions are reported in Table 4.7 . Significance was

determined using a value of p < 0.025 because multiple independent tests were

performed, however none of the nine variables were found to be significantly

different across filming sessions.
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Table 4.7: Means, standard deviations and p values of the variables measured at
initial touchdown for the intervention group across time.

Time 1 Time 2 Time 3 Time 4

Variable N=10 N=10 N=10 N=10
Mean
(sD)

Mean
(sD)

Mean
(sD)

Mean
(sD) f value p value

Right ankle
plantarflexion at
initial touchdown

(degrees)

Left ankle
plantarflexion at
initial touchdown

(degrees)

Right knee flexion at
initial touchdown

(degrees)

Left knee flexion at
initialtouchdown

(degrees)

Right knee valgus at
initial touchdown

(degrees)

Left knee valgus at
initial touchdown

(degrees)

Right hip flexion at
initial touchdown

(degrees)

Left hip flexion at
initial touchdown

(degrees)

Trunk flexion at
initialtouchdown

(degrees)

-39.64
(rr.42)

-46.29
(4.3e)

20.38
(10.s6)

15.98
(6.34)

-0.39
(1.2s)

0.07
(2.34)

19,88
(e.1s)

1.8.17

(8.73)

-4.50
(6.s0)

-39.53
(L4.43)

-42.22
(6.1s)

25.61,
(6.83)

21.92
(6.04)

-0.36
(3.37)

1.09
(2.30)

24.80
(13.s7)

23.31,
(11.e0)

-1..17

(8.60)

-39.09
(1o.oe)

-40.85
(e.84)

20.71.

(6.6e)

22.87
(8.4e)

-0.57

(2.se)

3.06
(s.s6)

23.85
(8.48)

25.38
(8.23)

0.88
(6.66)

-30.32
(L6.37)

-40.82
(r2.37)

28.55
(12.08)

24.89
(10.ee)

-0.93
(2.46)

0.69
(2.27)

30.99
(14.21\

24.74
(16.75)

3.78
(8.e1)

1_.29

2.12

2.03

2.97

0.11

1..62

1-.87

0.99

2.68

o.298

0.12!

0.134

0.050

0.953

0.208

0.L59

0.410

0.067
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Three categorical variables were measured at initial touchdown of the

jump landing for the intervention group. None of the variables were found to be

significantly different. However, the frequency of landing on one foot versus two

feet (see Figure 4.4) showed a trend towards a change over time in the

intervention group. lt appeared that subjects were more likely to land on two feet

at time one and three as compared to time two or time four. The summary of the

results for the measured categorical variables in the intervention group across

time can be found in Tables 4.8, 4.9 and 4.10.

The two foot
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Table 4.8: Number of times the intervention group athletes landed on two feet at
each filming session (N S )

Time 1 Time 2 Time 3 Time 4

20 L4 24 1.4

Table 4.9: Number of times the intervention group athletes landed toe first on the
right foot at each filming session (N S )

Time 1 Time 2 Time 3 Time 4

25 27 28 27

Table 4.10: Number of times the intervention group athletes landed toe first on
the left foot at each filming session (N S )

Time 1 Time 2 Time 3 Time 4

30 30 30 29

Position of maximum flexion

Twelve continuous variables were measured in the intervention group

across all four filming sessions at the position of maximum flexion of the jump

landing. The variables were statistically analyzed using a one-way repeated

measures analysis of variance. A p value of < 0.025 was used to identify

statistically significant differences between times. lf a variable showed

significance at the p < 0.025 value, a Newman-Keul's multiple comparison post

hoc test was completed to determine where exactly between times the

differences occurred. Three of the twelve variables were found to be significantly
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different across time in the position of maximum flexion. These included right

knee flexion, right ankle dorsiflexion and left ankle dorsiflexion. lt was found that

generally, flexion angles at these joints increased after verbal and video

intervention. Right knee flexion range of motion showed a marked increase at

time two, three and four over time one (Table 4.11).

Right ankle dorsiflexion increased from time one to time two, but then decreased

from time two to time three (Figure 4.6). Left ankle dorsiflexion range of motion

was largest at time two compared with time one, time three and time four (Figure

4.7). Table 4.11 presents a summary of the means, standard deviations and p

values of the continuous variables measured in the intervention group at the

position of maximum flexion across four filming sessions.
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Figure 4.6: Comparison of right ankle dorsiflexion at position of maximum flexion
between time one (left) and time two (right).
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Table 4.1l: Means, standard deviations and p values of the variables measured at the
position of maximum flexion for the intervention group across time (" f f - variable

means with the same symbol are significantly different at the p < 0 025 level).

Time 1 Time 2 Time 3 Time 4

Variable Nl=10 N=10 N=10 N=10
Mean
(sD)

Mean
(sD)

Mean
(sD)

Mean
(sD) f value p value

Right ankle dorsiflexion l-3.03*
at max flexion (degrees) (7.46)

Left ankle dorsiflexion at 14.36*
max flexion (degrees) (7.83)

Right knee flexion at 66.60.t+
max flexion (degrees) (7.15)

Left knee flexion at max 7I.89
flexion (degrees) (10.29)

Right hip flexion at max 42.23
flexion (degrees) (12.10)

Left hip flexion at max 44.10
flexion (degrees) (12.44)

Right knee max valgus
(degrees)

Left knee max valgus
(degrees)

Trunk flexion at max

flexion (degrees)

Stance phase time
(seconds)

Anterior/posterior
stance (metres)

Medial/lateral stance
(metres)

-4.39
(6.00)

L.99
(7.30)

-1..21.

(7.46)

o.t7
(0.03)

0.10
(0.10)

0.25
(0.06)

20.84*l
(8.3s)

24.18*t+
(6.s6)

94.91"
(12.00)

89.03
(12.es)

-4.97
(10.20)

3.86
(8,ss)

63.39
(2s.ee)

65.63
(2s.02)

8.93
(1s.43)

0.23
(0.07)

0.09
(0.06)

0.27
(o.oe)

12.64t
(6.48)

13.slf
(L0.87)

8s,48t
(1e.78)

86.71,

(1s.s4)

-3.94
(11.e6)

9.54
(13.30)

65.29
(28.31)

63.26
(27.7s)

1.1.42

(r2.44)

0.21,
(0.07)

0.10
(o,os)

0.24
(0.12\

17.27
(6.s1)

1s.34+
(e.2s)

8s.26+
(23.18)

86.39
(24.28)

-6.85
(8.ss)

5.82
(e.66)

69.60
(30.06)

s9.35
(18.78)

1.4.35

(1,4.04)

0.22
(0.08)

0.08
(0.03)

0.32
(0.0e)

3.78

3.51

s.38

2.O9

3.25

o.22

r,2s

3.39

3.08

2.43

0.34

1-.5

o.o22*t

o.o2*t+

o.oos*t+

0.035

0.88

0.31

0.032

0.13

0.044

0.09

0.80

o.24
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Figure 4.7: Comparison of left ankle dorsiflexion at the position of maximum
flexion in the intervention group across time (*, f, f symbolize variable means that
are significantly different at the p s 0.025 level).

Variables compared across groups

lnitial touchdown

Nine continuous variables measured at the moment of initial touchdown of

the jump landing were compared across groups using a two-way repeated

measures analysis of variance (Table 4.12). The statistical outcome of interest

was the presence of an interaction between group and time, indicating that the

groups actually differed from one another. lf an interaction was found, a

Newman-Keul's multiple comparison post hoc test was undertaken to determine

where the differences occurred. The control and intervention groups were

compared between time one, the initialfilming session, and time two, the final

filming session at the end of the four week study period. For the control group,

time two was actually the second time they were filmed performing spike jump

landings. For the intervention group, time two, as will be described during the
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two-way ANOVA results, was actually their fourlh time being filmed. These two

times are meant to represent the "before" and "after" scenarios which will help to

determine whether verbal and video intervention was effective in changing the

landing biomechanics of the intervention group. Trunk flexion at initial

touchdown (Figure 4.8) showed an interaction of main effects, with a p value of

0.016. Using a Newman-Keul's post hoc test, it was determined that the

intervention group and control group were significantly different at time two, but

not at time one (Figure 4.9). The control group at time two demonstrated an

average of 8.27 degrees of trunk extension, whereas the intervention group at

time two demonstrated an average of 3.78 degrees of trunk flexion. Table 4.12

summarizes the means, standard deviations and p values of the nine continuous

variables measured at initial touchdown.

Figure 4.8: Comparison of trunk position at the position of initial touchdown
between the control group at time two (left) and the intervention group at time two
(right).
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Table 4.12: Means, standard deviations and p values of the variables measured
at initial touchdown for both groups at Time 1 and Time 2 (- p s 0.025) (lnt.=
ntervention

Control
Group
Time 1

Control
Group
Time 2

lnt.
Group
Time 1

lnt.
Group
Time 2

f
value

p

value

N=9 N=9 N=L0 N=10

Variable Mean
(sD)

Mean
(sD)

Mean
(sD)

Mean
(sD)

Right ankle plantarflexion at
initial touchdown (degrees)

Left ankle plantarflexion at
initial touchdown (degrees)

Right knee flexion at initial
touchdown (degrees)

Left knee flexion at initial
touchdown (degrees)

Right knee valgus at initial
touchdown (degrees)

Left knee valgus at initial
touchdown (degrees)

Right hip flexion at initial
touchdown (degrees)

Left hip flexion at initial
touchdown (degrees)

Trunk flexion at initial
touchdown (degrees)

-26.87
(17.88)

-38.58
(s.0s)

21.66
(7.31)

24.1.4

(e.40)

-3.68
(4.s2)

2.46
(s.s3)

1.6.74

(r7.32)

20.s6
(e.ee)

-2.86
(8.20)

-3s.35
(14.e1)

-34.34
(4.70\

17.23
(7.71)

22.33
(12.73]|

-2.20
(3.20)

1.80
(2.2s)

9.96
(s.3s)

L4.20
(6.s6)

-8.27*
(3.76)

-39.64
(1_t.42)

-46.29
(4.3e)

20.38
(10.s6)

1_s.98

(6.34)

0.07
(2.34)

19.88
(e.1s)

18.17
(8.73)

-4.50
(6.s0)

-0.39
(1.2e)

-30.32
(1_6.37)

-40.82
(r2.37)

28.55
(12.08)

24.89
(10.ee)

-0.93
(2.46)

0.69
(2.27)

30.99
(1.4.21.)

24.74
(1.6.7s)

3.79*
(8.s1)

2.99

3.49

0.10

4.31

0.93

0.36

2.68

7.I8

4.86

0.08

0.75

0.054

0.101

0.3s

0.557

0.042

0.1.2

0.016"
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Figure 4.9: The interaction between group and time for trunk flexion at initial
touchdown(*ps0.025).

Three categorical variables were measured at the moment of initial

touchdown across groups and across time. Landing on two feet versus one foot,

and landing on heels versus toes for both the right and left feet were measured

and analyzed using a Mann-Whitney U test. This analysis showed that there

were no significant differences between the intervention and control groups at

time one or time two.

Position of maximum flexion

Twelve continuous variables were measured at the position of maximum

flexion of the jump landing and compared across groups using a two-way

repeated measures analysis of variance. Trunk flexion at maximum flexion (see
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Figure 4.10) produced an interaction, with a p value of 0.016. A Newman-Keul's

post hoc test was conducted and indicated that trunk flexion at time two in the

control group was significantly different than trunk flexion at time two in the

intervention group. Table 4.13 summarizes the means, standard deviations and p

values of the variables measured at the position of maximum flexion across

groups and across time.

Figure 4.'10:. Comparison of trunk position in the control group at time two (left)
and in the intervention group at time two (right).
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Table 4.13: Means, standard deviations and p values of the variables measured
at the position of maximum flexion for both groups at Time 1 and Time 2 (*p s
0.025) (lnt. = lntervention).

Control
Group
Time 1

Control
Group
Time 2

lnt.
Group
Time 1

I nt.
Group
Time 2

N=9 N=9 N=10 N=10
Variable Mean

(sD)

Mean
(sD)

Mean
(sD)

Mean
(sD)

r
value

p

value
Right ankle dorsiflexion at maximum

flexion (degrees)

Left ankle dorsiflexion at maximum
flexion (degrees)

Right knee flexion at maximum flexion
(degrees)

Left knee flexion at maximum flexion
(degrees)

Right knee max valgus (degrees)

Left knee max valgus (degrees)

Right hip flexion at maximum flexion
(degrees)

Left hip flexion at maximum flexion
(degrees)

Trunk flexion at maximum flexion
(degrees)

Stance phase time (seconds)

Anterior/posterior stance (metres)

Medial/lateral stance (metres)

13,09
(13.4s)

17.44
(7.46)

62.65
(1s,es)

65.63
(r4.67)

-8.71,

(e.03)

3.6
(6.e1)

42.r3
(2s.27)

45.39
(26.62)

6.6s
(16.24)

0.2
(0.08)

0.26
(0.02)

0.34
(0.1.2)

15.65
(e.42)

2t.06
(s.68)

60.46
(8.27],

66.15
(12.3)

-1.1..94

(e.28)

1.1.84

(8.27\

38.4L
(1.4.34)

35.75
(11.06)

0.53*
(8.s1)

0.L8
(0.04)

0.1.4

(0.07)

0.34
(0.13)

13.03
(7.46)

1.4.36

(7.83)

66.6
(7.1s)

71..89

(10.2e)

-4.39
(6.0)

1.99
(7.3)

42.23
(1,2.1)

44.1.

(r2.44)

-1.2r
(7.46)

0.17
(0.03)

0.L
(0.01.)

o.2s
(0.06)

17.27
(6.e1)

15.34
(e.2s)

85,26
(23.18)

86.39
(24.28)

-6.85
(8.ss)

s.82
(e.66)

69.6
(30.06)

68.63
(34.47],

l_4.35*
(r4.04')

0.22
(0,08)

0.08
(0.03)

0.32
(o.oe)

0.09

0.34

4,98

1,.75

0.01

0.7

4.49

4.64

7.23

5.67

2.57

4.22

0.77

0.57

0.04

0.2

0.91

0.41,

0.0s

0.046

0.016*

0.029

0.13

0.057
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ln order to better appreciate the interaction relationships between groups and

times, the variable found to have an interaction during the two-way analysis of

variance is illustrated in Figure 4.11.
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Figure 4.11= The interaction between group and time for trunk flexion at the
position of maximum flexion (* p S 0.025).

A number of significant differences were found between groups and

between times in the present study. They are summaüzed in the next section.
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SUMIMARY OF STATISTICALLY S¡G N I FICANT FIN DI NGS

Within the control qroup, between initial filming and final filming sessions

lnitial touchdown

1. Right knee flexion angle at initial touchdown decreased from 22

degrees to 17 degrees.

Position of maximum flexion

1. Left knee varus increased from 3.6 degrees to 11.84 degrees.

Within the intervention qroup. between all four filminq sessions

Position of maximum flexion

1. Right knee flexion increased from 67 degrees to 85 degrees

between time one and time two, three and four.

2. Right ankle dorsiflexion increased from 13lo 21 degrees

between time one and two, but then decreased from 21 to 13

between time two and three.

3. Left ankle dorsiflexion first increased from 14 to 24 degrees

between time one two, but then decreased from 24 degrees

to 14 degrees at time three and to 15 degrees at time four.

