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Abstract  

Background 

Assessing and understanding the control of the ankle during multi-directional jump landings in 

athletes with chronic ankle instability (CAI) would help health professionals develop interventions 

to reduce the risk of recurrent injuries. The aim was to investigate the angle, angular velocity and 

moments of the ankle joint, and muscle activity of peroneus longus (PL), tibialis anterior (TA) and 

gastrocnemius (GAS) muscles during multi-directional landings in athletes with Chronic Ankle 

Instability (CAI).  

Methods 

Nineteen athletes with CAI (≤ 25 Cumberland Ankle Instability Tool -Thai Score) participated. A 

Vicon Nexus motion analysis system synchronously collected data with an AMTI forceplate and 

surface electromyography to capture kinematics, kinetics, and muscle activity, respectively. 

Participants were asked to perform single-leg jump-landing tests in forward (0°), 30° diagonal, 60° 

diagonal, and lateral (90°) directions. Ankle joint kinematics, kinetics, and muscle activity of PL, 

TA, and GAS were analysed. Repeated measure ANOVA and Freidman tests were used to analyse 

the main effects of jump-landing direction.  

Results 

Athletes with CAI exhibited significant differences in ankle angles, angular velocities, ankle 

moments, and average muscle activity of GAS between directions. Greatest average EMG of GAS 

muscle was observed during landing in lateral direction compared with forward and 30° diagonal 

directions.  

Conclusion 



Lateral and diagonal direction movements showed the greatest risks associated with recurrent ankle 

sprains. Impairment of neuromuscular control in both pre-landing and landing phases were 

observed in athletes with CAI when considered alongside previously published data.  

Keywords: multi-directions; chronic ankle instability; single-leg jump landing; ankle 

biomechanics; muscle activation 

 Level of Evidence: Laboratory-based observational study 

 

Highlights 

• Impairment of neuromuscular control in both pre-landing and landing phases were 

observed in athletes with CAI even though they had already returned to sports 

• Increased ankle eversion and external rotation at IC phase were suggested as a 

compensatory movement in athletes with CAI during multi-directional landings 

• To stabilize the unstable ankle during landing, athletes with CAI may attempt to 

increase the loading on plantarflexor muscles 

• To reduce biomechanical risks, restoration of ankle control in athletes with CAI 

should be addressed during multi-directional jump landing.   

 

 

 

 

 



Introduction 

 Chronic ankle instability (CAI) is the pathological condition which can develop after a 

lateral ankle sprain.1 Approximately 40% of individuals who have an ankle sprain are reported to 

develop, and suffer from, CAI, which includes the residual symptoms of pain and swelling, ankle 

instability, and recurrent ankle sprains.2 Lateral ankle sprains are mostly seen in physically active 

individuals3 and athletes who perform cutting, running, and landing tasks, especially single-leg 

landing4,5. These are common movements in many sports such as basketball, volleyball, running, 

and soccer.4 McKay et al reported that 45% of ankle sprains occurred during landing with another 

30% occurring during turning or when changing direction.6 with athletes with CAI reporting that 

this limits their capacity when performing sports activities and a reduction in their quality of life.7 

Adolescent athletes have reported a CAI prevalence of 20%8 and a significantly lower ankle 

function, health-related quality of life, and physical activity.9 

Single-leg jump landing during indoor and court sports activities shows the greatest risk of 

ankle sprain10, with previous studies reporting changes in kinematics, kinetics, dynamic postural 

stability, and muscle activity in individuals with CAI during landing activities.11-13 However, the 

majority of such studies explored unilateral landing in a forward direction which does not replicate 

real sport situations where athletes perform jumps and landings in multi-directions. Wikstrom et 

al14 stated that conducting research with only forward jump landing does not provide sufficient 

predictive capability when trying to evaluate risks of lower extremity injury. More recently a study 

by Sinsurin et al15 found that there were significant increases in Peroneus Longus (PL) and Tibialis 

Anterior (TA) muscle activity just before landing, with peak ankle evertor moments increasing 

when landing from forward, diagonal, and lateral directions. This study demonstrated that PL was 

key in the control of the ankle eversion during landing in various directions and may represent the 



natural control of the ankle in healthy athletes, which may in turn help to prevent excessive ankle 

rotation and provide a stabilising effect to the subtalar joint.  

