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The objective of this study was to determine the effects of 
deficit of ankle dorsiflexion in athletes who sustained a chronic lateral 
ankle sprain to the hopping performance. A comparative study was 
designed to compare the deficit and non-deficit condition of ankle 
dorsiflexion as a result of the weight bearing lunges test to distance 
hopping ability with single leg hop, which was normalized with leg 
length. There were no statistically significant differences in hopping 
performance, deficit vs non-deficit ankle dorsiflexion within-group 
comparisons in males (P = 0.932) or females (P = 0.999). Between 
group comparisons showed that ankle dorsiflexion deficit among 
female resulted lower hopping performance compared to male with / 
without ankle dorsiflexion deficit (P = 0.041 and P = 0.039). 
Surprisingly, hopping performance among male with ankle 
dorsiflexion deficit was further than female without ankle dorsiflexion 
deficit (P = 0.044). Meanwhile, hopping performance between male 
versus female without ankle dorsiflexion deficit were not significant 
(P = 0.054). The deficit of ankle dorsiflexion had no influence on 
hopping performance in athlete with a history of LAS, both male and 
female. Sex influenced hopping performance in athletes with ankle 
dorsiflexion deficits, with female athletes performing worse than 
male. During recovery, there might be differences in biomechanical 
adaptation between ankle dorsiflexion deficit conditions in female 
athletes compared to male. 
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INTRODUCTION 

Regular physical activity and exercise provide numerous health benefits, but 
they also carry risks, such as injury. In 2019, Herzog et al reported acute ankle 
sprains are the most common injury, representing approximately 15% of all injuries 
in sports activities. Lateral ankle sprain (LAS) was the most common type of ankle 
sprain and occurred most frequently during practice (Herzog et al., 2019) (Hodgkins 
and Wessling, 2021). Some athletes did not fully recover from LAS injuries, leading 
to an increased risk of developing Chronic Ankle Instability (CAI). It was reported 
that it accounted for approximately 32% of LAS incidents in athletes who developed 
CAI, with football having the highest prevalence of recurrent injuries and mechanical 
instability at 61%, followed by basketball at 60%. (Konradsen et al., 2002) (Koshino 
et al. 2020) (Attenborough et al., 2014). Individuals with a history of LAS and CAI 
had lower muscle strength, mechanical instability, proprioceptive loss, and decreased 
motor control due to kinematic compensation and maladaptation (Hertel and Corbett, 
2019) (Wenning et al., 2020) (Xue et al. 2021) (Kim et al., 2019) (Nanbancha et al., 
2019) Athletes also experienced several long-term consequences, such as a decrease 
in joint range of motion (ROM) dorsiflexion of the ankle. (Gribble et al., 2014) 
(Konradsen et al., 2002) (Hertel and Corbett, 2019) 

Several research evaluated ankle dorsiflexion ability, both after a history of LAS 
injury or with CAI. As a result, there was a significant side-to-side absolute 
asymmetries in ankle dorsiflexion ROM (Miller, Fawcett, and Rushton 2020) (Hoch et 
al., 2012) (Kosik et al., 2019). The prevalence experienced by 38% - 67% of athletes 
following unilateral severe LAS injury (Clark and Campbell, 2021). The presence of 
talocrural joint arthrokinematic disturbances was one that influencing ankle 
dorsiflexion deficit. Others were triceps surae muscle flexibility disorders, 
neuromuscular control disorders, and post-injury ankle joint adaptation (Hertel, 
2002) (Valderrabano et al., 2006) (Wikstrom and Hubbard, 2010) (Terada et al., 
2014) (Kim et al., 2019). The maximum ROM of the ankle joint, used as a parameter 
in the clinical development of the rehabilitation program and the evaluation of the 
exercise intervention. The development of ankle dorsiflexion ROM was one of specific 
evaluation. (Collins, Teys, and Vicenzino, 2004).  

After a LAS injury, ankle dorsiflexion ROM recovery was occurred over time, 
depended on the severity of the injury and the various clinical responses (Wisthoff 
et al., 2021) Some patients with a history of LAS or CAI, never regained their 
maximum ankle dorsiflexion ability (Wright et al., 2013). Athletes require maximum 
ankle dorsiflexion ability to support their performance in sports. Studies among 
normal athletes revealed that maximum ankle dorsiflexion contributed to dynamic 
balance, counter-movement jump performance, and energy efficiency when landing 
(Hoch, Staton, and McKeon, 2011) (Dowse et al., 2021) (Godinho et al., 2019).  