Between qroups and between initial and final filming sessions

lnitial touchdown

1. Trunk flexion (4 degrees of flexion) in the intervention group at

the final filming session was greater than that of the control

group (8 degrees extension) at the final filming session.
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Position of rnaximum flexion

1. Trunk flexion in the control group at time two was 0.53 degrees,

while in the intervention group at time two it was 14.35

degrees.
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Gå"{APTHR V
Discussion

INTRODUCTION

One purpose of this study was to examine whether jump landing

mechanics could be altered in adolescent female volleyball players using video

and verbal feedback. lt was important to identify whether the use of these types

of feedback was effective in altering landing biomechanics in order to help

coaches and other professionals who are involved with the development of these

young athletes. lt is common knowledge that ACL injuries are a real risk in

adolescent female volleyball players. lt was a goal of this study to give coaches

an effective, relatively simple method of helping their athletes avoid ACL injury.

An intervention group was filmed on four occasions; once before the

feedback session as well as three subsequent times. A control group was filmed

on two occasions, at the beginning and at the end of the four week study period.

The control group was included to help determine if just participating in a

volleyball season improved jump landing biomechanics or whether intervention

was required to cause that change.

The jump landing was divided into two key positions for analysis, which

included the moment of initial touchdown as well as the position of maximum

flexion. Variables measured during these two time periods wiihin the jump

landing skill have been extensively investigated by other researchers and have

been found to differ between males and females (Huston et al., 2001; Kernozek

et al., 2005; Schmitz et al., 2007). Because males experience far fewer ACL

injuries than females (Hewett et al., 2005), these biomechanical differences
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during jump landings are of interest to the sport community. A few of the

variables measured have been directly linked to an increased risk of ACL injury

(Hewett et al., 2005). These included knee valgus angles at both initial

touchdown and the position of maximum flexion as well as maximum knee flexion

angle.

Additional variables, such as duration of stance phase and stance width

and length were also analyzed using Dartfish video analysis software.

After the variables were measured, statistical analyses were pedormed to

identify any significant differences between groups and between times. The

control group was compared between the initial filming session and the final

filming session to determine if landing biomechanics changed solely due to

participation in four weeks of competitive volleyball. The intervention group was

compared between all four filming sessions to determine if the feedback

intervention was effective in eliciting a change in jump landing biomechanics.

The control and intervention groups were then compared between the initial

filming session and the final filming session. This helped to determine if the

feedback was an added benefit to the intervention group in addition to just

competing in a volleyball season.

CONTROL GROUP ACROSS TIME

lnitial touchdown

Of the nine continuous variables measured at the moment of initial

touchdown in the control group, only one was found to be significantly different

between time one and time two. This indicates that without an intervention which

emphasized proper jump landing biomechanics, the control group did not
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improve just by simply practicing and playing volleyball over the four weeks of the

study period. Magill (2001) defines learning as "a change in the capability of a

person to perform a skill....as a result of practice or experience." None of the

athletes in the present study had ever been exposed to jump landing training

either from coaches or by physical educators. They did not have exposure to

proper jump landing technique in order to gain practice or experience in the skill,

therefore it follows that they did not demonstrate a change in their capability to

perform the skill.

The one variable that differed between time one and time two in the

control group was righi knee flexion. The amount of knee flexion at the instant of

initial touchdown decreased from 22 degrees at time one to 17 degrees at time

two. This is a negative change in landing biomechanics in terms of ACL injury

prevention. A straighter knee at landing is deleterious for a number of reasons.

First, landing with decreased knee flexion decreases the amount of torque that

the hamstrings are able to produce because of a shorter moment arm in that

position (Figure 5.1a and 5.1b). Decreased torque production in the hamstrings

could therefore result in an increased anterior shear force of the tibia on the

femur, thus stressing the ACL (silvers & Mandelbaum, 2oo7).
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Figure 5.1a: Sagittal close-up view of the
flexed knee position (dashed lilre between
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Figu:re 5.1b: Sagittal close-up v¡ew of the moment arrn for the hanlstrings in a
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line between axis of rolation and line of action for the harnsTrirrgs).
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It has been found that in females, the hamstrings are not recruited as

strongly compared to males during some athletic tasks. Malinzak and colleagues

(2001) recruited 11 male and g female recreational athletes from a university

campus. The athletes completed running, side-cutting and cross-cutting tasks

while EMG information was recorded from the quadricep and hamstring muscle

groups. The female athletes consistently demonstrated increased quadriceps

activity and decreased hamstring activity compared to the male subjects. lf

females have the drawback of decreased hamstring recruitment to begin with, it

is in their best interest to increase knee flexion during athletic tasks in order to

take full advantage of a long moment arm. The longer the moment arm for the

hamstrings, the larger the potential for torque production.

Secondly, when the knee is in a relatively extended position, the ACL is

taut. When the knee is flexed, the ligament is on slack (Moore et a|.,2010). With

the ACL already strained in an extended position, the addition of another force

could be enough to exceed the capacity of the ligament. ln a small study of 20

university athletes, Mclean, Su and Van Den Bogert (2004) used mathematical

modeling to determine the forces involved with completing a side-step maneuver.

They found that sagittal plane forces only were not sufficient to rupture the ACL.

Only with valgus loading did the ACL reach the breaking point of 2000 Newtons.

ln another recent study (Withrow et al., 2006), cadaveric knees were loaded to

simulate a jump landing with and without a valgus torque. The results showed

that a position of knee valgus increased the strain rate within the ACL, bringing it

closer to its rupture point (withrow et al., 2006). The findings of these two
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studies suggest that the addition of coronal plane forces io a knee in a position of

extension can be injurious to the ACL.

Thirdly, a study by Huston and colleagues (2001) found that for every

degree decrease in knee flexion when landing, the vertical ground reaction forces

increased by about one percent. Relating that study to increased injury risk, a

study by Hewett and colleagues (2005) found that athletes who suffered an ACL

tear had demonstrated vertical ground reaction forces that were 20% higher than

those athletes who were injury free during testing of a drop landing task previous

to sustaining the injury.

The knee flexion at initial touchdown in the control group was similar to

values found by other researchers in athletes with no history of jump landing

training' The athletes in a study by Decker and colleagues (2003) demonstrated

22.8 degrees of knee flexion at initial touchdown. ln a study by onate and

colleagues (2005) the athletes demonstrated 21.5 degrees of knee flexion prior

to verbal and video feedback.

None of the three categorical variables measured at the instant of initial

touchdown in the control group were significantly different across time. About a

third of the athletes landed on one foot instead of two during the two filming

sessions. Although the number of feet contacted at landing was not found to be

significantly different over time, it suggests the fact that these athletes, and

perhaps this population as a whole, demonstrate less than ideal biomechanics

when landing. All the force of the landing must be absorbed through one limb

with a one foot landing, increasing the demand on that limb's muscles, joints and
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Iigaments. With a two foot landing, the force of the landing would be dispersed

between the two limbs, drastically decreasing the load compared to the one-foot

landing.

Position of maximum flexion
Of the twelve continuous variables measured at this point during the jump

landing skill, only one proved to be significantly different between time one and

time two. The frontal plane position of the left knee increased from 3.6 degrees

of varus at time one to 11.8 of varus at time two. Values in the literature for

maximal coronal plane position of the knee during a drop jump are varied,

however most studies have been conducted on university aged athletes,

therefore their relevance to the current study is questionable. Two studies found

that female athletes display significant valgus angulation of their knees during

landing. Chappell & Limpisvasti (2008) tested 30 female university athletes

completing a drop jump and found that their peak knee angle in the frontal plane

was 25 degrees of valgus. similarly, Blackburn et al., (200g) tested 40 adult

recreational athletes completing a drop jump. This group also demonstrated a

valgus knee position with landing, at 15 degrees.

Two additional studies also found valgus knee angles with landing,

however, to a lesser amount. Mizner et ar. (2008), in a study of 3T university

athletes, found a valgus angle of T.l degrees when the subjects landed from a

drop jump. Of particular interest is a study conducted by Pollard et al. in 2006.

These authors looked at the landing characteristics of 18 adolescent female

competitive athletes. The young athletes landed with 1.6 degrees of knee
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valgus. The athletes were between the ages of 14 and 17 and therefore the

results of this study are the most comparable to the current study.

Generally, in terms of ACL injury prevention, a varus knee position is

desirable. lt has been found by previous researchers that females, who have up

to eight times the number of ACL injuries (Hewett et al., 2005), exhibit more knee

valgus than males upon landing from a jump (Malinzak, Kirkendall & Yu, 2OO1).

Therefore, it is recommended that females attempt to land in a varus knee

position (Figure 5.2).

Figure 5.2: Unsafe bilateral knee valgus position (left); safe bilateral varus knee
position (right).

The current investigator did not expect to find an increased varus knee position

in the control group over time. Lacking any intervention on proper landing

mechanics, it was unexpected that this group would adopt a safer landing

strategy. However, the varus and valgus knee angle measurements in this study

must be interpreted cautiously. Because the angle to be measured in most

cases was quite small (<10 degrees), the position of the athlete upon landing

needed to be perfectly square to the frontal view camera in order to get an
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accurate measurement. These athletes were young and relatively inexperienced

and so lacked the coordination and motor control to land perfectly every time.

This sometimes resulted in having to measure knee valgus or varus from video

footage that was not perfectly aligned in the frontal plane.

The "real-life" situation of this study was another factor that contributed to

measuring knee frontal plane position from less than ideal video. The athletes

had to concentrate first on jumping up and hitting the volleyball and then think

about where they were going to land. Even though they were given tape marks

on the floor to take off from and land on, the athletes were unable to be

consistent in their jump landings, leaving the researcher an imperfect frontal view

from which to measure varus and valgus knee position.

Another possibility that could explain the increased varus knee angle in

the control group was the presence of a pre-existing anatomical varus alignment.

No pre-screening was done to measure the bony alignment of the athletes before

they pañicipated in the study. lt has recently been found that a pre-existing

varus alignment of the leg can cause a dynamic varus "thrust" during loading, in

which the lateraljoint line of the knee increases in width. Van de pol et al.,

(2009) discovered that with increased varus alignment, there was increased

tension on the ACL. Without further study, it is difficult to confidenfly state the

reason for the increased knee varus in the control group across time, and

whether that change was positive or negative.

The control group in the current study landed with an average hip flexion

of 35-45 degrees. Average hip flexion angles at the position of peak flexion
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found in previous studies include 40" (Blackburn &padua, 2008), 52' (Mizner et

al, 2008), 57' (salci et al., 2004), and 85' (chappell & Limpisvasti, 200g).

However, all of the studies used university aged subjects. Because the subjects

in the current study were significantly younger than any of the subjects in the

previous studies, they would likely have less muscular strength. Attaining a

lower, more flexed position when landing requires a great amount of strength. ln

a low, squat position, the quadriceps and gluteal muscles are in a lengthened

position, and therefore are contracting eccentrically. ln a lengthened position,

there is less cross-bridging of the actin and myosin filaments possible in the

muscle bellies, resulting in less force production (McArdle, Katch & Katch, 2000).

However the stretch on the soft tissues stores strain energy which can serve to

increase the force output to some extent. This difference in age, and therefore

strength level, is a possible explanation for the lower values of peak hip flexion

found in the current study as compared to previous studies.

INTERVENTION GROUP ACROSS TIME

lnitial touchdown

ln the literature, the average knee flexion values for women at initial

touchdown were 6 degrees (Blackburn & Padua, 2008), 23' (Decker et al., 2003),

and 30' (Chappell & Limpisvasti, 2008). Hip flexion values in the literature

ranged from 14' (Blackburn & Padua, 200s) to 55' (chappeil & Limpisvasti,

2008). The intervention group in the current study demonstrated an average

knee flexion angle of 16-28 degrees and an average hip flexion angle of 1B-31

degrees, which fall into the range found in previous studies. However, ankle

plantaflexion at initialtouchdown was markedly increased in the current study
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(40 degrees) compared to a previous finding of 21 degrees (Decker et al., 2003).

None of the continuous variables measured at the moment of initial touchdown

were shown to be significantly different over time in the intervention group. This

may have been due to the large variability that the athletes displayed in their

jump landing skill. This led to the calculation of an increased standard deviation

and therefore an increase in the calculated p value. The large variability was

directly related to their age and relative inexperience in playing volleyball. The

subjects were also at the age of puberty, when quick growth spurts can

negatively influence muscular coordination and therefore affect the performance

of a skill (Baechle & Earle, 2000).

The relatively small number of subjects in this study may also have

contributed to the lack of significant findings. ln viewing the video footage, it

seemed to the current investigator that many of the athletes in the intervention

group appeared to change their landing biomechanics after the intervention

session (Figure 5.3).

Figure 5.3: An athlete demonstrates a considerable change in jump landing
mechanics pre (left) and post (right) video and verbal feedback.
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Several variables measured at the instant of initial touchdown for the intervention

group increased by as much as 10 degrees afterthe intervention, butthis did not

translate into statistically different findings when analysis was undertaken.

The same video and verbal intervention was given to all subjects in this

study. Because not all individuals learn in exactly the same manner (Magill,

2001), this may have affected the results. When viewing the video footage,

some subjects displayed much more improvement in technique than others. The

subjects who did not appear to improve their jump landing technique perhaps

had the potential to improve, but did not respond positively to the type of

feedback they were given. Perhaps some subjects required written statements

regarding good landing technique, or a step by step demonstration and trial of

the technique in order to fully understand the new skill. Because not all the

subjects responded to the intervention in the same way, the subjects who

changed their technique significantly were "washed out" when statistical analyses

were undertaken.

One categorical variable, landing on one foot versus two feet,

demonstrated a tendency to differ over time in the intervention group. At time

three, 24 of the trial landings were on two feet, and 6 were on one foot. This was

quite different than the 14 landings on two feet and 16 landings on one foot at

time two and time four. There was no significant change between time one and

time two. lt was expected that there would be an increase in the number of two-

foot landings at time two, compared to time one.
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It seems plausible that the most two footed landings would be expected

immediately after the video and verbal feedback session, when the proper

landing instructions were fresh in the mind of the athlete. However, it appears

that the best performance by the athletes was at time three, which was two

weeks after the initial feedback session. This may reflect the result of having two

weeks to practice the proper jump landing biomechanics. The coach of the

intervention group stated that he reviewed the jump landing technique with his

athletes for a few days after the initial intervention, however, the education

dropped off as the priorities of the team changed (T. Falconer, personal

communication, Apnl 21, 2009).

However, at the next filming session at the end of the four week study

period, the positive effect was no longer present and the number of athletes

landing on two feet had decreased. This may have been because the

instructions and feedback the athletes received at week one had been forgotten

over the four week period. As well, no additional education was given during

practices between time three and time four, so the positive feedback ended. ln

hindsight, more time could have been spent by the investigator in teaching and

reviewing the proper landing technique over the four week period, rather than

requiring the coach to deliver the information. The coach was already busy with

planning and implementing the practices and did not need the extra task of

delivering feedback.

Position of maximum flexion

When viewing the video clips of the intervention group across time, it

appeared that there was an improvement in technique after the intervention. ln
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the right and left hip as well as the left knee, there was an increase of at least 20

degrees of flexion over time. As discussed previously, a more flexed position of

the extremities is desirable in terms of ACL injury prevention, as it decreases the

anterior shear force on the ACL and decreases vertical ground reaction forces.

However, because of the small number of subjects involved in this study, the

large variability of their performance, and the comparatively large number of

variables measured, some of these apparent improvements did not prove to be

sig n ificantly d ifferent over time.

Right knee flexion did significantly increase over all time periods. lnitially,

it was 66 degrees, and increased to 84, 85 and 8s degrees at time two, time

three and time four respectively. Left and right ankle dorsiflexion both increased

from time one (pre-intervention) to time two (immediately post-intervention). This

reflects the lower overall body position attained after intervention. The athlete

would have a difficult time achieving greater knee, hip and trunk flexion without a

simultaneous increase in dorsiflexion. Right ankle dorsiflexion then dropped off

significantly at time three, and left ankle dorsiflexion decreased significantly at

both time three and time four. Again, this may have been due to the passage of

time (Magill, 2001). The further in time from the initial intervention, the less of a

sustained learning effect the athletes demonstrated.

