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ABSTRACT 

Because of the high incidence of ankle sprains, prophylactic ankle braces have 

been used to reduce the ankle sprains. Changes in kinematics and kinetics at the ankle 

occurring with prophylactic bracing may increase the possibility of knee injury 

specifically an anterior cruciate ligament (ACL) tear by transferring greater forces to the 

knee and increasing knee joint loadings. The purpose of this study was to determine the 

influence of prophylactic ankle bracing on knee joint kinetics and ground reaction force 

during an unanticipated 90° side-step cutting task in order to assess knee mechanics 

relevant to potential ACL injury risk. The data from 30 subjects (15 men and 15 women) 

were used for data analyses and post processing. This study did not find any influence of 

bracing on the ground reaction forces, but 33% increase in knee internal rotation moment 

when wearing ankle braces was observed (p < 0.003). These results suggest that ankle 

bracing impose greater stress on the ACL during the 90° side-step cutting task and may 

place an individual at a greater risk for noncontact ACL injury. 
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CHAPTER I  

 INTRODUCTION 

Introduction to the problem 

Ankle sprains are the most frequent injuries in sports and activities of daily living 

(Eils & Rosenbaum, 2001). Over two million people suffer from ankle injuries per year 

(Ivins, 2006). Epidemiological studies have shown that 10-28% of all sports injuries are 

ankle sprains, often leading to a long absence from athletic activity compared to other 

types of injuries (Garrick & Requa, 1988). 

  Because of the high incidence of ankle sprains, different interventions such as 

exercises, ankle taping techniques, and ankle braces have been used to reduce the first 

time incidence and recurrence of ankle sprains (Papadopoulos, Nicolopoulos, Anderson, 

Curran, & Athanasopoulos, 2005). Since studies have reported that taping is more 

difficult to apply, time consuming, costly, and loosens during activity (Gross, Lapp, & 

Davis, 1991), athletes have been widely using the concept of ankle bracing during sports 

activities to prevent ankle injuries over the other interventions (Garrick & Requa, 1973).  

Jerosch et al. (1996) reported that applying a prophylactic brace can prevent an 

estimated number of 30 ankle sprains per 1000 athletic exposures (Jerosch, Thorwesten, 

Bork, & Bischof, 1996), but how these ankle braces might affect the other joints such as 

knees is not well-known (Sitler et al., 1994). Each joint of the lower extremity has its 

own role during human movement. However, changes in motion at one joint influence 

the motion of other joints according to kinematic chain theory (Hamill, Bates, & Holt, 
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1992; Reuleaux, 1876). Just like each joint can have an effect on the next joint during 

normal movement, limitation of joint movement at one joint can affect others. 

Biomechanical changes such as applying an ankle brace can alter the stresses that occur 

in other joints such as knee and hip (Orteza, Vogelbach, & Denegar, 1992).  For example, 

the brace at the ankle will alter the movement of tibia which will in turn alter knee joint 

kinematics. If the lower extremity has to absorb a certain amount of force during foot 

contact on the ground, a greater range of motion at the ankle joint will likely transfer less 

force to the proximal joint (i.e., knee) compared to less range of motion at the ankle joint. 

Therefore, some researchers suspect that the changes in kinematics and kinetics at the 

ankle occurring with prophylactic bracing may increase the possibility of knee injury 

specifically an anterior cruciate ligament (ACL) tear by transferring greater forces to the 

knee and increasing knee joint loadings (Teitz, Hermanson, Kronmal, & Diehr, 1987; 

Verhagen, van Mechelen, & de Vente, 2000).  

Venesky et al. (2006) reviewed the effect of a semirigid prophylactic ankle brace 

on knee moment during drop landings onto a slanted surface. The slanted surface was 

used to simulate the mechanism of an ankle injury such as landing on someone’s foot. 

The knee abduction data demonstrated that wearing an ankle brace during a landing task 

does not produce more stress on the lateral structures of the knee. However, they found 

an increase in knee external rotation moment when the ankle was braced (Venesky, 

Docherty, Dapena, & Schrader, 2006). Santos et al. (2004) also reported that the use of 

prophylactic ankle braces resulted in increased knee axial rotation during the trunk 
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turning movements (Santos, McIntire, Foecking, & Liu, 2004). The results of these 

studies indicate that the use of ankle braces increases knee internal rotation and hence the 

risk of knee injury such as an ACL tear since the primary function of the ACL is limiting 

the knee anterior sliding and axial rotation (Andersen & Dyhre-Poulsen, 1997). 

To date, only a single study has observed the relationship between ankle brace use 

and knee injury rate.  McGuine et al. (2012) observed no difference in the incidence of 

acute knee or the severity of knee injuries with ankle bracing during a single football 

season in 2081 high school football players. However, the authors acknowledged that 

their study may not have adequate sample size and statistical power to detect a 

statistically significant difference (McGuine, Hetzel, Wilson, & Brooks, 2012). McGuine 

et al. (2012) did not report a positive or negative relationship between the use of ankle 

brace and knee injury incidence. Having high injury risk, however, did not necessarily 

result in increased injury rates because there are many other factors that affect injury 

frequency such as different adaptation strategies, exposure to an injury prevention 

program, and environmental conditions. Additionally, as football is a full contact sport, 

knee injuries may not have been “non-contact” in nature. Therefore, it is necessary to 

examine the biomechanical aspects of an injury mechanism rather than the statistical 

association in a restricted manner. A more comprehensive understanding of the effect of 

ankle bracing on the adjacent joints will lead to better prevention and rehabilitation 

strategies in ankle and knee injuries. 
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The significance of the ACL injury 

The effects of ankle bracing on knee joint biomechanics are important because of 

the severity of knee injuries, specifically ACL injuries. Injury to the ACL is a common 

knee injury and can occur in men and women of various ages, and at any level of athletics 

(Emerson, 1993; Lindblad, Jensen, Terkelsen, & Helleland, Handboldskader. En 

epidemiologisk og sociookonomisk undersogelse./1993; Myklebust, Maehlum, 

Engebretsen, Strand, & Solheim, 1997). The difficulties after sustaining an ACL injury 

include increased risk of developing knee osteoarthritis 10-15 years after the injury and 

financial burden (von Porat, Roos, & Roos, 2004). A surgical ACL reconstruction costs 

approximately $17,000 (Hewett, Lindenfeld, Riccobene, & Noyes, 1999). Additionally, 

the athlete could lose playing time and practice time (Baier & Hopf, 1998). Therefore, 

even though an ACL tear is normally not career ending, it affects an athlete greatly. 

The significance of the task 

 In this study, subjects will perform 90° side-step cutting tasks. These movements 

are crucial for athletes to evade an oncoming defensive opponent during sport games 

(Scott G. McLean, Lipfert, & Van Den Bogert, 2004). The cutting task involves sharp 

twisting/turning and rapid deceleration/acceleration with a quick change in direction 

which will put multi-directional loads on the lower extremity neuromuscular structures. 

Mckay et al. (2001) reported that 30% of ankle injuries during a collegiate basketball 

season were incurred during a sharp twist/turn (McKay, Goldie, Payne, & Oakes, 2001). 

Additionally, other observational studies reported that non-contact ACL  injuries 
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frequently occur during cutting or landing maneuvers during sports play (Boden, Dean, 

Feagin, & Garrett, 2000). For these reasons, subjects will be required to perform 90° 

side-step cutting tasks both with and without ankle braces in order to examine how the 

ankle brace affects knee joint loadings. 

Certain gender differences in ACL injury have been reported in the literature. 

However, scientific comparisons across genders will not be made in this study, and are 

beyond the scope of this paper. Men have demonstrated about a 10~20% greater capacity 

for endurance, short-duration, and high-intensity exercise when compared to women due 

to factors such as different body and organ size (Brooks, 2004). However, lower 

extremity strength and performance during cutting have not been strongly related. Pollard 

and colleague(2004) reported that male and female collegiate soccer players 

demonstrated similar hip and knee joint kinematics and kinetics while performing a 

randomly cued cutting maneuver (Pollard, Davis, & Hamill, 2004). The study by Pollard 

et al. supports the notion to combine genders and to focus only on the effect of ankle 

bracing.  

The purpose of the study 

The purpose of this proposed study was to determine the influence of prophylactic 

ankle bracing on knee joint kinetics and ground reaction force during an unanticipated 

90° side-step cutting task in order to assess knee mechanics relevant to potential ACL 

injury risk. 
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Research questions 

1. Are there differences between the “brace” and “unbrace” (ankle) conditions in 

terms of the following variables: 

a. Peak knee moment: specifically flexion, abduction, and internal 

rotation moments. 

b. Peak ground reaction forces (GRF): mediolateral (Fx), 

anteroposterior (Fy), and vertical (Fz) GRF. 