Although many athletes with CAI return to sports and competitive activities, 12% to 47% 

of athletes who received rehabilitation protocols still have recurrent ankle injuries.16 This high rate 

of recurrent ankle injuries cannot be fully explained by current knowledge. To prevent recurrent 

ankle sprains and the subsequent development of CAI with the associated effects on function, a 

better understanding of biomechanical changes in athletes with CAI may help in the development 

of more effective programs of physical therapy and rehabilitation. An investigation of multi-

directions of jump landing in athletes with CAI could offer new insights when compared to 

previous findings15 of ankle biomechanics and muscle activity in healthy athletes performing the 

same test protocol. We hypothesized that risky movements of the ankle might be observed in 

athletes with CAI who have already returned to sports when compared to the previously published 

healthy cohort. Therefore, the purpose of this study was to investigate ankle movements and muscle 

activity of PL, TA, and medial head of Gastrocnemius (GAS) muscles during multi-directional 

jump landings in athletes with CAI compared with the previously published healthy cohort. This 

would provide a greater insight into the muscle activation and ankle biomechanics during single-

leg jump landing in various directions which may help to guide future rehabilitation programs.  

 

Materials and Methods 

Participants 

Collegiate basketball and volleyball athletes age between 18-25 years old who currently 

playing with no restriction and had a history of at least one lateral ankle sprains for more than 1 

year with a score ≤ 25 on the Cumberland Ankle Instability Tool Thai version (CAIT-T)17 



participated in the current study. Exclusion criteria were; a history of serious lower extremity 

injuries, previous lower extremity fractures, or neurological disorders.  

In the current study, the ankle sprain and CAI symptoms in all athletes were reported on 

the dominant leg which was identified as the leg that can performed a single-leg hop for the 

maximum distance.18 

Study Procedure 

Athletes presented to the motion analysis laboratory at Faculty of Physical Therapy, 

Mahidol University, on one occasion. They completed a demographic data (Age, weight, height, 

BMI, and sport type) and ankle history. All participants signed an informed consent. This study 

was approved by Mahidol University Central Institutional Review Board (COA No. MU-CIRB 

2020/315.0210). 

Kinematic and ground reaction force data from multi-directional jump-landing tests were 

collected using a 10 camera Vicon Nexus system (series number 1.8.4, Oxford Metric Ltd., Oxford, 

UK) at a sampling frequency of 200 Hz and an AMTI force plate (AMTI, Advance Mechanical 

Technologies Inc., USA) sampling at 1,000 Hz in the motion analysis laboratory. 

Twenty-four reflective markers were attached over the bony prominences bilaterally 

including the; anterior superior iliac spines (ASIS), posterior superior iliac spines (PSIS), greater 

trochanter (GT), mid-point of iliac crest, lateral and medial femoral epicondyle, lateral and medial 

malleolus, distal head of the first metatarsal, distal head of the fifth metatarsal, proximal head of 

the fifth metatarsal, and heel. Furthermore, four rigid clusters of 4 markers were placed bilaterally 

on the lateral thigh and shank following the Calibrated Anatomical System Technique (CAST).19 



Skin was shaved and cleaned and electromyography (EMG) sensors (Trigno, Delsys Inc, USA) 

were attached over the peroneus longus (PL), tibialis anterior (TA), and medial head of 

gastrocnemius (GAS) muscles following the Surface Electromyography for the Non-Invasive 

Assessment of Muscles (SENIAM) recommendations.  

Single-leg jump-landing tests 

 The athletes with CAI were asked to perform single-leg jump-landing tests in four 

directions including forward (0°), 30° diagonal, 60° diagonal, and lateral (90°) directions on their 

dominant leg with the non-tested leg in 90° of knee flexion with a neutral hip posture (Figure 1).  

Athletes were asked to jump from the step height 30 cm and land on the center of the 

forceplate which was 70 cm far from the step with the tested leg and maintain balance after landing. 