However, at time three and four, knee, hip and trunk flexion were

maintained in a more flexed state. It would make sense that a simultaneous

increase in dorsiflexion would occur as well. The fact that dorsiflexion was

significantly less at those time points suggests another cause for this movement.
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The only way to land in a deeply flexed knee and hip position and not have a

high degree of ankle dorsiflexion is to have excellent "squat" technique, similar to

sitting back in a chair (Figure 5.4). This movement pattern is taught extensively

in strength training exercises, to avoid the knees moving farther fonruard than the

toes (Rippetoe &Kilgore, 2005).

Figure 5.4: High degree of knee, hip and trunk flexion with minimal dorsiflexion
in a good squat position (left); knees protruding farther forward than the toes in a
poor squat position (right).

Keeping the knees directly over top or posterior to the toes is generally accepted

as being a safe squat position (Nordin & Frankel, 2005). Figure 5.5 (right) shows

a volleyball athlete in a superior squat position in time three, with less

dorsiflexion. The decreased dorsiflexion has allowed her to keep her knees

furlher back, over her toes. Her trunk, hip and knee flexion have all decreased

from time two (Figure 5.5, centre). However, the joints still show improvement

over time one (Figure 5.5, left). They are maintained within a range of motion

similar to that demonstrated by male athletes of 67 degrees of hip flexion and 80

degrees of knee flexion (Salci et al., 2004). Since male athletes have a much

decreased risk of ACL injuries, the position of this female athlete at time three

would still be considered a "safe" landing position.
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Figure 5.5: Squat landing position at time one (left), time two (centre) and time
three (right). A superior position exists on the right, with less dorsiflexion but with
safe landing mechanics maintained.

Considering this rationale, the fact that the athletes in the intervention group did

not sustain their increased dorsiflexion angle at the position of maximum flexion

over time is actually misleading. When initially considered, it would seem to be

detrimental, however it could actually indicate an improved landing "squat"

position.

VARIABLES COMPARED ACROSS GROUPS

lnitial touchdown

The control group and intervention group did not differ significantly at time

one, indicating that the groups were similar initially. This finding adds credibility

to the comparisons between the two groups and helps address concerns with the

design in which the subjects were not randomly placed in the control or

intervention group. Of the nine continuous variables compared at initial

touchdown, only trunk flexion was significantly different between groups at time

two. Right and left hip flexion as well as right knee flexion showed a tendency to

increase in the intervention group at time two compared to the control group at

time two. Again, in viewing the video footage subjectively, there appeared to be
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a difference between the two groups, with the biomechanics of the intervention

group seeming to improve after receiving verbal and video feedback. However,

because of the high degree of variability within the subjects and the relatively low

number of subjects, many of these differences were not isolated in the statistical

analyses.

Position of maximum flexion

The same trend occurred at the position of maximum flexion. Only trunk

flexion proved to be significantly different between the control group and

intervention group at time two. Many of the other joint angle variables, including

right and left knee flexion, and right and left hip flexion, were larger in the

intervention group at time two, but did not result in a significant difference after

statistical analyses were performed.

It is interesting that the only variable which proved to significantly change

over time between groups was trunk flexion. This is a variable which has not

been reported often in the literature, and there is conflicting opinion on whether

more or less trunk flexion during jump landing is desirable. Ireland (1999)

suggests that female athletes should maintain a normal lumbar lordosis to avoid

the dangerous "position of no return" that can lead to ACL injury. However,

maintaining a lumbar lordosis precludes using trunk flexion during the jump

landing. lt is the current investigator's opinion that trunk flexion should be

encouraged in order to cause increased flexion in the joints of the lower

extremities, as found by Blackburn and Padua (2007). ln that study, 40

physically active university aged subjects unden¡uent drop jump testing from a

height of 60 cm. Trunk, hip and knee kinematic variables were measured when
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the subject landed with their natural, "preferred" biomechanics. The task was

then repeated and the subject was asked to actively flex the trunk as they

landed. There was no instruction given regarding the positioning of the other

lower extremity joints. The authors found that as a result of flexing the trunk, the

knee and hip flexion of the subjects significantly increased. lncreased knee and

hip flexion are associated with a "safer" landing position, as discussed previously.

lncreased trunk flexion helps to decrease the force required of the

muscles to bring the body to a stop during a jump landing. By increasing the

range of motion over which the landing force is absorbed, the time that the

muscles have to stop the body's downward motion is increased. This situation is

described by the impulse-momentum relationship. Momentum is the quantity of

motion that an object possesses. ln the case of landing from a jump, the

volleyball athlete possesses linear momentum as she falls from the height of her

jump to the floor. The impulse-momentum relationship states that a change in

momentum is produced by the application of an impulse. An impulse is equal to

force times time. A change in momentum must occur in order to bring the body

to a stop during the jump landing. The impulse-momentum relationship is

represented by the following equation:

Ft=AM

Ft = mv1- mv¡

(M = momentum; m = mass, vt = final velocity; vi = initial velocity)

For example, a 45 kg athlete lands from a jump with an initial velocity of 2.45

m/s. Her final velocity is zero, as her downward motion is coming to a stop. lf it
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takes 0.18 seconds to bring the body to a stop, the force required of the muscles

would be:

F (0.18) = ¿5 (0) - 45 (2.45)

F = 612.5 Newtons

lf the athlete uses more trunk flexion to prolong the duration of the landing, the

force required of the muscles would be:

F (0.25) = 45 (0) - 45 (2.45)

F = 441 Newtons

Less force exerted by the muscles decreases the load on the body. ln terms of

ACL injury prevention, the decreased load on the quadriceps muscle is of most

interest. When the quadriceps contract with less force, there is less anierior

shear applied across the tibiofemoraljoint which decreases the stress on the

ACL.

A flexed trunk position can also decrease the quadriceps force during a

jump landing because it decreases the moment arm for the weight of the body

about the knee joint. ln an erect position, the perpendicular distance between

the axis of rotation and the line of force of the weight of the body is much greater

than in a flexed fon¡uard position (Figure 5.6). By having a decreased moment

arm, the torque created in a flexion direction about the knee is decreased. This

requires decreased torque production by the quadriceps in the extension

direction. As a result, there is decreased anterior shear force on the tibia and on

the ACL.
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Figure 5.6: The effect of trunk position on the moment arm (dotted line) for the
weight of the upper body (arrow). Erect landing position on the left, flexed
landing position on the right.

lncreased trunk flexion while landing from a jump can also help decrease

the vertical ground reaction forces the athlete experiences, which has been

linked to a decrease in ACL injury risk (Hewett et al., 200s). Flexing the trunk

causes the centre of mass of the entire body to move in a downwards direction

during the landing. The athlete who flexes her trunk more will displace her centre

of mass a larger distance downwards. This will have a direct impact on the

velocity and therefore the acceleration of the body's centre of mass as it comes

to a stop. Linear downward acceleration is important in this situation because of

the relationship of acceleration to force, as stated in

Newton's First Law (Force = Mass x Acceleration). The vertical ground reaction

force acting on the athlete landing from a jump is proportional to the mass and

acceleration of the athlete. lt can be calculated by determining the total
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magnitude of the forces present in the vertical (y) direction, and then subtracting

the weight of the athlete. Because there are only two vertical forces acting on

the system (body weight and vertical ground reaction force), this will result in the

determination of the ground reaction force. A sample calculation is included

below to illustrate the differences between an athlete who uses trunk flexion

during landing and one who does not.

Figure 5.7: Sample calculation of ground reaction forces (IFv = sum of the forces
in the verlical (y) directioh, vt= final velocity; v¡ = initial velociiy; Rv = veftical
ground reaction forces; W = bodyweight).

The centre of gravity of the two athletes in the example moved through

approximately the same displacement during the first 0.15 seconds of the jump

landing. However, the athlete in the example on the left landed with a "stiffer"

landing, with the downward movement arrested more quickly. Her CG initially

moved through its displacement rapidly, resulting in a larger initial velocity

compared to the other athlete. The CG of the athlete who used more trunk

flexion continued to move through its displacement at a fairly uniform pace,

Minimal trunk flexion on landinq

IFr=6¡¿,

IFr=mxvl-yi
tirne

IF = 52 kg x (-0 2 m/s- í-2.û nr.is))
0.15 s

IFr - 832 N

IF = Pn -'¡'¡

832 N = Rr.- (52 )r g-8 r m,,"szj

Rr, - :3¿i2 N

lncreased trunk flexion on landing

IFu=P¡¿,

IF:¡¡xvf-vi
til'ne

iF,r = 52 kg x (-0.6 mis - {-2.2 m,/s))

0..f 5 s

IF\, = 554 Nl

IF':Ry-W

554 N - Rv - (52x 9.81 rnisz)

Ry = 'lû64 N
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resulting in a larger final velocity as compared to the other athlete. The athlete

who used more trunk flexion continued to lower her CG even after the 0.15

second time frame was up, whereas the CG of the other athlete had already

reached its lowest point. The result of these differences is that the athlete who

used more trunk flexion experienced less vertical ground reaction force than the

athlete who landed with a stiffer landing. The vertical ground reaction force

experienced by the athlete who completed the stiff landing was 2.6 times

bodyweight, whereas the verlical force experienced by the other athlete was 2.1

times bodyweight.

The erector spinae muscles situated on the dorsal aspect of the trunk can

control trunk flexion eccentrically when landing from a jump. When landing with

slight flexion, there is a flexion moment created about the lumbosacraljunction.

This is due to the force of gravity acting downward on the trunk. ln order to

control the descent of the trunk and resist the tendency of gravity to cause

flexion, the erector spinae muscles must contract while lengthening. The athlete

must possess excellent trunk strength and coordination to be able to allow this

eccentric contraction.

Often in volleyball, the athlete lands vertically upright or in a position of

trunk extension because of the nature of the game. ln this case, she will have to

concentrically contract her abdominals in order to achieve the benefits of trunk

flexion. The trunk muscles that could help with flexion are the rectus abdominus

and external oblique muscles. These are large, broad muscles spanning the

anterior and lateral abdomen from the pelvis to the ribs. Because of their size
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and orientation, they have the potential to very forcefully flex the trunk upon

landing from a jump (Figure 5.8).

Right external
oblique Rectus abdominus

Figure 5.8: Frontal view of the abdomen, showing the orientation of the rectus
abdominus and external oblique muscles.

The external oblique muscles must contract simultaneously to produce trunk

flexion. lf they contract independently of one another, they will produce

ipsilateral side flexion and contralateral rotation.

All trunk muscles, in order to exerl influence on body position, require the

pelvis to be fixed and stable (Moore et al., 2010). This includes the muscles that

can act to cause trunk flexion, or those that control the eccentric contraction of

the erector spinae. This requires coordinated contraction of the stabilizing trunk

and hip muscles to create a rigid platform of the pelvis. The transverse

abdominus, internal oblique, multifidus and gluteal muscles are some of the more
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important muscles that have a strong stabilizing effect on the pelvis, and are

often referred to as the "core" muscles (Rippetoe & Kilgore, 2005). Their vital

role emphasizes the need for comprehensive core strengthening programs for all

athletes who need to safely execute jump landing on a regular basis. Without a

strong core, the athlete is not able to stabilize the pelvis, which decreases the

benefit that may be gained from increasing the magnitude of trunk flexion when

landing.

A strong core, including the gluteal muscles, is also vitally important for

controlling the position the lower extremities assume upon landing from a jump.

Dugan (2005) discussed the important role the proximaljoints and muscles can

play in determining whether the leg will enter the "position of no return". The

gluteus medius and gluteus minimus muscles are the primary abductors of the

hip joint (Moore et al., 2010) (Figure 5.9).

Gluteus medius

.: . a : 4...: :.. :t :. .:...:..: a,::..a.:,,a1;:,:a.:.a;a.,4.,a:)

, ::,: :a::.1 :a : a a t::. : ::a.: : i:4:t¿ i :,, l::t a

abductor muscle of the hip.

:

Figure 5.9: Lateral view of the primary
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Upon landing from a jump, if they are not sufficiently strong, the pelvis will sag

downwards and the hip will adduct. This is easiry identified using the

Trendelenburg test (Figure 5.10) (Prentice, 2009). By asking the athlete to stand

on one leg, it can be observed whether the contralateral hip drops downward,

indicating a weak gluteus medius muscle on the stance leg.

F¡9ure 5.10: Negative Trendelenburg test (left); positive Trendelenburg test
(right) indicating weak hip abductors on the left.

This test could easily be done on a routine basis at the beginning of the volleyball

season to identify those individuals who may be at increased risk of ACL injury

due to weak hip abductors. A preventative strengthening program could then be

put in place to address the deficits.

The adducted position of the hip sets up the lower extremity to enter a

dangerous position of an internally rotated, adducted hip and externally rotated,

valgus knee (Figure 5.11).
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Figure 5.11: Anterior view of the position of no return (Reprinted with permission
from lreland, 1999).

The athletes in this study adopted a more forward flexed posit¡on of the

trunk after an intervention sess¡on which did not refer directly to trunk flexion as a

movement to modify (see Appendix E). This suggests that the athletes

independently altered this body position to help them to attain the desirable

movements reviewed during the intervention, which included increased knee and

hip flexion, decreased knee valgus, and landing evenly on two feet. Blackburn

and Padua (2007) found evidence to support the coupling of trunk and lower

extremity movements in their study. When asked to purposefully attain more

trunk flexion on landing, the knee and hip flexion of the athletes in the study

increased at both the instant of initial touchdown and at the position of maximum

flexion. This lower, more flexed position is a position that puts the ACL at less

risk of injury and so should be encouraged in any athlete who is required to land

from a jump during participation in their spor1.
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There have been many studies that have looked at the effects of

neuromuscular training programs on jump landing biomechanics (Lephart et al.,

2005; Myer et al., 2005; Myer et al., 2008) and in preventing ACL injury

(Mandelbaum et al., 2005', Myklebust et al.; 2003 petersen et al., 200s). All of

these prevention programs included exercises to improve the function of the

trunk and gluteal muscles. They used a variety of exercises, with some of the

researchers focusing on a combination of strength and agility. Myer et al., (2005)

included such exercises as squats, leg curls, and various jumping and bounding

sequences. The emphasis was on landing softly and the exercises progressed

from two leg to one leg jumps to increase the intensity. Mandelbaum et al.,

(2005) also used jump training, including lateral and fonruard hops, to improve

agility. ln addition, the athletes in their study did strength exercises such as

walking lunges and toe raises. A further study reported by Lephart et al., (2005)

included single and double leg fonrrrard hops and double leg backward hops.

Other studies focused on proprioception and balance (Myklebust et al.,

2003; Petersen et al., 2005). The tasks in these studies involved balancing on a

wobble board, maintaining balance on one leg while an external perlurbation was

applied, and balancing on a balance board while throwing and catching a ball.

ln a recent study, Myer et al., (2008) proposed that a lack of trunk control

as a result of a growth spurl at puberty may be the underlying cause of the

detrimental lower extremity biomechanics seen in young female athletes. They

outlined a neuromuscular training program that emphasized trunk and hip muscle

development and control. They suggested that training the proximaljoints and

154



muscles could correct most of the poor biomechanics that are observed more

distally, especially at the knee.