2. Is there a significant relationship between knee moment and GRF variables 

identified in ankle brace conditions (braced and unbraced condition)? 

Hypotheses 

1. It is hypothesized that participants in the braced condition would exhibit 

greater knee moments compared to the unbraced condition during foot 

contact.  

a. flexion moment. 

b. abduction moment. 

c. internal rotation moment. 

2. It is hypothesized that participants in the braced condition would exhibit 

greater ground reaction force compared to the unbraced condition 

during foot contact. 

a. peak mediolateral (Fx) GRF 

b. peak anteroposterior (Fy) GRF 
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c. peak vertical (Fz) GRF 

3. It is hypothesized that the dependent variables would display high 

correlation (r > 0.7) with each other. Specifically between: 

a. Peak knee abduction and knee internal rotation moments 

b. Peak mediolateral (Fx), anteroposterior (Fy), and vertical (Fz) GRFs 

Delimitations 

This study will be delimited to the following participants:  

1. The subjects will be college students attending Texas Tech University. 

2. The subjects will not be highly trained athletes. Thus, greater variability of 

cutting techniques is expected to be seen among subjects. 

3. A 90° side-step cutting task will be the functional task chosen to measure 

dependent variables. 

4. There is the possibility of observing gender differences in dependent variables 

across brace conditions. However, since it is not a main goal of this study to 

examine gender differences, this study will use pooled data sets (i.e., male and 

female data will be combined) and focus only on bracing effects. 

Assumptions 

 The following assumptions will apply to this study:   

1. Knee moments are an acceptable indicator of knee ligament stress. 
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2. The reflective marker placement will be consistent between subjects, 

ensured by having the primary investigator apply all markers to the 

subjects. 

3. The subjects will consistently perform the cutting tasks. 

4. The ankle brace will limit ankle inversion-eversion and plantar-

dorsiflexion in all subjects. 

Limitations 

This study will be limited by the following: 

1. This study does not provide training period to get used to the brace.  

2. This study will not examine long term effect of wearing ankle brace.  

3. Female subjects’ menstrual cycle which has been associated with 

ligament laxity will not be controlled. 

Definition of terms 

Cutting tasks:  participants will be told to approach the force plates at a “game-

like” speed. They will plant their foot completely on the force plate then cut out (90 

degree) to the left or right. Knee angle will be calculated by determining the difference 

between the absolute thigh and absolute shank segments angles. 
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CHAPTER II  

 REVIEW OF LITERATURE 

Ankle injury mechanism and brace  

Mack (1982) has reported that the majority of ankle sprains in basketball is 

associated with landing with the foot in supination on another player’s shoe following a 

high jump (Mack, 1982). Johnson et al. (1993) also reported that most ankle injuries are 

followed by foot inversion when foot is in plantar flexion and internally rotated (Johnson 

& Johnson, 1993). Therefore, the purpose of wearing ankle brace has been to provide 

mechanical restriction of unwanted ankle joint motion and to reduce stress on ankle joint 

ligaments with minimal interruption of normal ankle movement (Wilkerson, 2002). 

Jerosch et al. (1996) reported that applying a prophylactic brace can prevent an estimated 

number of 30 ankle sprains per 1000 athletic exposures (Jerosch et al., 1996). For that 

reason, the use of prophylactic ankle bracing in sports has increased greatly in recent 

years (Verhagen, van Mechelen, & de Vente, 2000). 

Past studies have focused on the effects of ankle brace on ankle movement 

restriction, proprioception/balance, and performance. However, the influence of ankle 

bracing on other joints appears relatively unexplored. The limitation of ankle movement 

may lead to increased loading on the knee joint, which could be a potential risk of knee 

injuries during athletic activities.  
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Effect of ankle brace overall 

Many studies have evaluated the effects of ankle bracing on the functional 

performance (i.e., jumping, running, and landing). However, the findings have not been 

consistent and it is hard to draw clear conclusions considering the various types of ankle 

brace with relatively different effects. 

Joint restriction 

 Ankle bracing has been shown to prevent ankle sprains through a restriction of 

the joint range of motion (ROM). Of all ankle injuries, 85 % are to the lateral ankle 

structures (Garrick, 1977). For that reason, the primary function of prophylactic ankle 

bracing should be to decrease inversion range of motion without losing too much ability 

to perform sports activities. McCaw and Cerullo (1999) examined ankle joint kinematics 

with the different types of ankle braces (soft, semirigid, rigid), and ankle taping and 

compared to no brace condition during landing from 59 cm height. Results demonstrated 

that both the range of dorsiflexion and angular velocity of ankle joint were significantly 

reduced with all ankle supports compared to the control condition (McCaw & Cerullo, 

1999). Another study found that some braces restricted ankle joint ROM during landing, 

including decreased plantar flexion at foot contact and decreased dorsiflexion at maximal 

knee flexion. Not only are plantar flexion and dorsiflexion affected, but bracing can also 

reduce internal-external rotation at the ankle (Bruns, Scherlitz, & Luessenhop, 1996). 

Past studies also reported the effectiveness of bracing in constraining eversion and 

inversion ankle motion (Nisikawa, Kurosaka, Mizuno, & Grabiner, 2000; Siegler, Liu, 
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Sennett, Nobilini, & Dunbar, 1997). The restriction of total movement amplitude in 

ankles appears to support the notion that wearing the ankle brace reduces ankle sprains. 

All types of ankle supports were significantly more effective at range of motion reduction 

compared with no brace groups. According to Alves et al. (1992), athletes should choose 

the brace that gives them the most comfort, since most of ankle braces have positive 

effects on ankle joint support (Alves, Alday, Ketcham, & Lentell, 1992). 

Performance 

Studies on the influence of ankle brace on sports performance have shown 

controversial results. Some researchers did not find any significant difference in speed 

and agility during tasks such as jumping and running when they compared performance 

of the subjects with and without the use of ankle taping or bracing (Pienkowski, 

McMorrow, Shapiro, Caborn, & Stayton, 1995; von Porat, Roos, & Roos, 2004).  

On the other hand, Burks et al. (1991) and Mackean et al. (1995) have observed 

that tape and ankle braces had disadvantageous impact on the most performances tested 

such as vertical jump, broad jump, shuttle run, and sprint when compared with those 

performed without a brace (Burks, Bean, Marcus, & Barker, 1991; Mackean, Bell, & 

Burnham, 1995).   

A possible explanation for this discrepancy is that different adaptation strategies 

may have been used by subjects performing various functional tasks while wearing an 

ankle brace (Caillou, Nourrit, Deschamps, Lauriot, & Delignieres, 2002; Cirstea & Levin, 
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2000; Hollands, Sorensen, & Patla, 2001; Ozer, Senbursa, Baltaci, & Hayran, 2009; 

Steenbergen, Marteniuk, & Kalbfleisch, 1995). 

 Joint proprioception and postural control 

The effect of ankle bracing on joint proprioception and postural control has been 

inconsistent among studies. It has been assumed that the method of applying the ankle 

support directly to the skin, as opposed to over a sock or shoe for example, would 

improve proprioception by stimulating the cutaneous receptors. Feuerbach et al. (1994) 

tested the effect of a brace on joint position sense both with and without ankle ligament 

anesthesia. Because wearing the brace improved the accuracy of active replication of 

reference ankle positions in each of three planes even in the anesthetized condition, the 

authors concluded that ligament mechanoreceptors play little role in ankle joint 

proprioception but the brace may have enhanced proprioception from cutaneous 

mechanoreceptors (Feuerbach, Grabiner, Koh, & Weiker, 1994). Wilkerson (2002) noted 

that awareness of ankle joint position is important before ground contact in order to avoid 

landing in an inverted ankle position and prevent ankle sprains (Wilkerson, 2002). Baier 

and Hopf (1998)  also found that ankle braces significantly improved balance in a group 

of athletes with instability (Baier & Hopf, 1998). Feuerbach and Grabiner (1993) found 

decreased anteroposterior and mediolateral postural sway in normal subjects when an 

ankle brace was worn during static and dynamic tests using the Balance System 

(Chattecx Corpotation, Cjattanooga, TN) (Feuerbach & Grabiner, 1993). On the other 

hand, Bennell and Goldie (1994) demonstrated that use of a Swede-O laced up brace and 
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adhesive tape reduced one-legged stability. Their explanation for the results was that the 

limited ankle ROM hindered athletic performance then impaired subjects’ postural 

control (Bennell & Goldie, 1994).  