Patients with a history of LAS or CAI reported ankle dorsiflexion deficits, which 
were associated with the possibility of ankle re-injury (Clark and Campbell, 2021), 
impaired dynamic balance (Hernández-Guillén et al., 2022), alterations in the lower 
limb kinematics (Aquino et al., 2022), and associated with dynamic knee valgus 
(Lima et al., 2018). Females were worse in dynamic knee valgus than males due to 
ankle dorsiflexion deficit (Arundale et al., 2020). However, it is was still unknown 
whether ankle dorsiflexion deficits influence hop distance. We hypothesized that 
ankle dorsiflexion deficits influence on hopping performance among individual with 
history of LAS. Among individual with ankle dorsiflexion deficit, hopping performance 
was lower in female compared to male. 

MATERIALS AND METHODS 

Materials 

Data were collected during the East Java athletes' mandatory preparticipation 
physical evaluation, which performed by the Sport Clinic team of DR Soetomo 
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Surabaya Hospital in both October 2017 and March 2020. The entire subject of the 
study performed a series of preseason competition functional tests, with ankle 
dorsiflexion ROM measured bilaterally using the Weight Bearing Lunges Test (WBLT) 
to ensure subjects met the inclusion criteria. Weight Bearing Lunges Test 
measurements produce relevant results and have a high correlation with laboratory 
examinations for assessing the functional ROM of the ankle dorsiflexion. The 
maximum distance of the lunge measured with the measuring tape and the 
inclinometer is a valid assessment, and it was chosen because it is less expensive, 
more reliable, and faster than other methods. This closed chain assessment of ankle 
dorsiflexion ROM was more externally generalizable measure of ankle mobility than 
open chain or non weight bearing methods (Hall and Docherty, 2017)(Konor, Morton, 
and Grindstaff, 2012). 

Functional tests with hopping types were used to evaluate neuromuscular 
performance in a wide range of sports, including football (Read et al., 2019). The 
ability of hopping distances in single-leg hop and standing long jump tests in athletes 
with a history of injury could be used to identify the risk of re-injury in athletes during 
the competition season (Patterson et al., 2021). A shorter one-foot hop distance 
could indicate a higher risk of lower extremity injury (Collings et al., 2021). There 
were no significant differences in performance measures, when the injured limb was 
the dominant limb or when the injured limb was the non-dominant limb (Bansbach 
et al., 2017).  

This study compared the hopping distance of a single leg hop for distance 
(SLHD) measurement, in the conditions of ankle dorsiflexion deficit and non-deficit 
at the side of injury as a result of the WBLT, in male and female athletes with a 
history of LAS. Prior to the group comparison, the hop distance from the selected 
subject was normalized by dividing it by their leg length (LL), which was measured 
from the anterior superior iliac spine to the medial malleolus (Munro and Herrington, 
2011). This study was approved by the Research Ethics Committee at the  
Dr. Soetomo Hospital Ethics Committee, Surabaya, Indonesia, which states that this 
study complies with The Office for Human Research Protection under the 
requirements of the U.S. Department of Health and Human Services Regulation 45 
CFR part 46 for exempt review. Approval number 0884/LOE/301.4.2/IV/2022, date 
of issue April 21, 2022 

 
Subjects 

A total sampling of all subjects who met the criteria was used, with the 
recognition that 38 data subjects were utilized to identify. Means and standard 
deviations were calculated as descriptive data for the participants' demographics, as 
shown in table 1. Thirty eight athlete data, men (n = 16) and women (n = 22) meet 
the criteria. In this study, the gender composition of athletes between groups that 
experienced deficits and non-deficits was consistent with Miller et al. finding's. As 
injured female athletes' WBLT ability is more limited, the population is larger than 
that of men, however the difference is not statistically significant (Miller, Fawcett, 
and Rushton, 2020). 