To ensure that the trunk flexion demonstrated by the athletes in the

current study is actually effective in decreasing vertical ground reaction forces,

the pelvis must be suitably stable and controlled by the core muscles. Without a

strong stable platform, the external obliques cannot function correctly to produce

forceful trunk flexion. The evidence from the current study suggests that the

trunk plays a larger role than previously thought in improving jump landing

biomechanics. coaches, strength and conditioning specialists, and sport

medicine professionals must consider this evidence and incorporate appropriate

injury prevention methods whenever possible in order to bring ACL injury rates to

an acceptable level.
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CþIAPTER Wå

Sumrnary, Conclusions & Recommendations

SUMMARY

The rate of ACL injury in females is much higher than in males. The

reasons behind this disparity are many, and include anatomical, hormonal and

biomechanical factors. The interrelationship between these factors is the subject

of many studies, as research attempts to explain why females are at greater risk.

The eventual goal is to put effective preventative measures into place so that

females can avoid this devastating injury.

lncreased hip and knee flexion and avoiding a knee valgus ("knock-

kneed") position have been described as a "safe" landing position (lreland, lggg).

Young females tend to land from a jump in a more erect, extended position, with

excessive knee valgus as compared to males. This is suggested to put them at

increased risk of ACL injury. The purpose of the present study was to examine

whether using verbal and video feedback could improve spike jump landing

mechanics in adolescent female volleyball players. lf proven effective, this would

provide an efficient, inexpensive method of injury prevention that coaches could

easily implement into their training sessions.

A control group was analyzed to fulfill the secondary purpose of the study.

This was to determine whether parlicipating in a competitive volleyball season

was enough to improve jump landing technique, without the benefit of feedback.

Kinematic data was collected from a total of 19 subjects. The intervention

group that received verbal and video feedback consisted of ten female volleyball
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athletes from a private school in Winnipeg, Manitoba. The other nine subjects

that comprised the control group and did not receive intervention were from an

alternate private school in the same city. All subjects were members of the

Grade I volleyball team at their respective school.

The athletes were filmed using a four camera set-up while participating in

regularly scheduled volleyball practices. The cameras captured the frontal and

sagittal views of the athlete. The video was uploaded into Dartfish analysis

software via a Toshiba laptop. The intervention group was filmed four times over

a four week period, while the control group was only filmed twice.

Twenty-four variables were measured at various points during the spike

jump landing skill. Nine continuous kinematic variables were measured at the

point of initial touchdown. Three categorical variables were also measured at

this point during the skill and included two foot versus one foot landing and toe

versus heel landing. The same nine continuous variables were then measured at

the position of maximum flexion. Three additional variables were also measured

at this point in the skill and included the stance phase time, anterior/posterior

stance width and medial/lateral stance width.

Each group was compared separately over time to determine whether

there was any change in jump landing biomechanics with practice. ln addition,

the two groups were compared to each other at time one and time two to

establish whether receiving verbal and video feedback was more effective in

changing technique compared to participating in a volleyball season. The

variables were statistically analyzed using t-tests, one-way and two-way repeated
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measures ANOVA tests, Wilcoxon signed rank sum tests, Friedman's tests and

Mann Whitney U tests.

RESULTS

Using paired t-tests, only one variable was found to be significantly

different between time one and time two within the control group. This indicated

that their jump landing biomechanics remained relatively unchanged throughout

the volleyball season. ln the absence of any video or verbal feedback regarding

their landing technique, the members of the group did not change the way they

functioned. However, right knee flexion decreased by approximately 5 degrees

between time one and time two. This suggested that the landing technique of the

control group worsened slightly over the study period. For ACL injury prevention,

increased knee flexion is encouraged and desirable (Hewett et al., 2005; Salci et

a1.,2004).

At the position of maximum flexion during the jump landing, one variable

was found to be significantly different at time two as compared to time one. The

frontal plane position of the left knee at time two increased by eight degrees of

varus. This was an unexpected finding, as a varus angle of the knee is

advantageous in terms of ACL injury prevention (lreland, 1999; Kernozek et al.,

2005). Since this group did not receive the benefits of verbal and video feedback

on avoiding ACL injury mechanisms, it was not expected that they would actually

improve their jump landing biomechanics. However, as noted in the discussion,

there were a number of factors that may have contributed to an overestimation of

the varus angle in the control group. Among them were camera placement and

pre-existing anatomical varus angulation of the lower extremity.
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None of the nine continuous variables measured at initial touchdown in the

intervention group were found to be significantly different over the four filming

sessions when a one-way repeated measures ANOVA statistical analysis was

performed. Some of the flexion variables increased by as much as ten degrees

but were not found to be significantly different when the adjusted p value of 0.025

was applied. when subjectively viewing the video, the intervention group

appeared to improve their jump landing technique. But with the small number of

subjects and relatively large variability, the variables were not found to be

sign ificantly d ifferent.

Three categorical variables were measured at this point during the jump

landing skill, however none were found to be significantly different. The athletes

appeared to land more frequently on two feet at time three than at time two or

four, but this did not reach significance with p < 0.025.

Three of the continuous variables at the position of maximum flexion were

found to be notably different over time in the intervention group. Right knee

flexion increased by 20 degrees at time two, three and four over time one. This

flexed position of the knee will help to decrease the strain on the ACL, and

therefore the risk of injury to the structure. lt is a beneficial alteration in landing

biomechanics, brought about by the verbal and video feedback offered to this

group at the beginning of the study period.

Right and left ankle dorsiflexion both increased at time two as compared

to time one. Then, dorsiflexion of the right ankle decreased significantly between

time two and time three. Left ankle dorsiflexion decreased significantly at both
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time three and time four. Generally, less dorsiflexion would suggest that the

athlete did not achieve as low a position at time two or three. However, hip, knee

and trunk flexion angles were relatively maintained in a flexed position at time

two and three. This suggests that the athletes adopted an improved "squat"

position upon landing, whereby they achieved a low, flexed position while

keeping their knees behind their toes. This resulted in decreased dorsiflexion,

but maintained knee, hip and trunk flexion at time two, three and four.

The intervention group and the control group differed significantly at time

two in terms of the amount of trunk flexion present during the jump landing. The

control group landed with an average of eight degrees of trunk extension,

whereas the intervention group landed in four degrees of trunk flexion. Trunk

flexion was not a variable that was specifically mentioned in the checklist that

was read aloud to the athletes during their feedback session. They adopted the

trunk flexion position in response to instruction to get lower during the jump

landing. Trunk position is not often cited in the literature as a variable to adjust

for the purpose of avoiding ACL injury. However, the trunk has the potential to

make a large contribution to ACL injury prevention, as indicated in the discussion

section of this paper. lt makes up a large proportion of overall bodyweight and

therefore cannot be ignored.

Again, the only variable that showed significance at this point in the skill in

the present study was trunk flexion. The control group possessed less than one

degree of trunk flexion at time two, compared to 14 degrees of flexion at time two

in the intervention group. This increased trunk flexion should assist in
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decreasing ground reaction forces during the jump landing, which have been

associated with an increased risk of ACL injury (Hewett et al., 2005). Having

increased trunk flexion also decreases the force required by the quadriceps to

land from a jump. Decreased force requirements results in a decreased anterior

shear force across the knee. This helps to decrease the strain on the ACL and

therefore the risk of injury to this structure.

overall, the changes in jump landing biomechanics brought about by

verbal and video feedback were positive in terms of ACL injury prevention. The

video of the intervention group athletes suggested that they improved their

landing technique during the four weeks of the study. Because of the small

number of subjects and the large variability between subjects, many of the

measured variables failed to show significance when statistically analyzed.

CONCLI.JSIONS

Based on the results of this study, the following conclusions can be drawn:

1. Participating in a competitive season of volleyball as a member of a Grade I
school team does not change jump landing biomechanics either in a

positive or negative manner.

2. A one-time verbal and video feedback session seems to result in the visible

improvement of some variables during the spike jump landings of

adolescent female volleyball players over a four week time period.

3. Knee flexion increases as a result of video and verbal feedback instructing

athletes to land in a more flexed position.

4. Ankle dorsiflexion changes as a result of video and verbal feedback instructing

athletes to land in a more flexed position. lnitially it increases as the
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athlete attempts to attain a lower position upon landing. However, as the

athlete becomes accustomed to executing a lower squat position when

landing, dorsiflexion decreases and the hips and knees flex while staying

posterior to the toes.

5. Although not significantly different over time, it appears that athletes who are

focusing on landing with increased flexion of their lower extremities may

achieve that goal at the expense of landing on two feet.

6. When instructed to land from a jump with increased flexion of the lower

extremities, athletes appear to concurrently flex their trunk as well. This

may be an indirect mechanism which helps them achieve increased knee

and hip flexion. Conversely, this may be a positive result of the knee and

hip flexion which further serves to decrease the forces on the AcL.

RECOMIVIENDATIONS

A number of recommendations are suggested for any future studies that

investigate the effects of verbal and video feedback on jump landing

biomechanics in female adolescent volleyball players.

1. Future studies should include more subjects in order to increase the power of

the study.

2. lmproved measurement techniques need to be developed to accurately and

reliably measure knee motion in the coronal plane while using Dartfish

analysis software. Employing additional cameras as well as the use of

joint markers may be of benefit in future studies.
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3. Placement of subjects into intervention and control groups could be

randomized in future studies to decrease the effect of coaching on the

results of the study.

4. More detailed monitoring of the amount of time dedicated by the coach to

learning and practicing landing technique would give an indication as to

the time commitment required to improve technique.

5. Future studies could include younger subjects to determine whether feedback

intervention would be effective at an earlier age.

6. An overhead camera could be used in future studies to capture motion in the

transverse plane. For example, internal rotation of the hip has been

described as an unsafe landing position (lreland, 1999).

7. Statistical analysis of each individual athlete over time may offer more

information to coaches than comparing groups. Criteria for a meaningful

change in performance could be set to determine the effectiveness of the

intervention. For example, "if there is a within-subject change of 10% over

time, in at least 80% of the subjects, the interuention will be considered

successful". This information would allow coaches to determine which

athletes respond to which types of feedback, and make modifications if

necessary.

COACHING RECOMMENDATIONS

Because jump landing training is currently not extensively available in

Manitoba, any mention of the topic by coaches to young athletes would be

beneficial. Jump landing training has been proven in the literature to decrease

163



the rate of ACL injuries in female athletes and should be employed much more

frequently than it currently is. Every coach involved in sports that require jumping

and landing skills can and should demonstrate proper landing technique to their

athletes. lmportant points to include are the following:

1. Landing on two feet is preferential to landing on one foot.

2. Land with the knees, hips and trunk significantly flexed. Close to ninety

degrees of hip and knee flexion is desirable.

3. Continue the jump landing into a deeply flexed position until the body comes to

a stop. Do not end the landing early just to get out of the way of the next hitter or

to retrieve the ball.

4. Land with a toe to heel motion of the feet.

5. Keep the knees in line over the toes. Do not let the knees sag inward into a

valgus (knock-kneed) position.

6. Land softy, not stiffly. Try to absorb the force of the landing by flexing your

joints on contact with the ground.
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Intervention Group Gonsent Form

Research Project Title: Modifying Jump-Landing Biomechanics in Female Adolescent
VolleyballAthletes using Video and Verbal Feedback.

Researcher: Joanne Parsons, BMR(PT), cAT(c); Dr. Marion Alexander, advisor

Sponsor: Manitoba Heath Research Council

This consent form, a copy of which will be left with you for your records and
reference, is only part of the process of informed consent. lt should give you the
basic idea of what the research is about and what your participation will lnvolve.
lf you would like more detail about something mentioned here, or information not
included here, you should feel free to ask. Please take the time to read this
carefully and to understand any accompanying information.

Purpose of the Study:
The purpose of this study is to examine the technique of female volleyball

players, in order to determine whether spike landing technique can be altered using
video and verbal feedback.

Summary of Study:
The volleyball athlete will be filmed performing volleyball spikes on four separate

occasions, during regular practice time at the athlete's home gymnasium, using filming
equipment from the Biomechanics Laboratory in the Faculty of Kinesiology. Prior to fiiming, the
athletes will go through their regular warm-up drills and then the filming procedures will be
explained. The athletes will be asked to perform five spikes as normally would be undertaken
in a practice situation, and the technique will be filmed. The athlete's coach will toss the
volleyballs for the athlete to spike during the filming. Some verbal and video feedback will then
be given to the athlete regarding how the landing from the spike can be altered. The athlete
will then be asked to repeat five spikes and improve their technique while being filmed. The
spike skill will be re-filmed every two weeks, for a six week time frame. During the two week,
four week and six week follow-up filming sessions, the athletes will only perfoim five spike
jumps while being filmed, with no instruction or feedback. The initial filming session w¡ll last
approximately 1.5 hours, with each athlete taking about 1O minutes to complete the spikes and
receive feedback. At subsequent filming sessions, each athlete will need about five minutes to
complete their spikes, for a total of approximately one hour filming duration. lnformed written
consent for the study must be given by the athlete's parent or guardian prior to filming. All
filming procedures will be organized and administered by the principal investigator 11.e.¡.

Four Canon video cameras will be used to film the athletes. The principal investigator
will inform and guide them on what skills to perform at what time. The cameras will contiñue to
film until all of the skills of interest have been per-formed

When all filming sessions are completed, the videos will be analyzed by the principal
investigator working on the project. The types and ranges of motion during each filming session
for each athlete, as well as selected distances and times will be described. Still imageé from
the video may be used within the researcher's written Master's thesis as well as the ôral thesis
defense; however the identity of the athlete will be concealed.
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Risk:
There is no additional risk involved in this study, as the athletes will perform the skills as

would normally be performed in a practice situation. The cameras will be out of the way, and
will not interfere with performance of the skills. As with any physical activity, there is a risk of
injury with participation. Because the athletes will be performing skills as they normally would
during a practice, it is felt that the risk to them is not any greater than during a regular volleyball
practice. Ihe equipment will be situated as far away as possible from the athlete as they
perform their spikes. At least one additional graduate student will be present for the filming
sessions, providing supervision along with the principal investigator.

Some people feel increased emotional stress when they know they are being
videotaped. lt will be explained to the subjects that they can withdraw from the study at any
time, even if they have given consent to participate, with no penalty or repercussion.

Benefit:
By participating in this study, coaches and athletes may learn improved landing

techniques that will decrease the athletes' risk of injury.

Confidentiality:
The film will be viewed only by the researchers involved in the study, the

coaches, and by the athletes in the study. The data derived from the film will be available to
the coaches and athletes after the study is completed in order to help to improve performance.
The videotapes and all of the research data will be kept in a locked cabinet in the
Biomechanics laboratory at the University of Manitoba. No one will have access to the films or
data except the principal investigator and the graduate advisor. All forms containing the
athlete's name or video clips taken from the videotape will be tagged with an identification
number to protect identity. All video clips taken from the videotape will be stored on a laptop
computer that is password protected, with only the principal investigator having access. All
data from the study will be destroyed after the master's thesis has been successfully defended.
Still images from the video may be used within the researcher's written master's thesis as well
as the oral thesis defense; however the identity of the athlete will be concealed.
The name of the school, the volleyball team and the athlete will not be used in the
master's thesis to further protect identity.
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Signature:
Your signature on this form indicates that you have understood to your
satisfaction the information regarding participation in the research project and
agree to participate as a subject. ln no way does this waive your legal rights nor
release the researchers, sponsors, or involved institutions irom thãir legal and
professional responsibilities. You are free to withdraw from the study at any time,
and/or refrain from answering any questions you prefer to omit, with-out pre¡udice
or consequence. Your continued participation should be as informed as your
initial consent, so you should feel free to ask for clarification or new informátion
throug hout your participation.