In order to limit the effect of any upper limb movement, participants were instructed to place both 

hands on their waist. Three-completed trials of each direction were collected and analyzed. An 

incomplete trial was defined as landing with part of the foot off the forceplate, moving the hands 

off the waist, or balancing for less than 3 seconds after landing. In order to avoid any fatigue effects, 

at least 30 seconds rest between jump-landing trials and 5 minutes rest between the different 

directions was allowed. 

Data acquisition and analysis 

 The marker trajectories and ground reaction force data were filtered with fourth-order zero-

lag of Butterworth digital filters at cut-off frequencies of 6 Hz and 45 Hz which were determined 

using the residual analysis technique.20 Three-dimensional lower extremity joint kinematics and 

kinetics were calculated using Visual3D (C-Motion, Rockville, MD, USA). Angle, angular 



velocity, and net joint moment (NJM) of the ankle joint were extracted and reported at initial 

contact and at peak vertical ground reaction force (vGRF) which were averaged from 3 trials.  

The EMG data were filtered using a second-order bandpass Butterworth filter (30 - 350 Hz) 

and full-wave rectified.15 Average EMG data of the 100 ms before (pre-landing phase) and 300 ms 

after initial contact (landing phase) were calculated and normalized to the maximum observed 

EMG amplitude of the forward jump landing (%max), and the average EMG data from the 3 trials 

was calculated for the different jump directions. 

Statistical analysis 

 The sample size was calculated by using the partial η2 at 0.16 of PL muscle from the study 

of Delahunt et al in 2006.21 The effects size was 0.4364358. The p-value was set at 0.05 and power 

80%. At least number of participants with 20% dropout was 11 participants which was estimated 

with the G*Power 3.1.9.4 program. Shapiro-Wilk tests were used to determine the distribution of 

data. For normally distributed data Repeated Measures ANOVA tests were used to compare the 

different jump directions, and Post-hoc pairwise comparisons with Bonferroni correction were used 

when a significant main effect was seen. For any non-normally distributed data Friedman tests 

were used to compare the effect of jump direction, and where a significant effect was seen post-

hoc Wilcoxon tests were used. The level of statistical significance was set at p-value less than 0.05 

and all analysis was performed using SPSS version 18. 

 

 

 



Results 

Nineteen athletes with CAI were recruited and their characteristics are shown in Table 1. 

Athletes with CAI exhibited significant differences of ankle angles, ankle angular velocities, ankle 

NJM (Table 2, Figure 2), and average 300 ms EMG of GAS between directions of jump landing 

(Table 3). Interestingly, multi-directional jump landing did not influence evertor NJM or muscle 

activation of PL and TA.  

 

Table 1 Subject Characteristics (n = 19) 

Athletes’ characteristics Mean ± SD 

Age (years) 20.0 ± 1.3 

 Weight (kg) 66.0 ± 5.3 

Height (cm) 176.6 ± 6.3 

BMI (kg/m2) 21.1 ± 1.2 

CAIT-T Score 19.8 ± 3.4 



Table 2 Ankle angles and angular velocities at initial contact and peak vGRF and ankle NJM at peak vGRF during jump landing in forward (0°), 

30° diagonal, 60° diagonal, and lateral (90°) directions.  

Dependent variables 

Jump-landing directions 

p-Values Forward (0°) 30° diagonal 60° diagonal Lateral (90°) 

mean ± SD  95% CI 
(lower, upper) 

mean ± SD  95% CI 
(lower, upper) 

mean ± SD  95% CI 
(lower, upper) 

mean ± SD  95% CI 
(lower, upper) 

At initial contact 

Ankle angle (°) 
Dorsiflexion (+)/ 
Plantarflexion (-) 

-20.5 ± 6.1  -23.5, -17.6 -21.7 ± 4.7  -23.9, -19.4 -19.5 ± 6.7  -22.7, -16.3 -20.5 ± 5.0  -23.0, -18.1 0.262 

Inversion (+)/ 
Eversion (-) 

-3.5 ± 4.8  -5.8, -1.2 -3.5 ± 4.9  -5.8, -1.1 -4.7 ± 6.0  -7.6, -1.8 -6.2 ± 5.9a,b,c  -9.0, -3.3 0.001* 

