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ABSTRACT

INTRODUCTION

Participants

 22 Chronic Ankle Instability Subjects (14M & 8F; 23 ± 2 yrs, 174.6 ± 10.4 cm, 73.4 ± 12.1 kg)

• FAAM ADL (Foot and Ankle Ability Measure Activities of Daily Living) = 81.9 ± 7.3%

• FAAM Sports (Foot and Ankle Ability Measure Sports) = 60.9 ± 11.6% 

• MAII (Modified Ankle Instability Instrument) = 3.4 ± 1.1 (# of yes on questions 4-8)

• At least ≥ two previous ankle sprains, greater than the past 3 months = 4.1 ± 2.8

• No lower-extremity surgery, fracture, and/or neurological disorder in their lifetime

• A history of physical activity at least 3 days/week, 90min/week in the past 3 months

 22 Ankle-Sprain Copers (14M & 8F; 22 ± 2 yrs, 173.8 ± 8.2 cm, 72.6 ± 12.3 kg)

• FAAM ADL = 100%

• FAAM Sports = 100% 

• MAII = 0 (# of yes on questions 4-8)

• At least one severe ankle sprain required to use ankle supports for at least one week or 

immobilization and/or non-weight bearing for at least three days, or both = 2.0 ± 1.1

• Returning back to normal physical activity for at least 12 months without ankle injury

• No lower-extremity surgery, fracture, and/or neurological disorder in their lifetime

• A history of physical activity at least 3 days/week, 90min/week in the past 3 months

 22 Matched Healthy Controls (14M & 8F; 22 ± 2 yrs, 173.3 ± 7.7 cm, 69.2 ± 10.4 kg)

• FAAM ADL = 100%

• FAAM Sports = 100% 

• MAII = 0 (# of yes on questions 4-8)

• No history of an ankle sprain in their lifetime

• No lower-extremity surgery, fracture, and/or neurological disorder in their lifetime

• A history of physical activity at least 3 days/week, 90min/week in the past 3 months

A Maximal Vertical Forward Jump Landing and Side-Cutting Task

 Subjects, stood 80-95 cm (50% of subject’s height) away from the center of a force plate, performed a 

double-leg max vertical forward jump, rapidly landed on the force plate with the test leg only, and then 

transitioned to a side-cutting acceleration jump at 90 degrees (Figure 1).

Experimental Procedures

 Subjects performed ten trials of the jump task. First five trials were used to set a range of a max vertical 

height (± 5%), and then next five successful trials were used for data analysis.

Data Analysis

 Kinetic data were collected using a force plate (AMTI, Watertown, MA; 1200 Hz).

 Kinematic data were collected using high-speed video (Vicon, Oxford, UK; 240 Hz).

 EMG data were collected using wireless surface electrodes (Delsys, Boston, MA;1200 Hz).  

Statistical Analysis

 Functional data analysis (R program) was used to compare differences between groups across the 

entire stance phase of landing and side-cutting. If functions and 95% confidence intervals did not 

overlap the zero, then significant differences existed (Figure 2).

CONCLUSION

Chronic Ankle instability (CAI) patients show various sensorimotor deficits, which may be 

related to the chronic nature of instability. Ultimately, an intervention should focus on 

deficits which may perpetuate the problem, but an understanding of successful 

sensorimotor function may best come from those who sprained their ankles with no 

problematics outcome (copers). PURPOSE: To examine sagittal ankle angle, moment, 

tibialis anterior (TA) and medial gastrocnemius (MG) EMG activation during jump-

landing. METHODS: 66 subjects (M=42, F=24; 22±2 yrs, 174±8 cm, 71±11 kg) consisted 

of 22 CAI subjects (81.9 ± 7.3% FAAM-ADL, 60.9 ± 11.6% FAAM-Sports, 4.1 ± 2.8 

sprains), 22 copers (100% FAAM-ADL & Sports, 2.0 ± 1.1 sprains), and 22 controls. 