This research has been approved by the Education/Nursing Research Ethics
Board at the University of Manitoba. lf you have any concerns or complaints
about this project you may contact any of the persons i¡steO below or the HumanEthics secretariat, Maggie Bowman, at 474-7i22, or e-mail
margarer bowman@umanitoba.ca. A copy of this consent form has been given to
you to keep for your records and reference.

Prin.cipal Rgsearcher: Joanne parsons, BMR(pr), cAT(c), Master,s graduate
student in the F"gTljY of Kinesiology and Recreation Management, Univérsity of
Manitoba, Ph 255-1 079, 47 4-6875, parsonsjoanne@hotmail.cãm

Advisor: Dr. Marion J.L. Alexander, professor, Faculty of Kinesiotogy and
Recreation Management, Ph 4Z 4-8642

Goach: J.O., St. lVlary's Academy

Participant's name (print)
Date

Signature

Parent/Guardian
Date
(if under 18 years of age)

Signature

Researcher and/or Delegate
Date

Signature

- 
No, I do not wish to receive a copy of the study's results after all analysis has been

performed.

- 
Yes, I would like to receive a copy of the study's results after all analysis has been

performed. Please mail the results to the following:

Address:
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Control Group Consent Form

Research Project Title: Modifying Jump-Landing Biomechanics in Female Adolescent
VolleyballAthletes using Video and Verbal Feedback.

Researcher: Joanne Parsons, BMR(PT), cAT(c); Dr. Marion Alexander, advisor

Sponsor: Manitoba Heath Research Council

This consent form, a copy of which will be left with you for your records and
reference, is only part of the process of informed consent. lt should give you the
basic idea of what the research is about and what your participation will involve.
lf you would like more detail about something mentioned here, or information not
included here, you should feel free to ask. Please take the time to read this
carefully and to understand any accompanying information.

Purpose of the Study:
The purpose of this study is to examine the technique of female volleyball

players, in order to determine whether spike landing technique can be altered using
video and verbal feedback.

Summary of Study:
Two groups of volleyball athletes will be filmed during the course of this study. One

group is the intervention group, who will receive feedback about their technique during the
filming sessions. Your group is the control group, who will not receive feedback during the
filming sessions. The volleyball athletes in your control group will be filmed performing
volleyball spikes on two separate occasions, during regular practice time at the athlete's home
gymnasium, using filming equipment from the Biomechanics Laboratory in the Faculty of
Kinesiology. Prior to filming, the athletes will go through their regular warm-up drills and then
the filming procedures will be explained. The athletes will be asked to perform five spikes as
normally would be undertaken in a practice situation, and the technique will be filmed. The
athlete's coach will toss the volleyballs for the athlete to spike during the filming. The initial
filming session will last approximately one hour, with each athlete taking about five minutes to
complete the spikes. Six weeks later, the athletes will again be filmed performing five spikes.
Again, each athlete will need about five minutes to complete their spikes, for a total of
approximately one hour filming duration. Informed written consent for the study must be given
by the athlete's parent or guardian prior to filming. All fÍlming procedures will be organized and
administered by the principal investigator (J.P.). Four Canon video cameras will be used to film
the athletes. The principal investigator will inform and guide them on when to perform the
spike skill. The cameras will continue to film until all of the spikes have been performed

When all filming sessions are completed, the videos will be analyzed by the principal
investigator working on the project. The types and ranges of motion during each filming session
for each athlete, as well as selected distances and times will be described. Still imageé from
the video may be used within the researcher's written Master's thesis as well as the oralthesis
defense; however the identity of the athlete will be concealed.

Risk:
There is no additional risk involved in this study, as the athletes will perform the skills as

would normally be performed in a practice situation. The cameras will be out of the way, and
will not interfere with performance of the skills. As with any physical activity, there is a i¡sk of

182



injury with parlicipation. Because the athletes will be performing skills as they normally would
during a practice, it is felt that the risk to them is not any greateithan during á regular volleyball
practice. The equipment will be situated as far away as possible from the ãg,tete as they
perform their spikes. At least one additional graduate student will be present for the filming
sessions, providing supervision along with the principal investigator.

Some people feel increased emotional stress when they know they are being
videotaped. lt will be expfained to the subjects that they can withdraw from the study at any
time, even if they have given consent to participate, witir no penalty or repercussion.

Benefit:
An incentive is being offered to the control group to participate in this study. The

principal researcher will return to the school after completion of the study and perform a
biomechanical analysis of volleyball skills for the team. The skills to be ãnalyzed will be
decided upon by the coach and researcher. The analysis will consist of filming the athletes and
giving them instant video and verbal feedback on their performance, and adviðe on how to
better improve their technique.

Confidentiality:
Ïhe film from the study will be viewed only by the researchers involved in the study, the

coaches, and possibly by the athletes in the study. The data derived from the film will be
available to the coaches and athletes after the study is completed in order to help to improve
performance. The videotapes and all of the research data will be kept in a locked cabinet in
the Biomechanics laboratory at the University of Manitoba. No one will have access to the films
or data except the principal investigator and the graduate advisor. All forms containing the
athlete's name or video clips taken from the videotape will be tagged with an identification
number to protect identity. All video clips taken from the videotape will be stored on a laptop
computer that is password protected, with only the principal investigator having access. All
data from the study will be destroyed after the master's thesis has been succeãsfully defended.
Still images from the video may be used within the researcher's written master's thesis as well
as the oral thesis defense; however the identity of the athlete will be concealed. The name of
the school, the volleyball team and the athlete will not be used in the master's thesis to further
protect identity.
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Signature:
Your signature on this form indicates that you have understood to your
satisfaction the information regarding participation in the research project and
agree to participate as a subject. In no way does this waive your legal rights nor
release the researchers, sponsors, or involved institutions from their legal and
professional responsibilities. You are free to withdraw from the study at any time,
and/or refrain from answering any questions you prefer to omit, without prejudice
or consequence. Your continued participation should be as informed as your
initial consent, so you should feel free to ask for clarification or new information
throughout your participation.

This research has been approved by the Education/Nursing Research Ethics
Board at the University of Manitoba. lf you have any concerns or comptaints
about this project you may contact any of the persons listed below or the Human
Ethics Secretariat, Maggie Bowman, at 474-2122, or e-mait
margaret-bowman@umanitoba.ca. A copy of this consent form has been given to
you to keep for your records and reference.

Principal Researcher: Joanne Parsons, BMR(pr), cAT(c), Master's graduate
student in the Faculty of Kinesiology and Recreation Management, University of
Man itoba, P h 255-1 07 9, 47 4-6875, parsonsjoan ne@hotmail.com

Advisor: Dr. Marion J.L. Alexander, Professor, Faculty of Kinesiology and
Recreation Management, Ph 47 4-8642

Goach: L.M., Balmoral Hall

Participant's name (print) Signature Date

Parent/Guardian
(if under 18 years of age)

Signature Date

Researcher and/or Delegate Signature Date

- 
No, I do not wish to receive a copy of the study's results after all analysis has been

performed.

- 
Yes, I would like to receive a copy of the study's results after all analysis has been

performed. Please mail the results to the following:

Address:
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Filot Study
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Filot Study

INTRODUCTION

The purpose of this pilot study was to determine whether the kinematics of

landing from a volleyball spike jump could be altered using video and verbal

feedback and whether the study topic was viable for further research. The pilot

study also served as a test for appropriate filming techniques for any subsequent

studies.

METHODS
Subjects

Three female volleyball players from a local private school were filmed at

the end of the school year, approximately one month after completing the club

volleyball season. They were filmed in their home gymnasium on a familiar

court, with their school volleyball coach acting as the ball tosser for the spikes.

The subjects were thirteen or fourteen years of age and had all competed on

their school volleyball team during the previous school year. All three girls had

their parents sign informed consent forms (Appendix C). The athletes were

filmed using University of Manitoba camera equipment, with all footage

downloaded to a Toshiba laptop computer using Dartfish TeamPro software.

Test protocol

A general introduction describing the study was given to the subjects and

the coach before filming commenced; however no specific information was given

describing the purpose of the study to avoid influencing their jump landings. The

girls completed a self-determined warm-up including light jogging and stretching,
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as well as practice spikes while their coach tossed the ball for them. Each

athlete then completed three spikes in a row using their own technique, with no

instruction. These trial spikes were filmed and concomitantly uploaded to the

Toshiba laptop using the two way interface. The posterior frontal and left sagittal

views were the two cameras that were directly linked to the computer for

uploading. The anterior frontal and right sagittal views were downloaded after

the filming session was complete, as it required manual transmission of the video

clips from camera to computer.

After the athletes had completed their three trial spikes, they each viewed

their own footage on the Toshiba laptop. The video clips of the left sagittal and

posterior frontal views were observed by the athlete as the researcher made

comments on their landing technique. They were specifically instructed to try to

flex their knees and hips more upon landing from the jump, in order to absorb the

landing forces. They were also instructed to land evenly on both feet, keeping

their knees over their toes. They viewed their video clips twice, moving frame by

frame through the footage as the researcher pointed out some key aspects of

their technique and informed them where they could improve. They were then

asked to complete three more spike jumps, keeping in mind the landing

instructions discussed with them during the feedback session. The athletes

demonstrated these spikes in the same order in which their trial spikes had been

performed. The same school volleyball coach tossed the volleyballs for the girls

during the trial and post-intervention spikes to maintain consistency. There were

no timed rest periods between spikes in the trial session or intervention session.
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The athletes were allowed to proceed at their own pace in order to complete the

spike attempts.

Filming protocol

All spike jumps were filmed in position four on the volleyball court, which is

the front left corner of the court by the net. The three athletes were filmed from

four vantage points. All cameras were affixed to tripods to ensure they remained

stationary for the duration of the filming session. A Canon GL2 camcorder

captured the left sagittal view, while an additional Canon GL2 captured the

anterior view. An additional two cameras, a Canon 2R500 and a Canon ZR7OO,

captured the posterior and right sagittal views. The poster frontal view and the

left sagittal views were directly linked with the laptop computer to allow

immediate viewing of the video clips by the researcher and athlete.

The anterior camera was situated approximately two meters on the

opposite side of the net from the athlete. lt was located directly in line with the

athletes' spike approach. The posterior camera was positioned two meters

behind the start position of the athlete. lt was also aligned with the athlete's

spike approach to ensure accurate capture of frontal plane movements. The

right and left sagittal view cameras were placed six meters laterally from the path

of the spike approach, directly in line with the location on the floor where the

athlete would be landing from her spike jump (Figure 1).
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Figure 'l: Camera setup and locat¡on of spike approach.

VIDEO ANALYSIS OF THE VOLLEYBALL SPIKE LANDING

After filming, the video from the camcorders to the right and in front of the

athlete was manually downloaded into Dartfish TeamPro 4.5.2 software. The

video from the left and posterior views had been directly downloaded during the

filming session via the "ln the Action" tool in Dartfish. The appropriate video clips

were viewed and the following variables measured.
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Phase of
Landinq Skill

Variable Measured (units)

lnitial
touchdown

Right and left knee valgus (degrees)
Right and left knee flexion (degrees)
Right and left hip flexion (degrees)
Right and left ankle position (degrees)
Toe versus heel landing bilaterally
Two-foot versus one-foot landing
Trunk flexion (degrees)

Position of
maximum
flexion

Right and left knee valgus (degrees)
Right and left knee flexion (degrees)
Right and left hip flexion (degrees)
Right and left ankle position (degrees)
Trunk flexion (degrees)

End of force
absorption

Length of stance phase from initial touchdown t,o end of force
absorption bilaterally (seconds)

Table 1: Table of measured variables

The angular variables were measured using the angle tool in Dartfish and

included knee, hip, ankle and trunk flexion. The length of stance phase was

measured using the time tool. Landing on one versus two feet was determined

by observation from all camera angles.

RESI.,'LTS

The results from this pilot study indicate that landing biomechanics after a

volleyball spike can indeed be altered using verbal and visualfeedback. The

three adolescent female subjects in this study had received no previous jump

landing training, or education on the reasons why proper landing technique is

important for injury prevention. All subjects showed a marked improvement in

some flexion angles following the video analysis and instruction, which more

closely resembled the desired landing pattern for avoiding injury.
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lndividual results

Subjects one and three improved in eight out of eleven variables during

the initial touchdown phase of the landing skill. Subject two improved in only five

out of the eleven variables. However, the improvement in technique was

especially notable in the position of maximum flexion, with subjects one and two

improving in seven out of nine variables, and subject three improving her

performance in six out of nine variables. Appendix B contains all raw data from

the pilot study. All three subjects increased their length of stance phase.

Averaged results

when averages from the three subjects were combined, 15 of the 21

variables showed a positive change from pre-intervention to post-intervention. At

initial touchdown, right knee flexion angle was 28.15 degrees pre-intervention

compared to 35.01 degrees post-intervention. Similarly, left knee flexion

increased to 35.31 degrees from 20.74 degrees after verbal and video feedback.

Right hip flexion improved to 57.58 degrees from 44.3T degrees, and left hip

flexion increased to 49.42 degrees from 37.10 degrees post-intervention. Trunk

flexion also increased, from 12.60 degrees to 1B.gg degrees.

DISCUSSION

The increased flexion position of the hip, knee and trunk post-feedback is

a positive adaptation, as landing in a more upright, erect position has been

suggested to be a contributing factor to ACL injury (Decker et al., 2003; Salci et

a|.,2004). By landing in a position of increased knee flexion, the hamstring

muscle group is more mechanically effective, with a longer moment arm, and is
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able io counteract the anterior tibial translation occurring because of the

quadriceps contraction when landing from a jump (lreland, 2002; Renstrom et al.,

2008). As well, in a moderately flexed position, the length of the muscle is in a

position with optimal overlap of sarcomeres, the contractile unit of the muscle. ln

this position, the muscle has the greatest ability to produce tension compared to

a more shortened position (See Figure 2).

iÌ
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Figure 2: Length-tension relationship of the hamstring muscle. "A" represents a
shortened position of the muscle, "8" the optimal length with maximal tension
output, and "C" the stretched position of the muscle. (Retrieved on August 21,
2008 from www. exrx. n eUl m a g es/Sacrom e re Le n gth . g if).

lncreased hip flexion upon landing increases the ability of the gluteal

muscles to stabilize the femur because of greater stretch on the muscle,

preventing it from falling into adduction and internal rotation, another position that

puts the female athlete at risk for ACL injury (lreland, 2002).

ln a study by Blackburn and Padua (2008), increased trunk flexion upon

landing caused an increase in knee and hip flexion. lt is not the trunk flexion

itself that is desirable in order to decrease ACL injury risk. lt is the fact that

increased trunk flexion can increase knee and hip flexion; both of which have

been shown to decrease ACL injury risk (Dugan, 200s; lreland, 2002; Renstrom
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et al., 2008). However, one direct benefit of trunk flexion is that as the trunk

accelerates downwards, vertical ground reaction forces decrease. This is related

to Newton's Second Law, which states that force is proportionalto mass times

acceleration (Hall, 2007). lf an athlete accelerates her trunk upwards, the

acceleration is in a positive direction, so the ground reaction forces increase.

Conversely, when an athlete accelerates her trunk downwards in a negative

direction, the ground reaction forces are decreased.

Both right and left ankle plantar.flexion decreased from pre-intervention to

post-intervention at initial touchdown. This is not an advantageous adaptation on

the part of the athlete, as increased plantarflexion at initial touchdown from a

jump has shown to be the most effective way to absorb shock and results in the

largest reduction of vertical ground reaction forces (self & paine, 2oo1).

Decreased vertical ground reaction forces have been linked with a decrease in

ACL injury risk (Hewett et al., 2005).