Internal (+)/ 
External (-) 
rotation 

-8.6 ± 5.2  -11.1, -6.1 -12.6 ± 4.7a  -12.6, -8.1 -10.9 ± 4.7a  -13.1, -8.6 -12.2 ± 5.7a,b,c  -15.0, -9.5 < 0.001* 

Ankle velocity (°/s) 
Sagittal plane -316.5 ± 86.8  -358.3, -274.6 -395.0 ± 68.2a  --427.8, -362.1 -412.1 ± 106.2a  -463.3, -360.9 -435.9 ± 52.7a,b  -461.2, -410.4 < 0.001* 

Frontal plane 16.6 ± 226.4  -92.6, 125.7 24.6 ± 121.0  -33.7, 83.0 22.7 ± 101.7  -26.3, 71.7 -14.9 ± 155.6  -89.9, 60.0 0.633 

Horizontal plane -106.9 ± 39.6 -125.9, -87.8 -73.9 ± 30.8a  -88.7, -59.1 -60.2 ± 38.0a  -78.5, -41.8 -45.4 ± 32.4a,b   -61.0, -29.7 < 0.001* 

 
At peak vGRF 

         

Ankle angle (°)          
Dorsiflexion (+)/ 
Plantarflexion (-) 

-1.1 ± 3.5  -2.8, 0.6 0.9 ± 3.7a -0.9, 2.7 3.9 ± 3.9a,b  2.0, 5.8 11.0 ± 4.5a,b,c  8.8, 13.2 < 0.001* 



Inversion (+)/ 
Eversion (-) 

-13.5 ± 4.0  -15.5, -11.6 -10.2 ± 4.5a  -12.3, -8.0 -9.6 ± 5.0a  -12.0, -7.2 -10.3 ± 4.8a  -12.6, -8.0 < 0.001* 

Internal (+)/ 
External (-) 
rotation 

-4.1 ± 4.9  -6.5, -1.8 -10.4 ± 3.8a  -12.3, -8.6 -13.6 ± 4.0a,b -15.5, -11.7 -16.5 ± 4.4a,b,c  -18.6, -14.4 < 0.001* 

Ankle velocity (°/s) 
         

Sagittal plane -369.8 ± 71.9  -404.5, -
335.1 

-401.8 ± 48.8  -425.3, -378.2 -337.0 ± 66.6  -409.1, -
344.9 

-347.9 ± 60.0b  -376.8, -
319.0 

0.02 

Frontal plane 6.3 ± 180.6 -80.8, 93.4 25.8 ± 154.1  -48.5, 100.1 17.2 ± 124.5  -42.8, 77.3 20.2 ± 128.4  -41.4, 82.1 0.963 

Horizontal plane -187.9 ± 33.7  -204.1, -
171.6 

-116.1 ± 32.9a  -132.0, -100.3 -81.5 ± 34.9a,b  -98.4, -64.7 -54.5 ± 27.3a,b,c   -67.7, -41.4 < 0.001* 

Ankle NJM (Nm/kg) 
         

Plantarflexor (+)/ 
Dorsiflexor (-) 

2.04 ± 0.33 1.77, 2.32 2.13 ± 0.42  1.93, 2.33 2.54 ± 1.35  1.89, 3.19 2.60 ± 0.50a,b  2.36, 2.84 < 0.001* 

Invertor (+)/ 
Evertor (-) 

0.15 ± 0.67  -0.18, 0.47 -0.23 ± 0.82 -0.62, 0.18 -0.22 ± 1.56  -0.96, 0.53 -0.37 ± 1.67  -1.12, 0.44 0.443 

Internal (+)/ 
External (-) 
rotator 

0.05 ± 0.10  0.01, 0.10 -0.23 ± 0.10  -0.28, -0.18 -0.36 ± 0.13a,b  -0.42, -0.30 -0.52 ± 0.23a,b  -0.63, -0.42 < 0.001* 

*Statistical significance p < 0.05 of repeated ANOVA 
a Statistically significant difference compared with forward (0°) direction (p < 0.05). 
b Statistically significant difference compared with 30° diagonal direction (p < 0.05). 
c Statistically significant difference compared with 60° diagonal direction (p < 0.05). 
 