EMG 

Some researchers have questioned long term use of ankle braces. It is assumed 

that supporting a healthy ankle may weaken the neuromuscular structures surrounding the 

joint and may lead the structures to remodel themselves, increasing dependence on the 

braces (Cordova & Ingersoll, 2003). The peroneus longus and the peroneus brevis are 

known to be the most commonly strained muscles in inversion ankle sprains (Johnson & 

Johnson, 1993). Cordova and Ingersoll (2003) reviewed the stretch reflex amplitude of 

peroneus longus during sudden foot inversion to investigate the immediate and chronic (8 

week application) effects of ankle brace application.  They found that initial and long 

term use of a lace up style ankle brace and chronic use of a semi-rigid brace enhanced the 

amplitude of the peroneus longus stretch reflex and concluded that ankle brace use does 

not negatively affect the magnitude of the stretch reflex in the healthy ankle (Cordova & 

Ingersoll, 2003). In their other study, they also found that long term use of ankle brace 

does not affect EMG response latency of peroneus longus when compared to control 

conditions (Cordova, Cardona, Ingersoll, & Sandrey, 2000). Therefore, previous 

literature does not support any negative effect of ankle brace use on surrounding ankle 

neuromuscular structures.  
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Ground reaction force 

In one study by Sacco Ide et al (2006), bracing and taping produced alterations in 

vertical and mediolateral ground reaction forces when compared to control conditions 

during cutting tasks. Bracing showed better shock-absorbing effects compared with the 

other two conditions. Wearing the brace reduced vertical and mediolateral ground 

reaction force components over a longer time interval (Sacco Ide et al., 2006). Cloak et al 

(2010). reviewed peak mediolateral ground reaction force during 45° side-step cutting 

tasks in collegiate basketball players and found that the application of an Aircast brace 

significantly reduced peak mediolateral forces during contact time on the force plate 

compared with no brace. The application of an ankle brace appears to increase ankle 

stabilization to accommodate the rapidly induced mediolateral forces compared with 

wearing no brace at all (Cloak, Galloway, & Wyon, 2010). However, other researchers 

did not find any difference in ground reaction force in peak impact force, maximum 

loading force, or peak propulsion force between control conditions, orthoses, and taping 

(Cordova, Armstrong, Rankin, & Yeasting, 1998). Cloak et al (2010). argued that the 

insignificant differences in ground reaction force reported in Cordova et al (1998). was a 

result of the subjects not producing enough ankle moment during testing. The authors 

went on to say that the introduction of a defensive opponent during cutting tasks in the 

laboratory and ensuring sufficient approach speeds would increase the validity of results 

(Cloak et al., 2010). 
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Summary 

In summary, the literature review revealed controversial effects of ankle bracing 

except for the effect on the restriction of ankle range of motion. Even though previous 

experiments have not demonstrated a unanimous result on most parts, it appears there is 

some evidence that ankle bracing influences one’s movement pattern. At this time, only 

two studies have looked at the effect of ankle bracing on knee joints mechanics (Santos et 

al., 2004; Venesky et al., 2006). Furthermore, no studies have looked at how prophylactic 

ankle bracing influences knee joints kinetics and ground reaction force especially during 

an unanticipated 90° side-step cutting task.  

In this study, 90° was chosen instead of 45°. The 90° cutting task seemed to 

resemble true cutting movement in actual sports activities and represent the situation 

when athletes are at a greater risk. Given the discrepancy between studies and the lack of 

research, investigating the mechanical effect of ankle bracing is needed. This study will 

corroborate and extend the earlier studies with a focus on potential ACL injury risk 

factors. Findings from this study could potentially be utilized for prescribing ankle braces 

by clinicians and coaches and ACL injury prevention program. 
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CHAPTER III 

METHODOLOGY 

To investigate the effects of ankle bracing on knee kinetics and underfoot forces 

as occur during side-step cutting, motion analysis and ground reaction forces will be 

simultaneously measured in both a braced and unbraced (i.e., control) conditions while 

subjects performed 90°  side-step cutting maneuvers. A 90°side-step cutting task was 

selected because it is believed to stress the knee structures in a manner consistent with 

ACL injury. It involves sharp twisting and turning of the entire body coupled with 

simultaneous deceleration which is then immediately followed by a dramatic acceleration 

in a new direction. Often, such a maneuver is observed as athletes evade oncoming or 

defensive opponents (S. G. McLean, Huang, Su, & Van Den Bogert, 2004; Scott G. 

McLean et al., 2004). Additionally, nearly 30% of documented ankle injuries as well as 

frequent ACL injuries have been reported to occur during side-step cutting. The 

following section describes the methodology that was used in this study. 

Subjects 

Thirty subjects, 15 male and 15 female, were recruited to participate in the study. 

Subjects were between the ages of 18 and 25 at the time of testing. Because of the time 

constraints and unique nature of this study, a large effect size (d=.80) was utilized for 

each dependent variable.  With a desired statistical power of 80% (1- β = 0.80), and α = 

0.05, it was determined that a minimum of 26 subjects would be required for the present 

study (for 2-tailed tests) (Cohen, 1988). However, 30 subjects were chosen to account for 
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attrition. All subjects were screened for any current lower extremity or back injury at the 

time of testing. Subjects must have never had surgical intervention on the lower limbs, 

and never have used ankle braces as a preventive measure. Subjects must be physically 

active, defined as either intramural athletics or regular moderate to vigorous exercise 

three or more days per week. Distance runners were excluded. Subjects were required to 

have body mass index (BMI) no greater than 30, thereby eliminating the possibility that 

there might have been excessive loading on the joints, or other abnormalities resulting 

from states of excessive weight, and to justify the use of the Plug-In-Gait kinematic 

marker set. 

Participants were recruited from Texas Tech University via word of mouth, 

announcement services (e.g. Tech Announce) and flyers posted around campus.  

Participants were instructed to bring or wear their own tight fitting athletic apparel and 

shoes.  Researchers also reserved the right to exclude any participant, for any reason 

deemed unsafe or inappropriate for the study. 

Description of the brace 

ASO ankle braces (Medical Specialties Inc. Charlotte, NC) as seen in Figure 1 will be 

used bilaterally for ankle support in the “braced” condition. The brace features a lace-up 

closure with figure-eight pattern straps. Brace size for each subject was determined by 

measuring the circumference spanning the ankle and heel, as per manufacturer 

guidelines.  
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Figure 1. ASO ankle brace. 

 

Protocol 

Prior to participation, each subject was informed of the study’s purpose and 

signed an informed consent waiver. Data collection required one 2-hour visit to the lab. 

Personal exercise participation history was documented, and anthropometric 

measurements (age, height, weight, lower body limb lengths and widths, etc.,) were 

obtained. Participants wore their own “tight-fitting” clothes and athletic shoes. Upon 

arrival to the lab, the participants were given time to change clothes if necessary, stretch, 

and warm-up. Stationary bikes were available if the participants desire to use them.  

The participants completed 14 successful trials of the cutting maneuver in both 

the brace condition (while wearing ankle braces bilaterally) and in the unbrace (control) 

condition.  Each set of 14 trials consisted of seven cuts to the left and seven cuts to the 

right occurring in random order. Each subject was assigned to one of two order 

conditions, either cutting test without brace first or cutting test with brace first. To control 

for any learning effect, brace condition was counterbalanced, where half of the male and 

female subjects first performed trials in the brace condition followed by the control 

condition; while the  other half first performed trials in the unbrace condition followed by 
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the braced condition. The order of the direction of the cuts (to the left or right) was 

determined a priori by coin flip before the participants arrive. The average of the first five 

successful trials for subjects cutting off of their dominant legs in each condition was used 

for the data analysis (e.g. cutting to the left for a right footed).  The remaining two 

successful trials were retained in the event one or more of the analysis trials could not be 

used (e.g. technical or computer error during analysis). The dominant leg for each subject 

was defined as the leg with which he or she preferred to kick a ball.  The trials requiring 

subjects to cut in the opposite direction and off the non-dominant leg will be retained for 

future analysis beyond the scope of this thesis. The main purpose of those trials for the 

current study was to prevent fatigue in the dominant limb as well as to retain a relatively 

“unanticipated” cutting direction.  The participants were given the opportunity to 

complete as many practice trials as they feel necessary prior to the experimental trials. 

Data collection took place at the Texas Tech Biomechanics lab and Muscle Assessment 

lab located in Exercise & Sport Sciences (ESS) building Rooms 103 and 107. 