The subjects'foot landing pattern did not improve with intervention, and in

fact worsened after verbal and video feedback. The athletes landed on one foot

more often poslintervention and were more likely to land heel to toe rather than

toe to heel. This may have occurred due to the fact that foot position was not

enforced as much as trunk, knee and hip position within the feedback session.

At the position of maximum flexion, all variables improved except for left

ankle dorsiflexion and left knee valgus. Right and left knee and hip flexion, trunk

flexion, right knee valgus and right ankle dorsiflexion all increased. This

increased range of motion allows the athlete to absorb the forces of landing over
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a larger period of time. The distribution of forces over a larger time frame

requires less force production by the athlete's muscles, tendons and ligaments to

arrest downward movement during landing from a jump. Correspondingly, the

length of stance phase in the post-intervention video increased to 0.271seconds

from 0.178 seconds.

One variable that did not improve at the position of maximum flexion with

verbal and video feedback was left ankle dorsiflexion. This value actually

decreased from 9.1 1 degrees to 3.53 degrees. This may be because the

subjects had a tendency to finish their landings early with their left leg, to allow

them to quickly clear the test area and prepare for another trial. All subjects

exited the filming area to their right, toward the middle of the court. They did not

seem to take the time to complete their landings before starting to move to the

right to exit the filming area. Left knee valgus may not have decreased due to

the same reason. ln order to exit the filming area to the left, the subjects tended

to pivot on their left foot, causing a left knee valgus. See Table 2for all averaged

values for pre-intervention and post-intervention variables.
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Table 2: Averaged variables from allthree subjects.

Preintervention Postintervention

lnitial Touchdown

Right knee valgus(deg) 10.37 6.63

Left knee valgus (deg) 10.93 6.08

Right knee flexion (deg) 28.15 35.04

Left knee flexion (deg) 20.74 35.31

Right hip flexion (deg) 44.37 57.58

Left hip flexion (deg) 37.10 49.42

Right ankle (deg) 28.73 planfarflexion 16.13 plantarflexion

Left ankle (deg) 43.9 plantarflexion 30.17 plantarflexion

Trunk flexion (deg) 12.60 18.99

Toe vs. heel landing 8-toe,1-heel 6-toe,3-heel

1 vs. 2 foot landing 5-1foot,4-Zfoof 6-1foot,3-2foot

Position of Maximum
Flexion
Right knee valgus (deg) 27.87 24.53

Left knee valgus (deg) oÃ 12.08

Right knee flexion (deg) 79.77 96.87

Left knee flexion (deg) 78.98 94.98

Right hip flexion (deg) 68.51 109.6

Left hip flexion (deg) 68.02 94.97

Right ankle (deg) 2.66 dorsiflexion 18.36 dorsiflexion

Left ankle (deg) 9.1 I dorsiflexion 3.53 dorsiflexion

Trunk flexion (deg) 18.43 39.63

Duration of stance (sec) 0.178 0.271
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SUMMARY OF PILOT STUDY

The results of this study suggest that adolescent female volleyball players

can be positively influenced by using video and verbal feedback to modify their

landing biomechanics. All subjects in this study (n=3) demonstrated improved

technique in at least 13 of the 21 variables following one session of intervention

consisting of verbal feedback of their performance and viewing themselves

performing the skill. Changes were evident during both the initial touchdown

phase of the skill and the peak flexion position of the landing skill. The length of

time taken from initial touchdown to peak flexion to halt the downward movement

of the athlete's body also increased substantially when comparing post-

intervention values to pre-intervention values. The duration of this stance phase

increased by almost two-thirds, allowing the athlete's body to decrease the

amount of force it had to produce to decelerate downward movement.

Each subject showed some variability in their kinematics between trials,

both pre-intervention and post-intervention. lt appeared that subject number two,

who was determined by the coach to be the more skilled athlete, possessed the

least variability among trials as well as some of the largest joint flexion values.

CONCLUSION

It is clear that using video and verbal feedback may cause a change in the

landing biomechanics of adolescent female volleyball players who have not had

exposure to jump landing training. What remains to be determined is whether

this change can be sustained over time and reproduced. Further studies are

recommended, with a larger number of subjects in order to increase the power of
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the findings. Future studies should also examine whether the kinematic changes

seen immediately after verbal and video feedback are reproducible after a length

of time, such as several weeks. Only if changes are sustained over time will the

injury prevention aspect of modifying jump landing biomechanics be valid. lf the

athlete revefts to her old movement patterns the day after instruction, the injury

prevention effects of landing in a more flexed position will be null and void.

The intervention methods used in this study were relatively

straightforurrard, simple and can be accessed with relative ease and low cost.

Coaches working with this at-risk population of young female athletes must be

educated on the benefits of jump landing modification, and at the least, provided

with a checklist with which to instruct their athletes on proper technique. Dartfish

biomechanical software can be purchased by teams or sport organizations for

independent use, or biomechanists with Dartfish training can be hired to work

with the athletes on a regular basis. Many coaches and organizations are not

aware of these beneficial tools that exist to improve their athletes' performance

and prevent injury. There is a need for educators and personnel involved with

athletes' health such as strength and conditioning specialists, physiotherapists

and athletic therapists to become aware of biomechanical analysis and introduce

it to coaches and team management as a regular part of their season

preparation.

Variables to record during future studies are the position that the athlete

normally plays on the volleyball court, the number of years of experience playing

volleyball, and the skill level of the athlete. The position that the athlete normally
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plays will influence their spike approach and subsequently, their landing. If an

athlete normally plays on the right side of the court, they may struggle with the

spike when performing it from the left side of the court. Their concentration on

just hitting the ball may take their mind off the skill of interest, the jump landing,

and therefore limit the extent to which the jump landing can be modified.

The number of years of experience that the athlete has played volleyball

may influence the findings of the study for similar reasons. Someone with many

years of experience will find the spike skill much easier to perform than a novice

player, therefore making it less difficult for the more experienced player to

concentrate on improving their landing technique. By studying adolescent

females of 13 and 14 years of age, the number of years of experience playing

should not be a significant contributing factor to any differences noted between

subjects. Competitive volleyball typically begins in grade six or seven, meaning

that at the most, these athletes will have had two years of playing experience.

The athleticism and innate ability of the athlete may affect their ability to

comprehend and demonstrate a change in their spike jump landing technique. A

less skilled player has io concentrate more on the movements involved in the

execution of the spike, which decreases the time and energy they have to think

about their jump landing.

This pilot study suggested that a measurable change can be elucidated in

spike jump landing kinematics after verbal and video feedback. This suggests

that this protocol can be used in further studies, using larger numbers of

subjects, to determine if the observed change is significant and sustainable.
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Raw Data - Subject 1

Pre
Trial I

Pre
Trial2

Pre
Trial3

Post
Trial I

Post
T¡ial2

Post
Trial3

lnitial
Touchdown
Right knee
valqus (deo)

0 15.3 nla 0 4.9 nla

Left knee
valous ldeo)

oÃ 11.5 nla 4.6 9.3 nla

Right knee
flexion (deo)

477 32.2 21.9 59.2 15.3 56.2

Left knee
flexion ldeo)

14.6 11.6 3.t 30.7 21.1 31.6

Right hip
flexion (deq)

71.9 28.9 22.2 59.4 37.3 91.7

Left hip
flexion ldeo)

21.5 18.2 27.7 58.7 42.6 18.7

Right
ankle(deo)

15.9 PF 36.5 PF 28.1 PF 9.8 PF 35.3 PF 11.0 PF

Left ankle
(deq)

42.0 PF 53.5 PF 47.5 PF 44.7 PF 44.0 PF nla

Toe vs. heel
landing

Toe Toe Toe Toe Toe Left - toe
Right -
heel

Trunk flexion
(deq)

3.2 0 Ão 12.8 15.5 19.3

1 vs. 2 foot
landino

1; left first 2 2 1; left first 2 1 left first

Peak Value
Right knee
valqus (deo)

nla 30.4 nla 15.0 14.0 nla

Left knee
valous ldeo)

nla nla nla 18.5 19.6 nla

Right knee
flexion (deq)

60.3 76.2 89.1 96.9 82.6 105.5

Left knee
flexion ldeo)

88.5 62.6 52.6 109.2 64.0 89.6

Right hip
flexion (deo)

707 58.8 o¿..7 94.2 81.1 129.2

Left hip
flexion ldeo)

66.5 57.1 61.8 101.7 71.7 94.1

Right
ankle(deo)

0 15 DF 6.5 PF 20 DF 0 13.3 DF

Left
ankleldeo)

27.6 DF 11.9 DF 7.6 PF 28.4 DF 4.2 PF nla

Trunk flexion
(deq)

11.3 18 16.1 18 27.4 48.6

Duration of
stance (sec)

0.3'16 0.200 0.200 0.266 0.200 0.333
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Raw Data - Subject 2

Pre
Trial I

Pre
T'¡ial2

PÍe,
Trial3

Post
Trial I

Post
T¡ial2

Post
Trial3

Initial
Touchdown
Right knee
valous ldeo)

0 nla 7.6 11.2 0 0

Left knee
valous ldeo)

3.2 nla 0 0 nla 5.2

Right knee
flexion (deq)

35.4 20.1 40.2 nla 30.3 31,6

Left knee
flexion (deo)

35.4 36.5 28.7 37 1 52.9 J/.J

Right hip
flexion (deq)

60.1 50.3 38.B nla 46.0 58.2

Left hip
flexion (deo)

60.1 64.5 38.5 47.8 64.2 73.5

Right ankle
(deq)

40 PF 39 PF 37.4 PF nla 22.3 PF 32.3 PF

Left ankle
(deo)

40 PF 51.5 PF 49.7 PF 37.8 PF 37.9 PF 42.8 PF

Toe vs. heel
landino

Toe Toe ïoe Toe Toe to heel Toe to heel

Trunk flexion
(deq)

23.4 25.0 4.5 17.2 21.1 27.0

'l vs. 2 foot
landino

2 1; left by 1

frame
2 1; left by 1

frame
1; right by
1 frame

2

Peak Value
Right knee
valqus (deq)

nla nla 8.6 28.5 nla nla

Left knee
valous ldeo)

nla nla nla nla nla nla

Right knee
flexion (deo)

85.8 71.5 95.9 71.7 '101 .9 135.3

Left knee
flexion ldeol

85.8 84.9 99. I 92.5 108.7 136.2

Right hip
flexion (deq)

94.5 777 112.0 64.4 116.8 127.7

Left hip
flexion (deo)

94.5 88.6 105.7 78.0 122.1 127.1

Right
ankle(deq)

nla 8.2 PF 67.3 DF nla 27.5 DF 1.0 PF

Left ankle
(deo)

5.7 DF 3.1 DF 28.0 DF 16.2 DF 26.8 DF 37.0 DF

ïrunk flexion
(deq)

36.5 26.2 37.2 26.9 524 36.2

Duration of
stance (sec)

0.1 50 0.1 33 0.316 0.'166 0.300 0.333
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Raw Data - Subject 3

Pre '
tr¡à¡r

Pre
Tr'tal2

Pre
Trial3

Post
Trial 1

Po'st,
T¡ial2

Post
Trial3

lnitial
Touchdown
Right knee
valous ldeo)

8.2 nla nla 0 3.8 nla

Left knee
valqus (deo)

19.1 nla nla 0 nla nla

Right knee
flexionldeo)

19.5 21.6 32.9 27.2 20.7 29.0

Left knee
flexion (deo)

18.6 11.9 6'1.8 17.3 0 15.2

Right hip
flexion ldeo)

33.2 40.4 60.1 37.1 53. I 73.6

Left hip flexion
(deq)

46.2 261 94.4 21.8 5.0 49.2

Right
ankleldeo)

23.5 PF 10.6 PF 47.3 PF 25.5 PF 19.0 DF 25.4 DF

Left ankle
(deq)

44.6 PF 32.4 PF nla 45.8 PF 32.0 DF 37.4 PF

Toe vs. heel
landinq

ïoe to heel Toe to heel Left{oe
Riqht-flat

Lefttoe
Riqhtheel

Toe to
heel

Lefttoe
Riqht-heel

Trunk flexion
ldeo)

10.2 184 21.2 5.5 14.3 3502

1 vs. 2 foot
landinq

1; right by
2 frames

1; left by 3
frames

1; right by
9 frames

1; left by 2
frames

2 1; leftby 2
frames

Peak Value
Right knee
valous ldeo)

44.6 nla nla 0 30.6 nla

Left knee
valous (deq)

9.5 nla nla 0 5.1 nla

Right knee
flexion ldeo)

104.6 65.5 122.0 93.2 67.0 64.7

Left knee
flexion (deo)

60.7 90.0 80.2 93.2 72.5 95.3

Right hip
flexion ldeo)

73.0 62.9 122.0 52.3 87.0 116.4

Left hip
flexion(deo)

68.9 44.5 122.5 52.3 34.1 75.7

Right
ankleldeo)

9.4 DF 13.2 DF I.6 DF 13.2 DF 18.7 DF 1.2 DF

Left ankle(deo) 2.8 DF 7.3 DF nla 15.0 DF 3.1 DF 11.0 PF
Trunk flexion
(deo)

12.9 11.4 45.4 6.6 35.6 56.0

Duration of
stance (sec)

0.1 33 0.166 0.300 0.1 33 0.1 50 0.233
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Guidelines for lnformed Consent

Research Project Title: Pilot Study: Modifying Jump-Landing Biomechanics in
Female Adolescent Volleybail Athletes using Vioeo' Feedback.

Researcher. Joanne Parsons, BMR(pr), cAT(c), Dr. Marion Alexander, advisor

This consent form, a copy of which will be left with you for your records
and reference, is only part of the process of informed consent. lt shouldgive you the basic idea of what the research is about and what your
participation will involve. lf you would like more detail about somet-hing
mentioned here, or information not inctuded heren you should feel free toask. Please take the time to read this carefully ánd to understand any
accompanying information.

Outline of the Study:

_ The purpose of this study is to examine the techniques of members of the
St. Mary's Girls' Volleyball Team, in order to determine whether spike technique
can be altered using video feedback. You are either currenfly a member of this
team, or are considered to be a prospect for membership in t-his program.
Methodology:

You will be filmed, on one occasion only, while practicing at the St. Mary's
gymnasium, using filming equipment from the Biomechanics Lãboratory in the Faculty
of Kinesiology. All.practices are organized and administered by the coách, who will
instruct you regard-ing the_ skills to perform. Prior to filming you, tt.'" filming procedures
will be explained. You will be asked to perform the skills ãiyou normally would in a
competitive situation, and your techniques will be filmed. You must prouid" informed
consent for the study priot to filming. All filming procedures will be organized and
administered by Joanne parsons.

Video cameras will be used to film the athletes. The coach will instruct you
regarding which skills are to be performed while the cameras are filming. The cameras
will continue to film you until all of the skills of interest have been perfor"med

When filming is completed, the videos will be analyzed ny ifre principal
investigator working on the project. The types and ranges of motion iñ each of the
skills, as well as selected linear and angular velocities-in each of the skills will be
described. Still images from the video may be used within the researcher,s written
Master's thesis as well as the oral thesis pioposal; however the identity of the athlete
will be concealed- lt is possible that some of the technique descriptioné developed from
this analysis may eventually be published in a technicaljournal in the sport being
examined.
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Risk:
There is no additional risk involved in this study, as you will perform the skills as

you would normally perform them in a practice situation. The cameras will be out of
the way, and will not interfere in any way with your performance of the skills.
Gonfidentiality:

The film will be viewed only by the researchers involved in the study, the
coaches, and by the athletes in the study. The amount of data available to the
athletes will be determined by the coaches. The data derived from the film will
be available to the coaches and athletes in order to help to improve pedormance.
The video films and all of the research data will be kept in a locked cabinet in the
Biomechanics laboratory. No one will have access to the films or data except the
principal investigator and the research assistants. lt is possible that the technique
analysis data will be published in a technicaljournal, however the identity of all
subjects in the study will be kept confidential.
Signature:
Your signature on this form indicates that you have understood to your
satisfaction the information regarding participation in the research project
and agree to participate as a subject. ln no way does this waive your legal
rights nor release the researchers, sponsors, or involved institutions from
their legal and professional responsibilities. You are free to withdraw from
the study at any time, and/or refrain from answering any questions you
prefer to omit, without prejudice or consequence. Your continued
participation should be as informed as your initial consent, so you should
feel free to ask for clarification or new information throughout your
participation.