 

 

 



Table 3 Average EMG of the Peroneus longus (PL), Tibialis anterior (TA), and medial head of Gastrocnemius (GAS) muscles before and after 

jump landing in forward (0°), 30° diagonal, 60° diagonal, and lateral (90°) directions (mean ± SD). 

 

Dependent variables 

Jump-landing directions  

p-Values 
Forward (0°) 30° diagonal 60° diagonal Lateral (90°) 

mean ± SD 95% CI 

(lower, upper) 

mean ± SD 95% CI 

(lower, upper) 

mean ± SD 95% CI 

(lower, upper) 

mean ± SD 95% CI 

(lower, upper) 

Average EMG 100 ms before landing (% max) 

PL 16.40 ± 10.55 11.31, 21.48 20.17 ± 13.91  13.46, 26.87 22.40 ± 20.11  12.71, 32.09 26.48 ± 22.27  15.75, 37.22 0.562 

TA 9.51 ± 6.59  6.34, 12.69 10.24 ± 10.54  5.16, 15.32 13.21 ± 12.48  7.19, 19.22 13.42 ± 12.94  7.19, 19.66 0.562 

GAS 22.32 ± 12.62  16.24, 28.41 23.91 ± 16.05  16.17, 31.64 24.75 ± 17.86  16.14, 33.36 21.28 ± 14.67  14.21, 28.35 0.345 

Average EMG 300 ms after landing (% max) 

PL 41.50 ± 8.13  37.58, 45.41 44.75 ± 16.24  36.93, 52.58 49.51 ± 17.62  41.01, 58.00 52.79 ± 34.64  36.10, 69.48 0.222 

TA 42.05 ± 8.74  37.84, 46.26 41.95 ± 13.07  35.65, 48.25 47.22 ± 11.84  41.51, 52.92 49.43 ± 14.53  42.43, 56.43 0.195 

GAS 35.91 ± 6.56  32.77, 39.09 36.16 ± 8.89  31.87, 40.45 40.36 ± 11.75  34.70, 46.03 45.40 ± 13.33a,b,c  38.98, 51.83 0.004* 

*Statistical significance (p < 0.05) of Friedman’s test 
*CI = Confidence Interval 
*SD = Standard Deviation 
a Statistically significant difference compared with forward (0°) direction (p < 0.05). 
b Statistically significant difference compared with 30° diagonal direction (p < 0.05). 
c Statistically significant difference compared with 60° diagonal direction (p < 0.05).



Discussion 

The aim of the current study was to investigate ankle movements and muscle activity 

of peroneus longus, tibialis anterior and medial head of Gastrocnemius muscles during jump 

landings in multi-directions in athletes with CAI who had already returned to sports or 

competition. Our findings showed that athletes with CAI exhibited significant differences in 

ankle angles, ankle angular velocities, ankle NJM (Table 2), and average 300 ms EMG of GAS 

between the directions of jump landing (Table 3). Interestingly, multi-directional jump landing 

did not influence evertor NJM or the muscle activity of PL and TA.  

The patterns of average angular displacement and velocity in the sagittal plane were 

similar while the frontal and horizontal planes exhibited a variation between the jump landing 

directions (Figure 2). During landing, joint displacement and velocity of ankle dorsiflexion 

were the highest during the jump landing in the lateral direction. Interestingly, gradual 

increases in the ankle eversion displacement and velocity were observed after initial contact 

during diagonal and lateral jump landings compared with the forward direction.  