Subjects performed 10 jumps, consisting of a max vertical forward jump, landing on a 

force plate, and transitioning immediately to a side jump, while the dependent variables 

were collected during stance. Functional linear models (α=.05) were used to detect 

mean differences between groups. If functions and associated 95% confidence intervals 

did not cross the zero, then significant differences existed. RESULTS: Copers and CAI 

subjects showed up to 2.5° less dorsiflexion angle during 30-75% of stance than 

controls.  While copers showed neuromechanics similar to controls in plantarflexion 

moment, TA and MG EMG activation, CAI subjects showed up to 0.5 Nm/kg less 

plantarflexion moment at 15-80% of stance, 3.5% less TA activation at 42-100% of 

stance, and 47% less MG activation at 28-65% of stance. CONCLUSION: Copers 

showed sagittal neuromechanics similar to controls at times, and similar to CAI subjects 

at others. Reduced plantarflexion moment and MG EMG activation suggest that those 

with CAI may rely more on static stabilizers (e.g., bones) than dynamic stabilizers (e.g., 

muscles), which could increase the impact on tibiotalar articular cartilage surface.

 Copers and CAI subjects, who have a history of ankle injury, displayed reduced 

dorsiflexion angle (2.5 degrees) relative to healthy controls, which has identified as 

a strong predictor for the risk of ankle sprains7 and resulted in 5 times greater risk 

of ankle sprains.8

 Reduced dorsiflexion angle in both CAI subjects and copers may be due to 

previous ankle sprains, which have shown to increase anterior translation of the 

talus,9 leading to abnormal tibiotalar joint arthrokinematics during movement.

 The observed increase in dorsiflexion angle (0-25% of stance) in CAI subjects may 

be due to a self-defense mechanism to avoid ankle injury during initial landing. 

 The observed reduction in plantarflexion moment and MG EMG activation suggest 

that CAI subjects could rely more on static stabilizers (e.g., bones) than dynamic 

stabilizers (e.g., muscles), which could increase impact stress on tibiotalar articular 

cartilage surfaces over the long-term.10

 Landing tasks1-5 (i.e. a drop jump, stop jump, vertical jump or lateral hop jump) 

were oversimplified and uniplanar without direction changes (i.e. side-cutting), 

which rarely occur during functional activity. This provides limited generalization 

to an active CAI population.

 Traditional (t-test or ANOVAs) statistical analyses allow us to evaluate landing 

neuromechanics either at only discrete time points1,2 or without effect sizes,3,4,5

which provides limited insight of the entire landing neuromechanics.

 A few studies1,2,3 have used ankle sprain copers as a comparison group in CAI 

research. Copers are individuals who have suffered an ankle sprain(s), but did 

not go on to develop CAI. This could be a more relevant comparison than 

healthy controls to identify underlying causes of CAI. 

 To fill a research gap in the current literature, this study included three unique 

features. First, we have developed a multi-planar landing and side-cutting task, 

which mimics a typical mechanism of injury for ankle sprains since 75% of all 

reported ankle sprains occur during landing and side-cutting movements.6

Second, we used a novel statistical analysis method to evaluate dynamic 

movement neuromechanics across the entire stance phase, providing 

associated 95% confidence intervals (clinical meaningful differences). Third, we 

used copers (healed sprains) as a comparison group to identify underlying 

causes of repeated ankle sprains.

 The purpose of this study was to examine sagittal plane ankle angle, internal net 

joint moment, tibialis anterior (TA) and medial gastrocnemius (MG) EMG 

activation during a multi-planar landing and side-cutting task.

 We hypothesized that CAI subjects would show decreased (i) dorsiflexion angle, 

(ii) plantarflexion moment, (iii) TA and MG muscle activation across the entire 

stance phase of the task when compared with copers and healthy controls.

METHODS

Figure 2. Functional data analysis of sagittal-plane ankle neuromechanics. If 95% confidence 

intervals (gray shaded area) did not cross the zero (horizontal red line), significant group-

differences were deemed to exist. 0-50% of stance indicates the landing phase, 51-100% of 

stance indicates the push-off phase, and 50% of stance indicates peak knee flexion angle.

RESULTS
 Copers and CAI subjects displayed up to 2.5° less dorsiflexion angle during 32-

87% and 34-69% of stance, respectively, relative to controls.

 Copers exhibited ankle neuromechanics similar to healthy controls in 

plantarflexion moment, TA and MG EMG activation.

 Subjects with CAI demonstrated up to 0.5 Nm/kg less plantarflexion moment 

during 15-75% of stance, 3.5% less TA activation at 41-100% of stance, and 47% 

less MG activation at 26-64% of stance when compared to copers. 
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