Cutting data collection procedures 

The participants were instructed to approach the force plates at a “game-like” 

speed. Standing directly behind the force plate (approximately 50 cm behind the plate) 

and facing the subject as they approached was a lab assistant who knew the order of the 

cut directions. Tape lines on the floor will help guide the initial run-up direction for 

subjects and another set of tape lines branching 90 degrees to the left and right will help 

guide subjects cut directions after contact with the plate. When the participant was 
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approximately 2 meters (6-8 feet) from the force plate, the lab assistant shouted and 

pointed with his arms to the right or left (as if in a cutting drill) to indicate the direction to 

which the subject was to cut. Participants were allowed as much time as needed between 

each trial.  

In order for a trial to be considered successful, the participant’s entire foot must 

land on the force plate during the cut. Subjects were allowed to take stutter steps if 

necessary in order to successfully contact the force plate with their desired foot. Lab 

personnel were positioned around the data collection area to ensure that the subject’s foot 

was completely on the force plate. If the trial is not successful, then the pre-set trial order 

continued with a note being made of the unsuccessful trial (without the knowledge of the 

participant). After the pre-set trials were complete, then any unsuccessful trials were 

added on without the knowledge of the subject. After the completion of the first brace 

condition (whether control or braced), then subjects were allowed to rest, and when ready 

complete trials in the 2nd brace condition.  Since markers were placed on the foot and 

ankle for kinematic analysis, these markers were switched after the brace was either 

removed or placed on the subject, and the subject was re-calibrated in the kinematic 

space for the next condition.   Starting brace condition (with or without the ankle braces) 

was counterbalanced across the subject population in an effort to neutralize any learning 

effects. 

For all trials, joint kinematics and kinetics were obtained using a six camera 

VICON Nexus motion analysis system 1.7.1 (VICON, Nexus, Denver, CO) sampling at 
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100Hz and ground reactions force (2000Hz) from a force plate (AMTI, Watertown, MA). 

A 15 marker lower extremity kinematic model (Plug-In-Gait Sacrum) was used to track 

lower extremity motion during the cutting trials.  The markers were placed on sacrum, 

right and left anterior superior iliac spine (ASIS), lateral knee, lateral malleolus, heel and 

toe. Ground reaction force and kinematic data were time-synched via the VICON system. 

Examples of marker set-up, camera set up and kinematic analysis are presented in Figure 

2, 3, 4, 6 and 7. 

 
Figure 2. Kinematic (Plug-In-Gait Sacrum) marker set-up. 
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Figure 3. Illustration of camera placement and kinematic space. Arrows indicate run-up 
and cut directions relative to force plate. 

 

 

Figure 4. Frontal view of VICON screen shots of a subject kinematic model during a 
cutting trial. 
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Data processing procedures 

Three dimensional marker positions were tracked, and filtered using a Woltring 

filtering routine (general cross validation method). From the marker position (kinematic) 

and force (kinetic) data, peak knee joint moments during the first 30% of stance phase in 

the frontal, sagittal, and transverse directions were calculated utilizing the VICON Nexus 

software. The initial contact period was selected for analysis, because it is during this 

initial contact that the majority of ACL injuries have been reported to occur (Boden et al., 

2000).  An illustration of a 30% of stance phase window of a vertical ground reaction 

force trace is presented in Figure 5. Peak vertical ground reaction forces and hence peak 

moments are clearly experienced within this window.  Acceptable trials were defined as 

those in which no more than 2 consecutive frames of reflective marker data are missing 

for any joint. Knee joint moments were defined as the net torque exerted by the thigh 

segment on the shank segment about the knee joint. All kinetic data were normalized to 

subject body weight.  Details on the kinematics including joint center definition, and joint 

moment calculation are presented in the following sections. 
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Figure 5. Example of a 30% stance phase window overlaid on a vertical ground reaction 
force trace during a side-step cutting maneuver. 
 

Kinematic model (Plug-In-Gait Sacrum) 

After anthropometric measurements, 15 reflective markers were placed on the 

lower body of the participant in accordance with the VICON Plug-In-Gait Sacrum 

kinematic model using double sided tape. The pelvis, thigh, shank, and foot segment 

positions were each identified utilizing three non-collinear markers. Specific marker 

locations are described in Tables 1 and 2, and illustrated in Figures 6 and 7.  
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Table 1 
Pelvis Marker Descriptions (Vicon Motion Systems Limited, 2008) 

Marker Label Definition Position on Participant 

LASI Left ASIS Left anterior superior iliac spine 

RASI Right ASIS Right anterior superior iliac spine 

SACR Sacrum Mid-way between the posterior superior iliac spines 

 

  Table 2 Continued 
  Lower Limb Marker Descriptions (Vicon Motion Systems Limited, 2008)                  

Marker Label Definition Position on Participant 

LTHI Left thigh Over the lower lateral 1/3 surface of the left thigh 

LKNE Left knee On the flexion-extension axis of the left knee 

LTIB Left tibia Over the lower 1/3 surface of the left shank 

LANK Left ankle 
On the lateral malleolus along an imaginary line that 

passes through the transmalleolar axis 

LHEE Left heel 
On the calcaneous at the same height above the 

plantar surface of the foot as the toe marker 

LTOE Left toe 
Over the second metatarsal head, on the mid-foot side 

of the equinus break between fore-foot and mid-foot 

RTHI Right thigh Over the upper lateral 1/3 surface of the right thigh 

RKNE Right knee On the flexion-extension axis of the right knee 

RTIB Right tibia Over the upper 1/3 surface of the right shank 
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  Table 2 Continued 
  Lower Limb Marker Descriptions (Vicon Motion Systems Limited, 2008)                  

Marker Label Definition Position on Participant 

RANK Right ankle 
On the lateral malleolus along an imaginary line that 

passes through the transmalleolar axis 

RHEE Right heel 
On the calcaneous at the same height above the 

plantar surface of the foot as the toe marker 

RTOE Right toe 
Over the second metatarsal head, on the mid-foot side 

of the equinus break between fore-foot and mid-foot 

 

Figure 6. Marker placement for plug-In-Gait lower body models – anterior view (Vicon 
Motion Systems Limited, 2008). 
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Figure 7. Marker placement for plug-In-Gait lower body models – posterior view (Vicon 
Motion Systems Limited, 2008). 

 

Body segments were assumed to be rigid, and joint centers were determined from 

the intersections of the adjoining segments.  A more detailed description of the joint 

center determination is described in the following section.  

Joint center calculation 

The position and scale of the pelvis was determined by the two ASIS markers. 

The posterior sacral marker determined only the anterior tilt of the pelvis relative to the 

ASIS markers. The ASIS markers were also used to determine the lateral positions of the 

hip joint centers within the pelvis segment. The hip joint center for each leg was 

calculated as a function of the point where the line through the knee and thigh markers 

intersected the waist as defined by the anterior superior iliac spines and the sacral marker. 

The ASIS to trochanter distances were calculated from the leg lengths using the formula 

(AsisTrocDist = 0.1288 x Leglength – 48.56). Figure 8 illustrates the pelvis segment 

orientation. The hip joint center is illustrated in Figure 9 (Plug-In-Gait) (Vicon Motion 

Systems, 2008).   
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Figure 8.  Pelvis orientation based on anterior iliac markers and single sacral marker 
(Vicon Motion Systems, 2008). 
 

 

Figure 9. Illustration of knee joint center determination relative to hip joint center (Vicon 
Motion Systems, 2008). 
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The knee marker was located over the “flexion-extension” axes of each knee. This 

location was found by having the participant flex and extend the knee so that the axis of 

rotation could be felt by the researcher. The knee joint center was then calculated using 

the global coordinates of the hip joint center, the global origin as defined during system 

calibration, and the participant-specific anthropometric measurements via the modified 

chord function (Plug-In-Gait) (see Figure 9). Additionally, Figure 10 shows the knee joint 

center and the corresponding axes of the knees. 

 

 

Figure 10. Knee joint center and corresponding axis (Vicon Motion Systems, 2008). 
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Kinematic and kinetic calculations 

Ground reaction forces (GRF) in 3D were monitored during the cut trials using a 

single AMTI force plate sampling at 2000Hz. The plate was manually zeroed before each 

new participant calibration and in between brace condition calibrations for each subject. 

Ground reaction force data were recorded in Newtons and normalized to subject body 

weight in Newton and reported as units of percent body weight (BW). GRF values will be 

then used to calculate peak knee moment via standard inverse dynamics.  

All joint angles will be defined by XYZ Euler angle rotation sequence. Kinematic 

variables will be calculated by the VICON Nexus software using the three dimensional 

position of the 15 reflective markers. Knee angles will be calculated by measuring the 

relative position of the thigh and shank segment. The positive angles for each axis refer to 

flexion (about the X axis), varus/adduction (about the Y axis), and internal rotation 

(about the Z axis) at the knee (Plug-In-Gait). Figure 11 shows the joint flexion and 

extension standards and measurements as used by the VICON Nexus software. 
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Figure 11. Plug-In-Gait flexion/extension variable definitions (Vicon Motion Systems, 
2008). 