 

At initial contact (IC) phase 

The foot is the first body segment that contacts the ground and plays an important role 

in order to be the shock absorber during jump-landing tasks.22 Significant differences were seen 

in ankle eversion and external rotation (Table 2). Ankle eversion and external rotation showed 

an increasing trend from forward to lateral directions of jump landing, respectively. This may 

be the movement strategy of athletes with CAI in order to avoid risks of recurrent ankle sprain 

including avoiding ankle inversion and internal rotation postures at IC.23 The ankle movements 

in the athletes with CAI in the current study showed differences compared to Sinsurin24, who 

studied healthy athletes using the same protocol as the current study. During jump landing in 

forward, 30° diagonal, 60° diagonal and lateral direction, the healthy athletes showed ankle 



rotations of 1.2°, 1.0°, -0.8°, and -4.9° with much less movement into eversion while both 

external rotation and eversion were showing an increasing trend in the current study. A 

previous study25 exhibited a 4.0° greater ankle eversion in elite athletes with CAI compared 

with coper and healthy groups during a single-leg jump-landing task in forward direction. They 

preferred using greater angles in both eversion and external rotation angles for responding 

various directions of jump landing. A similar angle of plantarflexion was noted between jump-

landing directions. Plantarflexion angles at the IC phase in healthy athletes were -20.7°, -20.8°, 

-20.8°, and -19.3°.24 This seems that ankle control in sagittal plane between healthy athletes 

and athletes with CAI responds similarly during landing in various directions.  

During lateral landing, the athletes with CAI contacted the ground with slower ankle 

external rotation velocity and faster plantar flexion velocity compared to diagonal and forward 

directions, respectively. Although athletes with CAI seem to have a strategy to control the ankle 

angular velocity in the transverse plane, the highest ankle plantarflexion velocity was found in 

the lateral direction. Co-contraction impairment of ankle muscles might be the reason and the 

association with the pre-landing phase would be important for positioning the foot before initial 

contact.26  

 

At peak vertical ground reaction force (vGRF) phase 

Ground reaction force can be controlled by adjusting the flexion movement of lower 

extremity joint.27,28 Impact force and energy distribution during landing has a strong 

relationship to the sagittal motion of ankle and knee joints.29 The findings of the current study 

found that jump-landing direction significantly influenced ankle angles in three planes. 

Highest ankle dorsiflexion and external rotation, and lowest eversion were observed in 

the lateral landing. Significantly lower velocity of ankle external rotation was noted in lateral 

jump landing compared with forward and diagonal directions (Table 2). This finding may 



indicate that, to respond in various direction of jump landing, athletes with CAI control energy 

dissipation by adjusting ankle dorsiflexion, eversion, and external rotation. In 2017, Sinsurin 

et al24 showed a similar pattern of ankle dorsiflexion with significantly increasing trend (1.2°, 

2.7°, 6.6°, and 14.3°) from forward to lateral direction, respectively. However, ankle eversion 

(1.5° - 1.8°) and external rotation (11.8° - 13.3°) showed no significant change. It appears that 

when landing with a directional challenge, healthy athletes prefer adjusting ankle movement in 

the sagittal plane while frontal and rotational motions remain stable. On the other hand, athletes 

with CAI prefer adjusting three planes of ankle movement which might indicate less stabilizing 

during landing.   

Multi-directional jump landing significantly influenced ankle NJMs in the sagittal and 

horizontal planes. Greater mechanical demand of plantarflexor and external rotator muscles 

was observed in lateral, diagonal, and forward directions, respectively (Table 2). Athletes with 

CAI might attempt to stabilize by using the plantarflexor muscles as evidenced by the greater 

ankle plantarflexor moment during landing in various directions. On the other hand, in healthy 

athletes, high plantarflexor NJM was noted in the forward direction while internal rotator NJM 

showed an increasing trend from forward, diagonal, and lateral directions.24 The current finding 

may indicate that athletes with CAI used different strategies of muscle contraction in order to 

control the ankle during jumping in multi-directions. However, a previous study demonstrated 

that an increase in plantarflexor moment may decrease the energy transition to proximal joints 

causing a false position of the knee and is associated with knee injury.29 Fleming et al, in 2001, 

suggested that high ankle plantar flexor contraction could lead to more knee flexion during the 

landing, which would cause greater stress force in the knee joint and risk ACL injury.8 Future 

studies should observe knee and hip moments in athletes with CAI during jump landing in 

various directions.  