Inclusion criteria were; (1) Data collected from ≥ 17-year-old athletes, who 
compete in weight-bearing type of sports such as; fencing, wrestling, wushu, hockey, 
athletics, gymnastics, basketball, water-skiing, handball, jump diving, kempo, and 
sepak takraw (2) Athletes reported at least one chronic LAS history on the 
questionnaire form, ≥ 6 months prior to the examination (3) The results of an 
ultrasonography test revealed a chronic sprain and/or a partial tear of the anterior 
talofibular ligaments (4) The screening results confirmed, that the athlete had a 
chronic ankle injury and/or a potential ankle injury (5) The result of WBLT on the 
injured side, either in deficit or non-deficit ankle dorsiflexion as measured by SLHD. 
Exclusion criteria were; (1) According to injury history, athletes have musculoskeletal 
injuries in other areas of the lower extremities, are experiencing low back pain, or 
have been diagnosed with concussion within 6 months of the examination. (2) Have 
been diagnosed with impaired balance, vestibular, neurological. (3) Have a history 
of fractures and/or a history of surgery on the lower extremities (Kosik et al., 2019). 
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Procedures 

Data on health conditions and complaints were collected from all athletes who 
took part in the screening. The data from the questionnaire form was used to obtain 
the history of LAS injury, and all screening participants answered questions prior to 
the examination. The questionnaire stated that participation in the screening was 
voluntary, and that the results or data would be made anonymously to protect 
participants' privacy. Data from participants who met the inclusion criteria were 
analyzed, and the results were used to group measuring and control subjects. The 
Sport Clinic team performed the tests in accordance with the protocols. The WBLT 
data were collected by one of three physiotherapists with > 8 years clinical 
experience in sports medicine. 

Weight bearing lunges test measurement using the toe to wall method, with 
the participant's bare foot facing the wall at the start (figure 1a). The measured foot 
correctly steps on a horizontal line marked on the floor with a marker placed in the 
center of the heel and thumb. Two measuring tapes were correctly aligned on the 
floor to the right and left of the line mark. Knees perpendicular to the wall, with 
vertical marking lines perpendicular to the horizontal line on the floor for easy 
supervision. Participants attached both palms to the wall to keep their balance and 
body upright during the test. Untested legs were placed on the floor, behind the 
measured feet, at a comfortable distance and with the heels raised. While 
maintaining that position, participants were instructed to perform a lunge in which 
the knees and ankles were bent until the center of the knees were attached or 
contacted to the vertical marking line of the wall while keeping the heels and toes 
aligned on the horizontal line on the floor. After completing the experiment, in which 
there was no change in the position of the heels against the floor, participants were 
instructed to move the soles of their feet away by about 5 cm. When the heel was 
lifted from the floor, the sole of the foot advanced forward until the heel makes 
contact with the floor. With the correction of the marker, the contact of the knee with 
the wall and the contact of the heel with the floor are visually monitored. A 
perpendicular projection of the fingertips with a measuring tape was the result of the 
measurement (figure 1b) (Hoch et al., 2012) (Konor, Morton, and Grindstaff, 2012) 
(Chisholm et al., 2012) (Langarika-Rocafort et al., 2017). 

 
Figure 1. WBLT screening procedure. (a) Position at the time of measurement. 
(b) Projection of the fingertips to measuring tape. 

Data from ankle dorsiflexion deficits greater than 1.5 cm above baseline  
(> 1.5 cm) were included in the measuring group, Those who were less than 1.5 cm 
below baseline (≤ 1.5 cm) were included in the control group. (Hoch and McKeon 
2011). Participants with a history of bilateral LAS, as well as lower limbs with ankle 
dorsiflexion asymmetry greater than baseline (> 1.5 cm), were included in the 
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deficits group. Data were collected from all subjects who performed the SLHD on the 
lower limbs in each group. Subjects were shown a demonstration and given 
standardized instructions before being measured for SLHD. Data were taken with in 
the participant relaxed stand position on singular foot of his or her fingertips correctly 
on the starting line mark Participants performed one jump, land without losing 
balance, and hold the final landing position for at least two seconds. To avoid 
performance bias due to the influence of the injured side, side, the test started firstly 
with normal limb. There were no obstacles to free arm movements during the test. 
The hopping distance is measured from the tip of the toe during takeoff to the tip of 
the toe during landing on the same foot. For each test, one attempted hop was 
followed by two measured hops (Reid et al., 2007) (Witchalls et al., 2013). The hop 
was considered unsuccessful if there is a loss of balance at the end of the hop, 
additional jumping motion when landing, or the lower extremities of the contralateral 
or upper extremities touch the floor when landing (Munro and Herrington, 2011). 