 

Calculated resultant joint moments were external moments, and considered to 

represent the net effect of all the structures crossing the joint. Moments were determined 

by solving the equations of motion for each of the six lower limb segments, with 

consideration for the external forces acting on the limbs, limb masses, and kinematics of 

the limbs including the location of the joint centers. Assumptions made in these 

calculations were that no external forces aside from gravity and the measured ground 



Texas Tech University, Hyung Suk Yang, December 2012 

32 

 

reaction force were acting, and that the segment masses and center of mass locations can 

be effectively determined from previously published data (e.g. Winter, 1990) (Vicon 

Motion Systems, 2008).   The peak knee moments were calculated utilizing the VICON-

Nexus analysis software and were normalized to subject body mass.  

Data analysis 

The mean knee moments and ground reaction forces obtained during the cutting 

trials on subjects’ dominant legs were used for the data analysis. Paired t-tests were 

performed to statistically compare selected variables between braced and unbraced 

conditions using SPSS 18.0 statistical software (Chicago, IL). The initial alpha level was 

set at p ≤ 0.05 for statistical significance and a Holm’s correction method was used to 

control for Type I error. A priori relationships between variables were tested using a 

Pearson Product Moment Correlations Coefficient. To minimize the number of statistical 

comparisons, the correlation values of 0.7 or higher between dependent variables were 

considered as redundant variables and were subsequently dropped (or otherwise 

considered to behave consistently with their correlated variables) from the statistic 

comparison. The independent variable was brace condition and the dependent variables 

were peak knee moments in 3D and peak ground reaction forces in 3D. 

In some biomechanical studies, it is needed to examine multiple dependent 

variables in a study.  Some researchers have been using Multivariate Analysis of 

Variance (MANOVA) in order to explore structure, order, and selection of multiple 

dependent variables. However, MANOVA results are difficult to interpret (especially 
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when combinations of variables are not of interest) and include a wide variety of test 

statistics and step-down procedures (Knudson, 2009). Another way to examine multiple 

dependent variables is to analyze each individually using several univariate statistical 

tests (multiple t test, analysis of variance, etc.), and adjusting the critical alpha level to 

control the experiment-wise error rate (EER). A common approach used by many 

researchers is the Bonferroni adjustment, where the critical alpha level equals the overall 

alpha divided by the number of comparisons, thus adjusting for inflation of the Type I 

error. Unfortunately, this approach may overcorrect for Type I errors and, consequently, 

increase the likelihood of Type II errors and simultaneously decrease statistical power 

(Bland & Altman, 1995).  

A solution to these problems is use of the Holm’s correction which can control for 

both Type I and II errors and is easy to calculate and interpret (Ludbrook, 1998). The 

Holm’s procedure, also called a sequential rejection method, is a progressive adjustment 

in the critical alpha level based on the number of comparisons (n) and the overall desired 

EER (a). The hypotheses tested are arranged from the smallest to largest observed p value 

following the multiple comparison analysis (i.e., paired t tests). For comparisons (i) from 

1 to n, each observed p value is compared with the adjusted critical p value for the (c)th 

test according to the formula: Pc = a/(n - i + 1). The Holm’s adjustment was used in this 

study because of its strong combination of preserving statistical power and ease of use. 

Additionally, post hoc tests are used to determine which treatments are different.  With 



Texas Tech University, Hyung Suk Yang, December 2012 

34 

 

only two treatment conditions in the current study, there was no uncertainty as to which 

two treatments would be different. 
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CHAPTER IV 

RESULTS 

The data from 30 subjects (15 men: age = 21.60 ± 2.19 years, height = 180.13 ± 

7.84 cm, mass = 82.66 ± 11.19 kg; 15 women: age = 20.20 ± 1.26 years, height = 165.26 

± 5.40 cm, mass = 65.70 ± 9.70 kg) were used for data analyses and post processing. 

  Prior to mean comparisons and correlation tests, Shapiro-Wilk test and Levene’s 

test were performed in order to confirm the normality of sample distribution and 

homogeneity of variance over genders. The results are presented in Tables 3and 4.  

The assumption of normality was violated in the unbraced vertical GRF (p < 

0.002), and braced anteroposterior GRF (p < 0.026) variables. The assumption of 

homogeneity was violated in the unbraced internal rotation (p < 0.038), and braced 

vertical GRF (p < 0.010) variables. Non-parametric statistical analyses (Wilconxon 

signed-rank test and Spearman’s rank correlation coefficient), therefore were performed 

for the mean comparison and correlation test of all the dependent variables in place of 

paired t-tests and Pearson product-moment correlations. 
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Table 3 
Results of Shapiro-Wilk Test  

Dependent variables Significance 

Unbraced Flexion .190 

Unbraced Abdiction .765 

Unbraced Internal rotation .735 

Unbraced Mediolateral GRF .068 

Unbraced Anteroposterior GRF .558 

Unbraced Vertical GRF .002* 

Braced Flexion .256 

Braced Abdiction .795 

Braced Internal rotation .852 

Braced Mediolateral GRF .121 

Braced Anteroposterior GRF .026* 

Braced Vertical GRF .108 
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Table 4 
Results of Levene’s Test over Genders  

Dependent variables Significance 

Unbraced Flexion .272 

Unbraced Abduction .693 

Unbraced Internal rotation .038* 

Unbraced Mediolateral GRF .525 

Unbraced Anteroposterior GRF .226 

Unbraced Vertical GRF .203 

Braced Flexion .883 

Braced Abduction .090 

Braced Internal rotation .376 

Braced Mediolateral GRF .077 

Braced Anteroposterior GRF .882 

Braced Vertical GRF .010* 
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Mean, standard deviation, percent difference between conditions, and Spearman’s 

rank correlation coefficient values for all variables are presented in Table 5, 6, and 7 

respectively. Since high correlations (r > 0.7) between MLGRF and VGRF across brace 

conditions were observed (unbraced: r = 0.872, p < 0.001, braced: r = 0.866, p < 0.001), 

only MLGRF data were then utilized for statistical comparisons since VGRF violated the 

homogenous assumption. Relatively high correlations between GRFs in 3D across brace 

condition were observed. High correlation between braced internal rotation moments and 

braced abduction moments were also observed (r = 0.680, p < 0.001). 
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Table 5 
Spearman Correlation (significance) Values Among Variables 
DV Ufl Uab Uir Umg Uag Uvg Bfl Bab Bir Bmg Bag 

Uab -.110 
(.564)           

Uir -.290 
(.120) 

.447 
(.013) 

         

Umg .154 
(.417) .460 

(.011) 0.030 
(.873)         

Uag 0.260 
(.165) .233 

(.215) .001 
(.999) 

.580 
(.001)        

Uvg 0.155 
(.415) .265 

(.158) -.237 
(.207) 

.872 
(.001) .643 

(.001)       

Bfl .640 
(.001) -.081 

(.670) -.297 
(.111) 

.186 
(.325) .380 

(.038) .330 
(.075)      

Bab .138 
(.468) .687 

(.001) .370 
(.040) 

.358 
(.052) .260 

(.166) .186 
(.326) -.012 

(.951)     

Bir -.198 
(.295) 

.444 
(.013) 

.530 
(.003) 

.229 
(.224) 

.064 
(.737) 

-.038 
(.840) 

-.195 
(.303) 

.680 
(.001)    

Bmg .154 
(.616) .437 

(.016) -.040 
(.835) 

.752 
(.001) .473 

(.008) .664 
(.001) .159 

(.402) .501 
(.005) .402 

(.028)   

Bag .116 
(.540) .245 

(.191) -.018 
(.927) 

.468 
(.009) .732 

(.001) .555 
(.001) .244 

(.194) .416 
(.022) .075 

(.694) .620 
(.001)  

Bvg .134 
(.481) .165 

(.384) -.093 
(.626) 

.667 
(.001) .489 

(.006) .745 
(.001) .207 

(.272) .259 
(.167) .162 

(.392) .866 
(.001) .662 

(.001) 
Notes. Shaded cells indicate that r values are 0.7 or higher 
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Multiple Wilcoxon signed-rank test were conducted to compare the difference in 

braced and unbraced conditions. The dependent variables were peak knee joint moments 

in 3D, and peak GRFs in 3D during 30% of stance phase.  The peak knee internal rotation 

moment was significantly greater in braced condition (unbraced: 0.23 ± 0.13 Nm/kg, 

braced: 0.30 ± 0.12 Nm/kg, p < 0.003, Cohen’s d = .576). There were no statistically 

significant differences in the other dependent variables between brace conditions 

following the Holm’s correction (Table 6 and 7). The effect size and achieved power 

were calculated using G*power 3.1.5 software (Faul, Erdfelder, Lang, & Buchner, 2007). 