 



Average EMG 100 ms before and 300 ms after initial contact 

The neuromuscular system is the key of movement control and can help to prevent 

injury by increasing the dynamic stability during landing.30 In the pre-landing phase, there was 

no significant difference in average EMG between jump-landing directions (Table 3A). The 

PL muscle plays an important role in order to counteract the ankle inversion stress and control 

the ankle during landing.31 Similar pattern and average activity of PL muscle were observed 

between the current study and the previous study. However, TA muscle activation had quite a 

different pattern (Figure 3). Healthy athletes exhibited a similar amplitude of TA muscle 

activation in all directions15 while the current study was showed an increasing trend from 

forward, 30° diagonal, 60° diagonal, and lateral directions, respectively. Moreover, average 

TA muscle activities in athletes with CAI were greater than data of healthy athletes15 in all 

directions. This finding demonstrates that adaptive control of the ankle in athletes with CAI is 

noted with increased TA muscle activity during jump landing from forward to lateral 

directions. This may be a risky factor of recurrent ankle sprain from ankle inversion that is the 

result of high activity of TA muscle in pre-landing phase.  

In the landing phase, a trending increase of GAS muscle activation was significantly 

observed in all directions. This corresponds to an increasing trend of plantarflexor NJM at peak 

vGRF. Interestingly, GAS muscle activation in the current study showed different magnitude 

and pattern compared with the previous study.15 In healthy athletes, the magnitude of GAS 

activation was similar in all directions of jump landing. Moreover, the magnitudes of EMG in 

athletes with CAI was higher than healthy athletes by 7.56 % – 18.07 % max which assumes a 

higher loading at the ankle joint as well (Figure 3B).  

A trending increase of PL and TA muscle activation was observed in the landing phase 

of forward to lateral directions (Figure 3B). In healthy athletes15, PL muscle activation 

exhibited a significant increase from the forward to lateral directions while TA muscle 



activation exhibited a decrease. This may represent how healthy athletes stabilize the ankle 

joint during landing with directional challenge. TA and PL have demonstrated good co-

activation in order to stabilize the subtalar joint during landing in various directions.32 In 

contrast, athletes with CAI preferred an increase of PL, TA, and GAS muscle activation to 

stabilize the ankle joint in the critical phase of landing which may not be efficient for stabilizing 

the ankle joint and distributing impact loading through lower extremity joints. 

The current study demonstrates that a direction of jump-landing affects the ankle 

biomechanics and muscle activation. Single-leg jump landings in lateral and diagonal 

directions show greater risks of recurrent ankle sprain than forward directions. Even though 

athletes with CAI had already returned to sport, they still showed some biomechanical risks for 

recurrent ankle sprain during jump landing with multi-directional challenges. Therefore, this is 

a challenge that rehabilitation programs need to consider to create more effective programs to 

prevent recurrent ankle injury. Restoration of cortical excitability and PL muscle performance 

is suggested for rehabilitation programs of athletes with CAI.26,33 A testing protocol of multi-

directional challenge during single-leg jump landing could guide clinicians for designing a test 

of evaluation as a part of return-to-sport consideration.  

Athletes in the current study were basketball and volleyball players who were members 

of the university team. Applying the results in other sport players and tasks should be 

interpreted carefully. For future study, joint biomechanics of the hip and the knee, and proximal 

muscle activation would be interesting in order to better understand lower limb control and 

compensation after return-to-sports in athletes with CAI. 

 

Conclusion 

 Multi-directional single-leg jump landing significantly influenced the ankle 

biomechanics and GAS muscle activation in athletes with CAI who had returned to sport. 



Single-leg jump landings in lateral and diagonal directions showed greater possible risks for 

recurrent ankle sprain than the forward direction. Therefore, rehabilitation programs need to 

create a more effective program in order to possibly prevent recurrent ankle injury. 
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Figure 1. Single-leg jump-landing tests in multi-directions (A; starting position, B; landing on 

the forceplate) 

 



Figure 2. Average ankle angle displacement, angular velocity, and net joint moment (NJM) 

during landing. In Y-axis represents angular displacement, velocity, and NJM. In X-axis 

showed phase of landing between 100 ms before foot contact the ground to 300 ms after foot 

contact the ground 

Figure 3. Average EMG of PL, TA, and GAS muscles in pre-landing phase (A) and in landing 

phase (B). S_PL or TA or GAS; result of average EMG from the previous study [15] 
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