Principal Researcher: .,!oanne Parsons, BIVIR(PT), CAT(C), Master's
graduate student, Ph 255-1079
Dr. Marion J.L. Alexander, Professor, Faculty of Physical Education and
Recreation Studies, graduate advisor, Ph 474 8642

Participant's name (print) Signature Date

ParenUGuardian
(if under 18 years of age)

Signature Date

Researcher and/or Delegate
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Appendix Þ

Jump l-anding variables Linked to a Decrease in lnjury
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Phase of iump landinq Variable
lnitial touchdown lncreased knee flexion

lncreased hip flexion

Decreased knee valgus

Two-foot landing vs. one-foot landing

ForefooUtoe landing

Position of maximum flexion lncreased knee flexion

lncreased hip flexion

lncreased trunk flexion

Overall landing lncreased time from initialtouchdown to position
of maximum flexion
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Appendix Ë

Verbal Ghecklist for lnteruention Group
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Verba! checklist for i¡'¡tenvention gror.¡p

Keep your knees in line with your toes when landing
from a jump; don't go ¡nto a "knock-kneed" position

Bend your knees and hips closer to g0 degrees when
landing from a jump.

Land evenly on two feet, with a toe to heel landing.

Try to land softly, not stiffly.

*Allowed time for questions from the athletes ln order
to clarify the instructions.
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Appendix F

Jump l-anding Ghecklist fon Coaches and
Physical Education Teachers
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When instructing children and adolescents in sports and activities that

involve landing from a jump, proper instruction is imperative for injury prevention.

This is especially true in young female athletes, who have an increased risk of

injury compared to males. Take the time to not only teach the sport specific skills,

but also the basics of landing safely from a jump. Here is an outline of the

aspects of jump landing that should be covered with young athletes.

1. Allow enough time for the athlete to complete the sport specific skill and the

jump landing. ln many practices (ex. volleyball), after hitting the ball, the athlete

gets out of the way quickly in order for the next hitter to hit, or to retrieve the ball.

A good jump landing requires the athletes to bend their knees, hips and trunk

fully, which takes time. When first learning the skill, the athlete may need time

immediately after landing to do a "self-check". This allows the athlete time to

evaluate their performance and learn from the experience.

2. Encourage the athletes to bend their knees and híps as close to 90 degrees

(Figure 1) as they can when landing from a jump. This can be observed by the

coach or teacher from the side view of the athlete.
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Figure 1: Knees and hips flexed to 90 degrees.

3. The trunk should be bent forward when the athlete lands.

4. The athletes should be instructed to land with their knees in line over their toes

(Figure 2A) in order to avoid the dangerous "knock-kneed" position (Figure 2B).

This can be observed by the coach or teacher when standing in front of their

athlete performing the skill.

'tg;
-w;,
4ît
t7.t
l,{.-:?

'-. #

Figure 2: Good and bad
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5. A two foot landing (Figure 3A) should be encouraged over a one foot landing

(Figure 3B), in order to decrease landing forces. The landing should be a toe to

heel landing, NOT a heel to toe landing or on a flat foot.

Figure 3: Two foot and one foot landing technique.

6. To further decrease landing forces, the athletes should be taught to swing their

arms down and back as they land.

7. Athletes would be greatly aided in their ability to avoid unsafe landing

techniques if they participated in strengthening exercises for their legs, hips and

trunk. Sample exercises could include lunges, squats, and abdominal crunches.

They would also benefit from balance exercises, learning to maintain control of

their body when it is off balance. The use of wobble boards could be integrated

for that purpose.

Landing safely from a jump is a skill that needs to be taught and practiced

just like any other sport skill. But instead of improved performance, the goal is

injury prevention. The skill can be learned with minimal instruction, however
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frequent feedback would be of benefit to further instill the proper technique in

young athletes. Video feedback can also be used to demonstrate visually to the

athletes which aspects of their jump landing needs to be improved.
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Appendix G

Contro! Group Raw Data
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Subject
Right

ankle at lT
(des)

1.

2

5.83

3

Left ankle
at lT
(des)

-1.2.I0

4

-l_8.80

5

-32.40

Control Group at Time One - lnitial Touchdown

6

-39.43

7

Right knee
flexion at lT

(dee)

n/a

-28.63

-36.73

8

-49.50

-39.63

9

-30.07

-37.19

-40.83

-42.13

24.23

Left knee
flexion at lT

(dee)

-32.90

23.20

-40.57

37.37

-39.25

17.40

-47.77

n/a

33.23

Right knee
valgus at lT

(dee)

21.20

22.00

12.87

25.77

t7.24

19.77

19.77

L2.50

-4.40

Left knee
valgus at lT

(dee)

43.27

-13.40

1.4.77

-1.33

24.68

-0.90

21,.27

6.07

n/a

Right hip
flexion at lT

(dec)

-6.37

-0.97

0.00

2.03

-3.03

0.00

0.00

-2.00

5.80

Left hip
flexion at lT

(dee)

15.03

51.00

-2.53

-5.r7

4.55

9.10

0.00

n/a

25.77

19.17

Trunk
flexion at lT

(des)

20.87

1.O.77

9.37

12.r7

5.20

31_.07

22.23

-1.L57

29.93

8.83

14.03

-16.33

20.45

-9.67

37.20

3,O7

214

-0.20

-1.80

-2.65

4.53



Subject

R¡ght ankle
at max
flexion
(dee)

control Group at rime one - position of Maximum Flexion

L

?

1

!
5

Left ankle
at max
flexion
(dee)

32.00

-1.4.40

6

1.4.67

7

Right knee
flexion at

max
flexion
(dee)

4.60

8

n/a

1.0.90

9

20.57

28.07

1_5.53

9.33

Left knee
flexion at

max
flexion
(dee)

1.6.26

25.70

1.5.47

22.33

69.20

8.37

29.10

22.10

70,03

1.8.02

s9.60

Right knee
max valgus

(dee)

12

66.43

n/a

17

81.90

s3.93

54.37

65.00

63.42

s2.53

Left knee
max valgus

(dee)

73.57

50.73

-17.97

96.10

-15.40

56.43

16.90

Right hip
flexion at

max
flexion
(des)

72.56

2,05

76.97

n/a

o.07

2.00

-1"5.73

2.47

9.37

Left hip
flexion at

max
flexion
(dec)

-8.s8

6.13

0.40

1.90

23.27

17.03

59.40

-6.90

4.57

Trunk
flexion at

max
flexion
(dee)

4.90

16.70

-2.L0

33.33

n/a

68.73

39.80

30.73

25.23

42.05

20.60

91.60

35.23

-4.43

71,.77

215

8.30

32.40

-15.83

45.62

-3.17

t04.s7

1..87

20.83

4.57

7.1.1

40.63



Subject

Stance
phase

time
(sec)

Control Group at Time One - Other Variables

1

2

3

Anterior/poster
ior stance (m)

0.L2

4

0.L8

5

0.1s

6

0.1_8

7

0.L4

8

0.17

0.30

9

0.74

Medial/ lateral
stance (m)

0.1s

0.28

0.20

0.22

0.3s

n/a

0.27

o.47

0,1L

2 foot
landing

(Y=1, N=0)

0.30

0.18

0.52

0.11

0.23

nla

Toe
landing
(right)

(Y=1, N=0)

0.24

0.00

0.23

0.00

o.32

0.33

0.4s

o.67

Toe
landing

(left) (Y=1,

N=0)

000

1.00

0.67

0.00

0,67

1.00

0.00

1.00

0.67

n/a

1.00

1.00

1.00

1.00

L.00

L.00

1.00

1.00

1_.00

1.00

1.00

1.00

1_.00
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Subject
Right

ankle at lT
(dee)

1.

2

3

-43.60

4

Left ankle
at lT (deg)

-42.00

5

Control Group at Time Two - lnitial Touchdown

I
7

-0.23

-34.53

q

9

-44.03

n/

Right knee
flexion at lT

(dee)

-46.55

-43.97

-31.60

a

-34.97

-33.70

-?8 ?1

-33.77

-27.37

1.4.70

-34.77

Left knee
flexion at lT

(dee)

L3.10

-36.73

3s.60

-30.07

17.60

-35.73

n/a

16 13

17.30

Right knee
valgus at lT

(dee)

16.37

11.33

s5.23

13.53

20.90

L4.63

L6.50

3.37

13.13

Left knee
valgus at
lr (deg)

-2.30

17.93

2.17

22.70

-4.63

22.L0

n/a

Right hip
flexion at
¡T (des)

1..47

-4.90

0.43

-3.s0

2.57

-4.50

7.07

-3.30

-0.97

1..40

-7.00

Left hip
flexion at
lr (deg)

22.70

0.13

3.50

L3.93

1..43

4.70

Trunk
flexion at
lr (deg)

2.70

nla

1,2.O5

\17
1.5.73

14.10

25.17

1s,20

3.53

-10.00

-4.43

L6.83

14.80

1,4.23

7qn

12.00

-7.80

-1,5.70

20.83
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-10.63

-3,83

-9.50

-4.67



Subject

Right ankle
at max
flexion
(dec)

L

control Group at Time Two - position of Maximum Flexion

2

3

Left ankle
at max
flexion
(dec)

4

1,6.67

5

9.80

6

3I.67

Right knee
flexion at

max
flexion
(dee)

20.77

7

8

22.53

n/a

9

9.10

27.10

1s.50

25.57

Left knee
flexion at

max
flexion
(deg0

29.07

0.50

21,.23

13.33

68.30

2L.63

49.00

20.23

58.67

1,4.13

56.47

Right knee
max valgus

(dee)

1.5.97

79.40

n/a

72.25

53.83

57.97

72.30

52.73

82.17

Left knee
max valgus

(dec)

68.33

49.07

4.97

75.97

s8.53

-5.70

-9.60

Right hip
flexion at

max
flexion
(dee)

54.67

-26.80

69.43

nla

7.77

-1.6.45

4.93

-1.O.97

8.50

Left hip
flexion at

max
flexion
(dee)

-I7.20

30.67

-I3.77

34.17

6.63

17.13

45.L0

5.77

17.63

Trunk
flexion at

max
flexion
(dee)

46.97

9.13

16.03

45.53

nla
49.05

25.00

33.27

36.93

21-.s3

45.47

59.57

23.53

9.40

42.57

2.17

28.70

-3.17

22.47

5.17

218

-L3.10

51,.57

0.33

-4.43

-6.43

14.80



Subject

2 foot
landing

(Y=1,

N=0)

Control Group at Time Two - Other Variables

1

2

3

Toe landing
(right) (Y=1,

tV=0)

4

0,67

0.33

5

6

0.33

7

0.67

Toe landing
(left) (Y=1,

N=0)

8

0.00

1.00

9

0.33

1.00

0.33

1_.00

0.33

1.00

1.00

Stance
phase

time (sec)

n/a

L.00

L.00

1..00

1.00

L.00

l_.00

L.00

L.00

Anterior/posterior
stance (m)

1.00

o.21

L.00

0.15

1.00

o.1,4

1.00

0.16

1_.00

0.13

0.22

0.12

0.21,

Medial/
lateral stance

(m)

0.30

0.1,4

0.12

o.24

0.19

n/a

0.17

0.06

0,s6

0.11

0.32

0.09

0,52

0.18

n/a

0.30

0.19

0.36
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AppendiN F{

lnteruention Gnoup Raw Data
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Subject
Right

ankle at
lT (deg)

1

lntervention Group at rime one - rnitial rouchdown

2

Left ankle
at lT
(dee)

3

-29.20

4

-51..23

5

-60.33

6

Right
knee

flexion at
lr (deg)

-35.23

7

-44.93

-29.93

8

-47.53

-38.73

9

-54.57

-22.80

10

-41,.40

Left knee
flexion at
lT (deg)

-36,90

2L.0O

-46.90

-48.77

-46.57

1.9.47

-43.23

-43.70

2I.20

Right
knee

valgus at
lT (dee)

-41,.03

9.40

15.30

L.60

-52.37

20.30

1.2.93

-43.90

19.90

48.50

Left knee
valgus at
lr (deg)

1.9.27

17.90

1.4.60

1.0s

19.33

-0.70

1.1_0

-0.80

-0.53

1,2.20

18.80

12.20

Right hip
flexion at
lT (deg)

22.77

-4.60

1_5,23

-0.73

0.00

-2.70

21.70

-0.53

Left hip
flexion at
lr (deg)

3.30

000

1,4.95

2.73

-2.17

20.17

o.73

0.87

30.43

-1..77

Trunk
flexion at
lr (dee)

-3.40

9.20

-0.87

1,3.27

1,9.70

0.37

17.10

1.5.97

2.07

36.27

32.20

1,4.90

21.35

17.70

30.10

-4.93

15.33

4.73

1.50

9.L3

-4.17

18.97

0.93

30.20
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-4.23

8.80

-17.00

-4.63

4.30

-1.3.40



Subject

Right
ankle at

max
flexion
(dee)

lntervention Group at rime one - position of Maximum Flexion

1

2

Left ankle
at max
flexion
(dee)

3

3.65

4

19.50

5

Right
knee

flexion at
max

flexion
(dee)

1_1,.70

6

t7.57

7
I

17.90

22.10

19.67

9

6.87

Left knee
flexion at

max
flexion
(dee)

20.60

10

-0.30

1.2.23

13.05

73.95

18.00

7.80

68.47

1.8.17

3.r7

73.20

2.97

Right
knee max

valgus
(dec)

66.s3

25.47

59.70

67.93

20.97

75.27

57.17

1.2.87

75.00

63.60

Left knee
max

valgus
(des)

62.33

77.60

77.00

5.20

61.50

79.20

-7.97

s6.00

Right hip
flexion at

max
ffexion
(dee)

4.23

58.60

-I3.87

92.17

-1,3.20

-5.67

66.90

-o.4?

-0.37

72.70

Left hip
flexion at

max
flexion
(dee)

-o 17

-8.20

L0.13

-6.10

39.65

8.00

1..20

-8.s0

43.13

2.70

Trunk
flexion at

max
flexion
(dec)

49.60

-5.s3

34.43

3,60

39.17

43.57

7.37

38.43

36.00

8.90

s3.00

49.1,0

32.83

64.I5

46.70

2.OO

45.30

-2.17

41,.50

17.40

41.57

1.93

-7.53

71.20

50,77

5.73

222

-2.s0

25.87

-8.30

9.47

4.43

-15.13



Subject

2 foot
landing
(Y=1,

N=0)

lntervention Group at Time One _ Other Variables

1.