 

Table 6 
Mean (SD) Measures across Brace Condition (* notes statistical significance) 

Condition 

K_Flex 

Mom 

(Nm/kg) 

K_ Abd 

Mom 

(Nm/kg) 

K_IR  

Mom 

(Nm/kg) 

MGRF 

(BW) 

APGRF 

(BW) 

VGRF 

(BW) 

Control 2.14(0.85) 0.44(0.42) 0.23(0.13)* 1.17(0.43) 0.68(0.22) 2.60(0.88) 

Braced 1.93(0.76) 0.63(0.53) 0.30(0.12)* 1.19(0.39) 0.70(0.25) 2.56(0.72) 

Notes. By convention, moments were denoted as positive. GRFs are normalized to body 
weights. 
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Table 7 
Mean Differences between Conditions in Percentage 

 
K_Flex 

Mom  

K_ Abd 

Mom  

K_IR 

 Mom 
MGRF APGRF VGRF 

Difference 

between 

conditions 

(%)  

-9.81  

 

43.18  

 

33.77  

 

1.70  

 

2.94  

 

-1.53  

 

Notes. [(Brace-control)/control] x 100  

 

 
 
Figure 12. Effect of ankle brace in percentage. 
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Table 8 
Significance (2-tailed, * notes significant), Effect Size (Cohen’s d), and Achieved Power 

Values 
K_Flex  

Mom  

K_ Abd  

Mom  

K_IR 

Mom 
MGRF APGRF 

p value .069 .028 .003* .797 .861 

d value .305 .488 .576 .068 .114 

power (1-β) .621 .952 .989 .079 .135 

Notes. d = 0.2, 0.5, and 0.8 indicate small, medium, and large effect, respectively 
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Table 9 
Adjusted Target p values (Holm’s correction) for Statistical Significance 

Targeted  p values DV (p value) Reject the null hypothesis 

0.01 
Knee Internal Rotation 

Moment (0.003) 
Yes 

0.0125 
Knee Abduction moment 

(0.028) 
No 

0.0166 
Knee Flexion moment 

(0.069) 
No 

0.025 
Mediolateral GRF  

(0.797) 
No 

0.05 
Anterioposterior GRF 

(0.861) 
No 
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CHAPTER V 

DISCUSSION 

This study investigated the effect of prophylactic ankle bracing on knee flexion, 

abduction, and internal rotation moments and MLGRF, APGRF, and VGRF. Some 

variables such as knee angles at initial foot contacts were also used for descriptive and 

exploratory purposes. The current study did not find any influence of bracing on the 

ground reaction forces, but an increase in knee internal rotation moment when wearing 

ankle braces was observed. These results suggest that ankle bracing may impose greater 

stress on the ACL during the 90° side-step cutting task. 

Ground reaction force 

Ankle dorsiflexion is one of the primary ways to absorb and dissipate GRFs when 

landing from a jump (Devita & Skelly, 1992). It was originally hypothesized that a 

reduced ROM at the ankle joint and foot segment with ankle bracing would make the 

lower leg more rigid and hinder the ability to effectively absorb GRF at the foot contact.  

Increased loadings on the body by greater GRFs may increase the risk of other lower 

extremity injuries such as knees. However, the results of this study indicate that GRFs did 

not increase with the application of ankle braces which is in contrast to the previous 

studies (Cloak et al., 2010; Sacco Ide et al., 2006). Closer examination of the data sets of 

these previous studies indicates a potential lack of statistical power. Cloak et al (2010) 

used only ten male subjects and Sacco Ide et al (2006) eight male subjects, whereas the 

current study utilized 30 subjects. 
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 While results in the current study also do not have strong post hoc power, it is 

thought to be originated from small effect size and utilizing more stringent non-

parametric statistical methods. However, the greater knee moments observed with ankle 

brace use might be sufficient to accommodate the limited ankle and foot mobility and 

thus allowing the GRFs to remain consistent between brace conditions. In other words, 

the knee was used as a primary “shock absorber”. It is suspected that if the knee kinetics 

and kinematics were the same across brace condition, the greater GRF would have been 

observed in the braced condition because of the limited dorsiflexion in the ankle joint. 

Other factors potentially contributing to the lack of power in GRFs across brace 

condition are the high variability of running speed and variation in performance 

strategies. In the present study, subject’s running speed was not controlled. All subjects 

were instructed to run at their “game-like” speed (as fast as they can as if they were 

running a “fast break” or moving to receive a passed ball).  Even though their running 

distance was set at 12 meters (from starting line to the force plate), individual variation in 

approach speed within and across brace condition might have affected GRFs.  However, 

it was believed that if running speed were fixed, it may be excessively fast for some and 

thus result in some subjects’ movement being “out of control”.  Additionally, if the fixed 

speed were too slow, the cutting tests may lose the validity, as they would no longer 

represent potentially injurious maneuvers.  High running speeds may be expected to 

produce greater ground reaction forces and larger loadings on lower limbs (Nilsson & 

Thorstensson, 1989). Since, running speeds were not measured in this study (due to the 
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camera set-ups that were focusing on the force plate), it remains unclear if the bracing 

affected the running speed itself or the altered kinematics of subjects affected the ground 

reaction force.  

Subjects demonstrated different foot planting strategies. A few subjects hit the 

force plate hard and exaggeratedly, some subjects utilized stutter steps before they hit the 

force plate, and still other subjects hit the force plate smoothly. There are many ways to 

successfully perform the dynamic cutting movement. The fact that the 

unanticipated/unplanned cutting task was utilized for the tests might also contribute to the 

movement variability, as individual subjects will react to the directional cue in subtly 

different ways. However, the average of five trials for each subject were used for the data 

analysis in order to help control for this within-subject variability. Furthermore, ACL 

injuries often occur during an unanticipated/unplanned side-step cutting when athletes 

have very little time to adjust their body posture as compared with a planned maneuver 

(Besier, Lloyd, Ackland, & Cochrane, 2001). Houck et al (2006). reported that cutting 

without anticipation results in different hip and knee kinematics and kinetics compared 

with anticipated cutting and may increase the risk of ACL injury (Houck, Duncan, & 

Haven, 2006).  Thus, in order to investigate mechanisms in a somewhat unanticipated 

environment, some control was sacrificed.   

The relatively high positive correlations between GRFs observed in this study 

(even after the values were normalized to subjects’ body weights) indicate that a subject 

who tends to have high GRF in one plane will likely demonstrate high GRFs in the other 
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planes as well. Therefore, higher GRF in any one plane may place athletes in greater risk 

for lower extremity injury. 

Internal rotation moment 

Markolf et al (1990) pointed that although the ACL’s primary function is to 

prevent anterior tibial translation, knee internal rotation moment is an important 

mechanism that generates strain in the ACL (Markolf, Gorek, Kabo, & Shapiro, 1990). In 

addition, measures of ACL strain in vitro have revealed that an applied internal rotation 

knee moment increases the strain by 70% compared with a similarly applied external 

rotation knee moment (Oh, Kreinbrink, Wojtys, & Ashton-Miller, 2012). The present 

study suggests that wearing ankle braces during cutting tasks increases the knee internal 

rotation moment and may thus increase ACL strain.  

Abduction (valgus) moment 

The data from this study support previous investigations that found the relative 

abduction moment is greater than the internal rotation moment in vivo during sports 

movement simulations such as side cutting (Sigward & Powers, 2006).  In addition the 

results indicate that the knee abduction is about twice greater than the knee internal 

rotation (mean unbraced abduction: 0.44 ± 0.42 Nm/kg, unbraced internal rotation: 0.23 ± 

0.13 Nm/kg, braced abduction: 0.63 ± 0.53 Nm/kg, braced internal rotation: 0.30 ± 

0.12Nm/kg).   

Side-step cutting tasks are reported to increase knee abduction and internal 

rotation moments compared with straight line running (Besier, Lloyd, Ackland, et al., 
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2001; Besier, Lloyd, Cochrane, & Ackland, 2001). It is likely that these increased 

abduction and internal rotation moments contribute to the frequent ACL injuries during 

cutting. The subjects demonstrated even more increased knee internal rotation and knee 

abduction moment in the braced condition compared to the unbraced condition. 