 
Statistical analyses 

The Shapiro-Wilk test resulted the data distribution was significantly different 
to a normal data distribution pattern so that non-parametric test of Kruskal-Wallis 
was used to compare data between four groups and followed by Games-Howell post 
Hoc test. Statistical significance was set to P &lt; 0.05. All statistical procedures were 
performed using SPSS Statistics (IBM Corp. IBM SPSS Statistics for Windows, Version 
16. Armonk, NY, USA). 

RESULTS  

The male deficit consists of 7 subjects, with 1 subject experiencing bilateral 
LAS, the female deficit consists of 11 subjects, with 3 subjects experiencing bilateral 
LAS, the male non-deficit consists of 9 subjects with unilateral LAS, and the female 
non-deficit consists of 11 subjects with unilateral LAS. A chi-square analysis of the 
four groups reveals no statistically significant differences in age, mass, height, body 
mass index, and leg length. The subject characteristics were seen at table 1. 

Ankle dorsiflexion deficit did not influence on single leg hop for distance among 
male and female subjects. Single leg hop for distance did not difference between 
male deficit group's compare to male non deficit group’s (P = 0.932). Similar result 
was found among female (P = 0.999). The history of LAS resulted lower single leg 
hop for distance among female subject compared to male subject. Ankle dorsiflexion 
deficit among female with LAS history resulted lower single leg hop for distance 
compared to male with / without ankle dorsiflexion deficit (P = 0.041 and P = 0.039). 
Surprisingly, single leg hop for distance among male with ankle dorsiflexion deficit 
was further than female without ankle dorsiflexion deficit (P = 0.044). Meanwhile, 
comparison results between male and female without ankle dorsiflexion deficit were 
not significant (P = 0.054). Comparison of single leg hop for distance between ankle 
dorsiflexion deficit vs non deficit with history of LAS was seen at figure 2. 

Table 1. Subject characteristics between groups, represented in mean ± SD. 

 

 Male deficit 
(n = 7) 

Female 
deficit 

(n = 11) 

Male non 
deficit 
(n = 9) 

Female non 
deficit 

(n = 11) 

Significance 
between 

groups (P) 

Age (years) 24.6 ± 5.2 20.5 ± 2.0 25.5 ± 6.6 23.4 ± 4.1 0.533 

Mass (kg) 66.6 ± 7.4 56.8 ± 5.7 63.8 ± 7.2 57.9 ± 10.5 0.403 

Height (cm) 170 ± 6.9 160 ± 6.5 169.3 ± 3.7 162 ± 6.4 0.579 

BMI 23 ± 1.2 22.2 ± 1.8 22.2 ± 1.8 21.9 ± 3.1 0.463 
Leg length (cm) 91.1 ± 5.2 91.5 ± 7 92 ± 4.7 88.9 ± 6.4 0.341 
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Figure 2. Comparison of single leg hop for distance between ankle 
dorsiflexion deficit vs non deficit with history of LAS among male and female 
subject. Analized with Kruscal Wallis, Games-Howell post hoc test *significant 
differences against the male non-deficit group (P <0.05); ^significant to the male 
deficit group (P <0.05); SLHD = Single Leg Hop for Distance 

DISCUSSION 

Similar sexes comparison groups 
A Games-howell post hoc comparison of hopping distance measured with SLHD 

at injury limbs of each gender revealed that male athletes with ankle dorsiflexion 
deficits had no significant difference in hopping distance (P > 0.05) compared to male 
athletes without deficits of ankle dorsiflexion. Similarly, female athletes with ankle 
dorsiflexion deficits did not differ significantly compared to female athletes without 
ankle dorsiflexion deficits (P > 0.05). Our results contradicted with our hypothesis as 
there is no one difference was noted. The mean of SLHD in male deficit hopping 
distance results is shown further (figure 2). However, the post-hoc comparison with 
male non-deficit was not significant. The mean of SLHD was comparable in both 
deficit and non-deficit female athletes (figure 2). The post hoc comparison of female 
athletes with and without ankle dorsiflexion deficits was not significant. 