2

3

Toe landing
(right) (Y=1,

N=0)

4

0.33

5

0.67

6

1.00

7

0.67

8

0.67

Toe landing
(left) (Y=1,

N=0)

L.00

9

1.00

1.00

1.0

0.00

1.00

0.33

1.00

1..00

1_.00

0.67

Stance phase
time (sec)

1.00

r_.00

1..00

1_.00

r..00

L.00

r_.00

L.00

10n

1.00

0.19

1.00

Anterior/posterior
stance (m)

0.17

1.00

0.17

1.00

0.16

L.00

0.16

L.00

0.r7
0.I4

0.33

0.06

o?\

Medial/ lateral
stance (m)

o.o7

u.15

0.08

0.1,4

0.06

0.12

U.U1

0.23

0.08

u.¿5

0.01

u.¿a

o,20

0.17

0.L6

0.23

0.32

0.36

223

0.1_9

o.27



Subject
Right

ankle at lT
(dee)

1.

2

lntervention Group at rime Two - rnitiar rouchdown

3

Left ankle
at lT (deg)

-1,5.27

t
T
6

-45.43

-s2.LO

-53.L3

7

Right knee
flexion at
lT (dee)

-38.90

-41.93

8

-45.37

-48.63

-50.37

9

10

-20.77

-23.37

-36.40

Left knee
flexion at
lT (deg)

-43.90

-44.93

23.83

-52.03

-37.93

36.07

-30.10

25.43

-43.50

1.9.70

Right knee
valgus at
lr (deg)

-51,.23

24.27

L3.53

-42.17

20.20

29.20

27.77

30.47

38.07

L6.O7

Left knee
valgus at
lT (deg)

1,6.73

1,9.17

7.20

24.07

2L.67

-3.57

25.60

2.30

24 71

1.33

Right hip
flexion at
lr (deg)

14 1a

-2.17

131

24.67

-0.80

0.87

-4.37

3.97

-2.00

-1..17

Left hip
flexion at
lr (deg)

-3.03

32.33

2.87

37.80

-0.17

-0.13

41..73

4.73

24.10

0.40

Trunk
flexion at
lT (deg)

28.00

10.30

0.63

1.8.27

3L.10

1..73

L4.37

46.67

44.77

28.s7

L7.83

13,.67

7.77

1.8.43

6.50

2.40

1.5.20

7.03

28.87

4.07

224

20.10

-7.67

-5.27

4.53

-8.83

7.27

-0.27

-'J_8.17



Subject

Right
ankle at

max
flexion
(dee)

lntervention Group at rime Two - position of Maximum Frexion

L

2

Left ankle
at max
flexion
(des)

3

4

L5.67

27.83

5

Right knee
flexion at

max
flexion
(dee)

6

9.87

22.27

7

26.87

20.37

8

13.83

26.53

9

10

Left knee
flexion at

max
flexion
(dee)

18.00

7.40

26.23

17.43

28.00

29.63

69.73

28.93

28.80

95.20

1"1,.97

78.37

Right knee
max

valgus
(dee)

1nÂ )"

34.87

7s.37

94.33

26.33

72.37

1.00.73

29.37

76.97

80.00

Left knee
max

valgus
(dee)

96 ?7

97.97

79.43

79.27

8.40

1o8.70

-1s.90

77.17

83.93

Right hip
flexion at

max
flexion
(dee)

-5.07

I05.47

L4.17

-10.60

84.47

-6.07

77.43

L4.50

3.63

-1,4.O7

Left hip
flexion at

max
flexion
(dee)

167

-13.90

-9.07

-1.1,.77

50.60

6.73

86.s0

-9.47

2.80

63.77

1.02.77

Trunk
flexion at

max
flexion
(dee)

8.1_0

5.83

34.20

L3.87

53.80

88.20

84.17

5.07

33.90

68.23

L00.43

87.00

51.93

34.40

4.23

27.10

35.00

87.73

36.83

9.40

225

92.37

27.40

63.00

6.37

25.1.3

35.33

-1.1,27

21,.00

2,77

-10.L0



Subject
2 foot

landing (Y=1,

N=0)

lntervention Group at rime Two - other variabres

1

2

3

4

Toe landing
(right)(Y=1,

N=0)

0.33

5

o.67

6

0.00

7

0.33

8

1.00

Toe landing
(left) (Y=1,

N=0)

9

1.00

1.00

10

1.00

0.00

1.00

0.33

L.00

1.00

1.00

0.00

Stance
phase time

(sec)

L.00

1.00

1.00

1.00

1.00

1.00

1.00

L.00

L.00

1.00

Anterior/posterior
stance (m)

0.L6

1.00

0.24

1.00

0.17

1.00

0.37

1.00

0.19

1.00

0.31

0.17

0.L6

Medial/ lateral
stance (m)

0.09

0.29

0.07

0.20

0.1_9

0.19

0,03

0.05

0.04

0.3s

0.10

0.31

0.04

0.37

0.13

o.22

0.12

0.24

0.24
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0.43

0.L9

0.28



Subject
R¡ght

ankle at
lr (deg)

lntervention Group at Time Three - lnitial Touchdown

L

2

Left ankle
at lT
(dee)

3

-46.73

4

-43.97

5

-49.87

6

Right
knee

flexion at
lT (dee)

-2r.83

7

-37.53

-29.67

8

-54.30

-26.63

9

-52.I3

-42.70

10

Left knee
flexion at
lr (deg)

-23.97

-5r.87

-30.70

8.80

-38.87

1.8.47

-36.70

-38.73

20.77

-39.73

Right
knee

valgus at
lT (deg)

34.83

-41,.23

1.3.73

1,8.07

-52.83

20.23

19.13

-39.33

19.to

19.20

Left knee
valgus at
lr (deg)

26.03

26.13

-2.30

1.3,07

18.13

-0,90

21..80

23.57

-0.s3

41..50

Right hip
flexion at
lT (deg)

-0.63

20.80

L.93

1_.10

20.57

0.00

-1,.40

31.83

-0.63

-3.87

Left hip
flexion at
lT (deg)

-1..37

3.83

22.17

2.1,0

-3,90

29.53

3.37

2.93

22.67

17.67

Trunk
flexion at
lr (deg)

36.67

-0.60

22.17

27.63

2.63

24.87

1.0.70

5.50

26.r3

23.77

39.53

2s.63

1.53

21,.93

30.47

8.37

1,4.60

9.27

-3.57

33.17

27.83

5.97

31".20

3.23
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-8.73

1,2.33

-1.63

s.60

LO7

-10.03



Subject

lntervention Group at rime Three - position of Maximum Flexion

Rieht
ankle at

max
flexion
(dee)

t
2

Left ankle
at max
flexion
(dee)

3

15.03

4

Right
knee

flexion at
max

flexion
(dec)

5

9.07

15.27

6

10.90

7

20.00

8

3.77

1.03

9

8.20

Left knee
flexion at

max
flexion
(des)

1.8.97

21.30

10

26.53

s.33

76.00

-2.27

23.63

90.67

0.90

13.93

73.20

Right
knee max

valgus
(dee)

23.73

133.00

14.00

79.07

68.33

7.73

87.70

74.00

24.43

75.73

Left knee
max

valgus
(dee)

1.01,.23

137.20

90.37

-L3.90

80.20

78.00

-19.93

79.70

Right hip
flexion at

max
flexion
(des)

69.97

-3.90

99.70

4.33

76.63

1.5.40

6.00

82.67

24.70

-3.27

68.s3

Left hip
flexion at

max
flexion
(des)

1.s0

-9.00

-7.67

17.20

55.43

-1.9.67

7.ro

83.40

9,43

Trunk
flexion at

max
flexion
(des)

2.73

51.07

32.27

133.37

-10.87

51.33

53.20

1.4.80

73,53

53.43

8.73

48.70

77.33

I34.10

48.13

7.40

54.77

67.17

28.63

53.27

30.33

3.63

68.80

34.30

51,.23

66.63

8.10
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6.O7

30.20

10.70

5.23

18.03

-7.93



Subject
2 foot

landing (Y=1,

N=0)

lntervention Group at Time Three - Other Variables

1

2

3

4

Toe landing
(right) (Y=t,

N=0)

1,00

5

0.33

6

1.00

7

0.67

8

1.00

Toe landing
(left) (Y=1,

N=0)

9

1.00

1.00

10

1.00

0.67

1.00

0.33

1.00

1.00

1.00

1.00

Stance
phase time

(sec)

1.00

1.00

1.00

1.00

1_.00

1".00

1.00

1.00

L.00

1.00

Anterior/posterior
stance (m)

0.18

L.00

0.27

1.00

o.17

1.00

0.34

1.00

0.12

1.00

0.17

0.0s

o,2s

Medial/ lateral
stance (m)

o.1"4

o.17

0.05

0.31

0.14

0.16

0,10

0.04

0.13

o.29

0.20

0.31

0.05

0.26

0.06

0.29

0.21,

0.25

0.45

-0.03
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0,1s

0.27



Subject
Right

ankle at
lT (dee)

lntervention Group at Time Four - lnitial Touchdown

T

2

Left ankle
at lT
(dee)

3

-42.20

4

-21,.77

5

-53.87

6

Right
knee

flexion at
lr (deg)

-8.60

7

-39,63

-31.00

8

-55.20

-46.30

I

-55.30

-31,.40

10

Left knee
flexion at
lr (deg)

-16,10

-27.07

1,6.47

-39.57

-39.37

47.30

-47.20

-1.63

24.43

-33.87

Right
knee

valgus at
lr (deg)

29.03

-42.87

1,6.20

28.33

-50.37

18.33

19.87

-28.07

25.47

24.70

51.23

Left knee
valgus at
lr (deg)

33.00

-1.17

18.97

12.83

-0.97

1.8.27

49.57

-0.77

25.10

Right hip
flexion at
lT (deg)

3.57

17.17

L.87

0.83

22.03

-0.77

-1.30

36.!7

-r.57

0.87

Left hip
flexion at
lr (deg)

-0.60

-2.77

37.20

0.03

-1.80

50,03

0.93

-5.77

22.83

0.37

Trunk
flexion at
lr (deg)

48.47

-1.00

34.03

24.40

1.20

18.73

4.70

6.40

L9.03

24.17

66.97

36,87

10.37

14.70

19.93

9.L3

5.87

41..30

-1.90

22.1.O

14.70

1_3.83

-2.I3

25.70
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-15.50

26.47

11.13

L.33

2.17

8.47



Subject

Right
ankle at

max
flexion
(dee)

lntervention Group at rime Four - position of Maximum Flexion

1

2

left ankle
at max
flexion
(dec)

3

2L.83

4

26.97

Right
knee

flexion at
max

flexion
(dee)

5

13.53

6

17.40

7

2t.oo

L2.sO

8

4.97

10.03

9

Left knee
flexion at

max
flexion
(dee)

20.37

10

11.63

29.r7

8.70

79.60

1.6.57

24.70

93.70

L.O7

25.37

68.10

Right
knee max

valgus
(dee)

13.13

1.47.47

20.60

81.80

76.90

4.13

86.47

73.r0

22.40

70.00

Left knee
max

valgus
(des)

73.50

1.52.67

76.63

-7.30

74.77

74.30

-10.87

78.43

89.33

Right hip
flexion at

max
flexion
(dee)

-3.27

68.47

1,4.73

87.77

1,6.20

-6,83

76.40

1.6.47

-s.37

87.13

Left hip
flexion at

max
flexion
(dee)

-1..23

-8.43

-9.33

-11,33

62.57

-12.97

1.60

91.50

-16.90

8.17

Trunk
flexion at

max
flexion
(dee)

42.40

-0.97

136, L0

-2.80

54.07

s0.13

1,1,.47

80.67

38.33

18.60

36.87

s5.27

150.90

67.00

10.50

49.67

56.60

33_.17

39.10

96.13

-2.53

55.10

2s.00

69.47
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52.30

5.37

-3.97

98.20

18.87

9,83

10.37

38.93



Subject
2 foot

landing (Y=1,

N=0)

lntervention Group at Time Four - Other Variables

I
2

3

4

Toe landing
(right) (Y=L,

N=0)

o.67

5

0.00

6

1.00

7

0.33

8

0.67

Toe landing
(left)(Y=1,

N=0)

9

L.00

0.67

10

1.00

0.00

1_.00

0.00

0.s0

1.00

1.00

0.33

Stance
phase time

(sec)

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

Anter¡or/posterior
stance (m)

0.18

1.00

0.37

L.00

0.15

1.00

0.31

L.00

0.1_6

1_.00

o,r7

o.o7

0.15

Medial/ lateral
stance (m)

o.o7

0.32

0.04

0.18

0.13

0.26

0.05

0.0s

0.13

0.36

0.41,

o.o7

0.05

0.29

0.11"

0.29

0.22

o.27

0.28

o.42
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0.18

0.4s
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Re: permission for thesis

E<srm (ksm @ kysportsmed.co m)
,:r,r:ri. September 10, 2008 1:37:06 PM

',: Joanne Parsorrs (parsonsjoanne@hotmail.com)
ir,¡- : P=::¡¡Lì s.si_itrr i,:,:l lc;p_r:j i:t of f-igi:::es

iìr.-.r l.iq ,i:: r^-:nr,:.

Per:nr.i-s.'-r .cn i:r he::eb\¡ iiran¡-od fo¡ ::e¡,.::-:-n: cf l:-csii-i-cn o¡ l'io i.ì.e-¡'ur¡r
f i q;.-iL:e ;ind |tiJs. l-. Íi 6 oÌ-t pi::.{c:S lj4iJ ¿.:nd c¿li 1n l_¡re ¿.:r1-icle .,Tl-rc: f emal i.r

,r.i[]],: IÀii!'r'rs ij_. nicle pícrre to ríÌ1,¿t'v':",
Fi-i-ri-r-.;<= i-r so i:r,tcìi i- I j t-is wi i._l-i reì:':_"i¡:i oi f -.!,c¡u.r.cs.

fj-'rnce ::e l'r; yOi.ìi.S /

i"l¿i::\: Llc\;il Irelan,i¡ iq. D.
A.s s oc i. ¡;..;e .,L-rï o i: e -s s or:
iJriivers i L 1"r cl- I{err1: uck_v
Dept . c'.,r O::tt-;o¡-raecii c Surcer:rl,' u

Soi:,-ri*s i"ie,l i':ine
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RE: permission to use figure (JOBOiOS Feedback Form)
ìll: l rir:l

Fatiemt Rights (rig hrs@jbjs.org)
r,.:,:ìr May 72,200910:15:08 AM
', r.,.'Joanne Parsons' (parsons_joanne@hotmail.com)
Dear Ms. Parsons:

Permission is granted, on condition that the full citation is given in proximity to the illustration
or table, along wíth acl<nowledgment that the copyright is owned by The Journal of Bone and
Joint Surgery, lnc. Acl<nowledgment by means of a reference to a bibliographic citation is not
a deq uate.

Rights and Permissions I Permissions Coordinator
The Journal of Bone & Joint Surgery
20 Pickering St, Needham , MA 02492
ph 781.433.1222 | fax 781.449.9792

ü:norm : Joa nne Pa rsons Ima ílto : pa rsonsjoan ne@ hotma il.com]
Se¡tt: Monday, May 11, 2009 6:46 pM

T'o: rights@jbjs.org
Subject: RE: permission to use figure (JOBOJOS Feedback Form)

I would like io use Figure 1, "vector analysis of patellar ligament pull" from the
a rticle,
"Use of the Quadriceps Active Test to Diagnose
Posterior Cruciate-Ligament Disruption and Measure Posterior Laxity of the Knee"

Authors: D. M DANIEL, MARY LOU STONE, PETER BARNETT,
AND RAYMOND SACHS

The Journal of Bone and Joint Surgery, 19BBA; 70:386-391.

I will be defending my thesis the week of June 24,2009. My institution is the
UnÌversity of Manitoba in Winnipeg, Manitoba, Canada,

if you need additional information, you can email or call me at 204'.474-6875.

Thank you,
Joanne

Joønnez?øï|ôvw
ß't4R(?T), CAT(C)
Physiotheropist
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