Although, p value for the abduction was not statistically significant (p < 0.025), this trend 

suggests that ankle brace use during cutting may increase the load on the ACL.  

Knee abduction has been proposed to contribute to ACL injury (Quatman & 

Hewett, 2009). Combined ACL-MCL (medial collateral ligament) injuries are relatively 

rare (ie, 4% - 27% of total ACL injuries) despite the MCL being the primary restraint to 

knee abduction (Mizrahi, Daniel, & Stone, 1991). Recent investigations (Oh et al., 2012) 

also revealed that the direction of the frontal plane moment (knee abduction or adduction 

moments) does not affect ACL strains. ACL strain is rather sensitive to the direction of 

the knee axial rotation (internal or external rotation moments) (Oh, Lipps, Ashton-Miller, 

& Wojtys, 2012).  However, knee abduction and internal rotation may not always be 

isolated in vivo and this could perhaps explain the discrepancy.  

In many previous studies, mechanical coupling between knee internal rotation and 

knee abduction has been observed (Meyer & Haut, 2008; Oster, Grood, Feder, Butler, & 

Levy, 1992). Simon et al. (2010) has explained the underlying mechanisms of the 

coupling. Recent imaging research has explored the sagittal plane slope of the tibial 

plateau, and its relation to ACL strain during impacts.  A posteriorly steeper lateral tibial 

plateau allows the lateral femoral condyle to slide posteriorly under an axial compressive 
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force compared with the medial femoral condyle, which results in femoral external 

rotation and tibial (knee) internal rotation and also increases knee abduction  (Simon, 

Everhart, Nagaraja, & Chaudhari, 2010).  

The correlation data from this study support the mechanical coupling between 

knee internal rotation and knee abduction. When subjects were not braced, the r value 

between internal rotation and abduction was 0.447 (p < 0.013), but when they were in 

brace condition, it increased to 0.680 (p < 0.001). It is believed that as the mechanical 

demands on the knee to absorb and dissipate the GRFs increase as a result of limiting of 

ankle ROM with the brace, the mechanical coupling between knee internal rotation and 

abduction becomes stronger. Thus, the knee may undergo greater moments in order to 

offset the GRFs. Other researchers also reported that the likelihood of ACL injury is 

higher during interacted and/or combined loadings in more than one plane than from 

isolated loading in a single plane (S. G. McLean et al., 2004). It is also likely that during 

actual sports activities, athletes may experience multi- directional loadings on the knee 

joints rather than a single/isolated plane loading. 

Flexion moment 

Neuromuscular control and strength ratio of the hamstring to quadriceps has been 

identified as an important components of ACL injury mechanism (Colby et al., 2000; 

Griffin et al., 2000).  Large quadriceps forces applied to an extended knee, in conjunction 

with minimal hamstring activity, offers the greatest potential for excess anterior shear 

loads (i.e., sagittal plane loading). Beynnon et al (1997). reported the ACL strain to be 
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highest with the knee in 15° of flexion during squatting, a closed chain exercise, and 

active flexion-extension of the leg using an in vivo strain gauge technique (Beynnon et al., 

1997). In the extended knee position, the angle between the patellar tendon and tibial 

long axis will be greater. Therefore, the direction of the quadriceps force will cause larger 

anterior shear loads in the extended knee position, as compared with a more flexed knee 

position (Pandy & Shelburne, 1997). Conversely, if the knee is in a flexed position, the 

patellar tendon and therefore quadriceps muscle pull will be more parallel to the long axis 

of the tibia. Most of the quadriceps contraction force directed through the patellar tendon 

will act as knee joint stabilizing force (compressing the joint) and reduce the magnitude 

of anterior shear of the tibia relative to the femur (Herzog & Read, 1993; Pandy & 

Shelburne, 1997).  

Although the rapid deceleration that occurs during side-step cutting creates a 

posteriorly directed external force, which helps knee flex and seems to protect the ACL 

(S. G. McLean et al., 2004), strong quadriceps activation during eccentric contraction is 

considered to be a major factor in injury to the ACL (Griffin et al., 2000). External force 

to the posterior direction at the foot and distal segments combined with quadriceps 

contraction may exacerbate the anterior shear of the tibia relative to the femur. 

Current results did not find any significant difference in knee flexion moment 

between the brace conditions (slight decrease in the braced condition, p < 0.069).  

However, subjects’ knee flexion angles at foot contact demonstrated relatively 

straight/stiff  leg landing pattern throughout the brace conditions (unbraced: 24.04 ± 
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10.14°, braced: 22.46 ± 11.70°). In vitro and modeling studies have reported that frontal 

plane moments (i.e., knee abduction/adduction) can increase the load on the ACL, 

especially combined with small knee flexion angles (Markolf et al., 1995). This study 

examined the difference in knee abduction moments and they occurred during early 

deceleration of the cut cycle (30% of stance phase) when the knee is in minimum knee 

flexion. This could be interpreted that the task imposes greater “at risk” behavior. 

Gender difference  

In the present study, the Levene’s test revealed that there are variance/standard 

deviation differences between genders in the unbraced internal rotation and braced 

vertical ground reaction force variables. Although their means were very similar, 

compared with female subjects, male subjects demonstrated greater variance in internal 

rotation moment in the unbraced condition, and lower normalized vertical ground 

reaction forces in the braced condition.  Dynamic activities especially in an 

“unanticipated” environment such as during a cutting maneuver may accompany high 

variations of movement. However, the assumption of homogeneity of variance was met 

in the other variables. For research associated with dynamic activities, therefore, given 

the inherent variability present in untrained and even recreationally trained subjects, 

researchers should consider using non-parametric statistical analysis. 

As mentioned in the introduction, the data were pooled across gender as based on 

conclusions and considerations made in previous literature (Pollard et al., 2004) and 

hence examining the gender difference is beyond the interest of this study. Despite the 
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vast amount of ongoing research into gender specific ACL injury mechanism, the precise 

mechanisms remain unclear. Previous studies have also reported that the effect of 

applying the same magnitude of internal tibial moment on the peak ACL strain was 

similar for both male and female specimens (Oh, Kreinbrink, et al., 2012; Oh, Lipps, et 

al., 2012). Increased knee joint moments caused by the ankle bracing may place similar 

loading characteristics at the knee regardless of the gender. 

Effect on individuals 

The relatively large variance observed in nearly all measures brings caution when 

interpreting the results. Although most of subjects follow a general pattern that mean 

difference indicates with the ankle bracing, there were a few subjects who demonstrated 

the opposite behavior. Four females and two males demonstrated decreased internal 

rotation moments in the braced condition. Therefore, when it comes to prescribing ankle 

bracing, clinicians should pay extra attention to the potentially different effect the ankle 

brace may have on overall lower extremity kinematics and kinetics in different 

individuals. 

Clinical relevance 

Seering et al (1980). reported that ligament damage occurs in cadaveric knee 

joints within 125 - 210 Nm of knee abduction moment or 35 - 80 Nm of internal rotation 

moment (Seering, Piziali, Nagel, & Schurman, 1980). At this point, the clinical relevance 

of such small (absolute) magnitude changes in knee moments as observed in the current 

study remains unclear. For example, a relatively small magnitude increase in internal 



Texas Tech University, Hyung Suk Yang, December 2012 

53 

 

rotation moment could place a person at greater risk than others because of the person’s 

high overall susceptibility to such an injury. There are many other factors believed to be 

contributing to ACL injury, such as environmental (e.g., equipment, shoe-surface 

interactions), anatomical (e.g., knee angle, hip angle, laxity, notch size), hormonal, and 

biomechanical (muscular strength, body movements, skill level, neuromuscular control) 

(Griffin et al., 2000). Even though, the same external force applied, individuals may 

respond differently. The interaction of the aforementioned variables should be further 

investigated 

Fatigue 

In the current study, the test period was relatively short and participants were 

allowed to have a break between each trial when it was needed. However, muscular 

fatigue has been shown to result in increased peak knee abduction and internal rotation 

angles and increased peak knee abduction moments during side-step cutting in the 

previous study (Tsai, Sigward, Pollard, Fletcher, & Powers, 2009). Given the fact that 

athletes may experience greater fatigue when they are actually playing competitive 

sports, muscular fatigue-related changes combined with the ankle braces may place an 

individual at a greater risk for noncontact ACL injury. 

Whole body center of mass 

The location of the whole body center of mass (WBCOM) relative to lower 

extremity may affect the loadings on the knee. This study did not examine the WBCOM 

during cutting because the lower extremity marker set up (Plug-In-Gait Sacrum model) 
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does not allow the calculation of the WBCOM.  However, in a video analysis of ACL 

injuries occurring during landing and sudden stopping, the WBCOM appeared to be 

behind the knee in more than half of the injuries (C. C. Teitz, MD, unpublished data, 

1999). Theoretically, in order to bring the WBCOM forward, hip flexors such as 

quadriceps need to contract and the contraction may increase anterior shear force to the 

tibia (Griffin et al., 2000). Dempsey et al (2007). support this hypothesis with evidence 

that whole body technique training focused on foot placement close to the midline of the 

body and the torso being in a more upright posture reduced the peak knee abduction 

loading during sidestep cutting (Dempsey et al., 2007).  The WBCOM therefore should 

be monitored in subsequent research efforts. 

Dominant or non-dominant leg 

In the present study, only the dominant limb was used for data analysis. However, 

studies have reported a trend toward females tearing their non-dominant side ACL more 

often than their dominant ACL regardless of the type of sport (Brophy, Silvers, Gonzales, 

& Mandelbaum, 2010; Negrete, Schick, & Cooper, 2007; Ruedl et al., 2012). The cause 

for this discrepancy of leg dominance in injury frequency has not been identified. At this 

point, no one has examined the differences between dominant and non-dominant leg 

during cutting. Future research should investigate the different mechanisms between 

dominant and non-dominant legs.  
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Limitations 

The results of the present study should be interpreted with caution because of 

following limitations.   

1) The participants in this study were recreational athletes. Recreational athletes 

may respond differently to ankle bracing when compared with elite athletes, or athletes 

with a history of prophylactic ankle brace use.  

2) Results from this study are laboratory based. Whether the same results would 

be observed in the field needs to be investigated. 

3) A single type of brace (ASO ankle brace) was employed for this study. 

Although, the ASO ankle brace is a common brace and seemed to increase compliances, 

the results are limited to the same type of brace. 

 4) Hip joint and trunk kinematics and kinetics also need to be investigated in 

order to have better understating of whole body mechanism changes associated with 

ankle bracing.  

Conclusion 

While the results of this study provide evidence in support of the kinematic chain 

theory that wearing a prophylactic ankle brace increases knee joint loading with increased 

knee internal rotation moment in a way that may predispose athletes to ACL injury, it 

should be noted that evaluation of individual data suggests that there are a few subjects 

that demonstrated “better/improved” mechanics in terms of safety mechanism of ACL 

injury with the ankle braces. Thus, clinicians and coaches should understand this different 
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adaptation strategy between recreational athletes when they prescribe prophylactic ankle 

braces. One alternative to using prophylactic ankle bracing would be injury prevention 

training to improve neuromuscular response, flexibility, muscle strength/ratio.  
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APPENDIX A 

INFORMED CONSENT 

This research study is being conducted by Dr. Rhonda Boros (rl.boros@ttu.edu; 806-834-

6381), Anthony Anderson (anthony.anderson@ttu.edu; 214-808-8430), and Hyung Suk 

Yang (hs.yang@ttu.edu; 806-392-2220). If you have any questions about this study, 

please contact one of these individuals. 

 

Purpose of Study 

 

This research study will examine your ability to cut around an obstacle, hop and land 

with and without braced ankles.  In order to participate, you must be free of any lower leg 

injuries (for 3 months or more), and have never had an injury that required surgery.   

 

Procedures and Duration 

 

Measures of your age, height and weight will be obtained, as well as information about 

your participation in both organized and recreational athletics.  In addition, joint motion 

and forces will be measured as you perform several side-step cuts, hops and vertical 

mailto:rl.boros@ttu.edu�
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jumps.  You will need to bring and wear your own athletic shoes when you are tested.  

Half of the trials will be performed while wearing ankle braces.  

 

To measure your strength and leg power, you will also be asked to jump as high as you 

can five times.  We will measure your motion and forces during these trials as well. 

Following the jumps, you will be asked to perform, in no particular order, about 30 cuts 

to left and right.  Force plates (scales) will be used to measure the under-foot forces you 

exert during the cut.  You will run up as in a game situation (roughly 8-10 miles per 

hour), plant your foot on the force plate and cut directly to the left or right. You will be 

required to execute a cut at 90° from the forward direction, and tape will be on the floor 

as a guide.  The direction you cut (left or right) will be in response to a lab assistant that 

will direct your cut to the left and right.  Following completion of cutting task, you will 

be instructed to hop over a 15 cm high and 38 cm long platform and land on a force plate 

with your preferred leg. Following, you will be required to perform single leg hops at 

90% and 60% of your maximum hop distance. Sixteen reflective markers will be placed 

on your lower body (pelvis, legs and feet), and the position of these markers will be 

tracked by infrared cameras during the cutting trials and hopping trials and eight muscle 

activity sensors will be secured to both of your upper thigh and lower leg to monitor 

muscle activity of your quadriceps, hamstring, calf and shin muscles. After completing 

the hopping portion of the testing session, you will be asked to perform maximum effort, 

muscular contraction strength at specific angles of motion of the knee and ankle joints of 
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both legs.  You will also be given one practice trial for each joint and be allowed to take 

as long a break as you need between each joint and the right and left side trials. Data 

collection may take, or exceed, two to three hours, and two visits to the lab may be 

necessary. 

 

Risks 

 

Possible injury can occur during this experiment. If this research project causes injury 

(physical, psychological, financial, etc.), Texas Tech University or the Student Health 

Service, may not be able to treat your injury. You will have to pay for treatment from 

your own insurance. The university does not have insurance to cover such injuries. More 

information about these matters may be obtained from Dr. Alice Young, Associate Vice 

President for Research Integrity, (806) 742-3905, Suite 103 Holden, Texas Tech 

University, Lubbock, Texas, 79409.  

 

Benefits 

 

There are no direct benefits from participating in this study.  Participation in the study is 

voluntary and there is no penalty to refuse or stop your participation even during testing.  

Your identification and data will be stored in the form of a number code, and not directly 

traceable back to you.  The cameras used in this research only show images of the 
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markers, with no actual image of the subject stored.  Data and information collected 

during this study will secured under in the lab, and will be available only to the principal 

investigator and lab staff performing the study.  All results will be presented in the form 

of averages, and no individual data will be presented. 

 

Subject’s Rights 

 

Dr. Boros will answer any questions you have about the study. For questions about your 

rights as a subject or injuries caused by this research, contact the Texas Tech University 

Institutional Review Board for the Protection of Human subjects, Office of Research 

Services, Texas Tech University, Lubbock, Texas 79409. Or you can call (806) 742-3883 

 

This consent form is not valid after ___ ___ (date of expiration) 

 

 

 

If you sign this sheet, it means that you read this form and that all of your questions have 

been answered. 

 

 

Signature of Subject: _________________________________   Date_______________ 
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Signature of Project Director: __________________________   Date_______________ 
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APPENDIX B 

EXAMPLE RECRUITMENT FLYER/TEXT 

Healthy Recreational Athletes Needed! 

 

Dr. Rhonda Boros in the Health, Exercise and Sport Sciences Department at 

Texas Tech is conducting a research project examining how ankle braces 

affect in how men and women perform side-step cuts and single leg 

landings.  We are recruiting recreational athletes players to be subjects in 

this study. 

 

 

ARE YOU ELIGIBLE TO BE A SUBJECT?  Just answer YES to ALL 

of the following items: 

 

• Between the ages of 18 and 25 at the time of testing 
• Free from any current injury at the time of testing and for the previous 

3 months 
• Have never had surgical intervention on the lower limbs 
• Are physically active (either intramural athletics or regular moderate 

to vigorous exercise 3 or more days per week). 
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WHAT YOU WILL BE ASKED TO DO: 

 

• Provide information on your age, height, weight, and athletics 
experiences 

• Perform approximately 14, 90° side-step “L” cuts to the left or right 
• Perform another 14 cuts while wearing ankle braces 
• Perform 5 maximum vertical jumps 
• Perform 5 single leg hops with the right and left leg over a 15cm high 

obstacle 
• Perform 5 single leg hops with the right and left leg at 60 and 90% of 

your maximum hop distance 
• Perform strength tests of the lower body 

 

We will place reflective markers on your lower body, and motion analysis 

and force data will be measured as you perform the cutting and jumping 

trials (just like they do on EA Sports – It’s in the game!). 

 

If you (or someone you know) are eligible and interested in participating, 

please contact Dr. Boros (834-6381, RL.BOROS@TTU.EDU), Anthony 

Anderson (ANTHONY.ANDERSON@TTU.EDU), or Hyung Suk Yang 

(HS.YANG@TTU.EDU)   

 

mailto:RL.BOROS@TTU.EDU�
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Participation is completely voluntary, and no direct benefits will be obtained from your 

participation. 
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