Previous research in female athletes found that, ankle flexibility is not 
associated with agility or running performance (Richardson and DeBeliso, 2020). 
Similarly, in men, research from the trained military group found no significant 
difference in performance between limbs with a history of LAS injury and those with 
normal control (Bansbach et al., 2017). In adult male athletes also reported, that 
functional performance comparisons between the CAI groups and normal controls 
revealed no significant differences (Lu et al., 2022) (Navarro-Santana et al., 2019). 
Previous study by Navarro-Santana et al found, no difference in the explosive 
performance ability of the lower limbs when vertical jumping with CAI conditions, but 
there was an effect on the performance of lower limb endurance when side hops on 
CAI (Ko, Rosen, and Brown, 2018).  

Another study compared the muscle strength ratios of the injured and normal 
sides of football, volleyball, and basketball players, the results were not significant. 
The measurement of muscle strength ratio should take into account factors that 
affect muscle strength such as type of injury, severity of injury, and sport type 
(Vosburg et al., 2022). The ability to hop between the lower limbs varies with each 
active adult healthy individual, resulting in asymmetry between normal limbs and 
CAI, with an average symmetry index above 90% (Madsen et al., 2020). In 2021, 
Simon et al reported the symmetry index between the limbs when performing SLHD 
is not significant between pre- and post-injury conditions, when the athlete has 
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returned to sport activity. However, there is compensation on the side of the injury 
that affects the lower limb symmetry profile. (Simon, Yom, and Grooms, 2021).  

A chronic condition in which athletes have returned to sports following a LAS injury 
with a specific training pattern, allowing adaptation to occur. The condition resulted 
in an ankle dorsiflexion deficit, because various factors after LAS injury, did not affect 
hop distance. The subject had already discovered a solution to its deficiencies. 
Athletes with a history of chronic LAS who are already returning to sport with ankle 
dorsiflexion deficit conditions can hop just as well as the same gender's non deficit 
ankle dorsiflexion group. Future investigation might examine the biomechanics 
profile of athletes with dorsiflexion limitations after LAS 

Different sexes comparison groups 

Female athletes' hopping distances measured with SLHD differed from male 
athletes'. Figure 2 showed that post hoc comparison of SLHD between female athletes 
with ankle dorsiflexion deficits were significantly shorter than male athletes with 
ankle dorsiflexion deficits (P < 0.05). Female athletes with ankle dorsiflexion deficits 
had significantly shorter SLHD than male athletes without ankle dorsiflexion deficits 
(P < 0.05). It is supporting our prior hypothesis. Surprisingly, female athletes without 
ankle dorsiflexion deficit had shorter SLHD than male athletes with dorsiflexion deficit 
(P < 0.05). However, the comparison results between female and male athletes in 
the same condition without ankle dorsiflexion deficit were not significant (P > 0.05). 
It contradicts the SLHD comparison between female and male athletes with ankle 
dorsiflexion deficits. Several studies had compared sexes, even in the history of LAS 
or with CAI, especially in terms of biomechanical differences. Female athletes with 
ankle dorsiflexion deficits had lower functional test ability than male athletes 
(Chimera, Smith, and Warren, 2015) (Lu et al., 2022). In 2018, Onate et al reported 
the difference in SLHD test performance between sexes in normal high school 
athletes, that males tended to demonstrate greater single-legged–hop capabilities 
than females (Onate et al., 2018).  

In contrast with ankle dorsiflexion deficit condition, the non-significant results 
of female athletes without ankle dorsiflexion deficits compared to male athletes give 
rise to the notion that female athletes are more likely to be affected by ankle 
dorsiflexion deficits than male athletes. Male athletes with deficit ankle dorsiflexion 
develop coping mechanisms if ankle dorsiflexion without deficit is a normal condition 
of functional recovery after LAS. Female deficit cannot compensate for deficiencies 
as well as male deficit. Female athletes performed significantly worse on ankle 
dorsiflexion deficit, most likely due to changes in neuromuscular control and 
adaptation during post-LAS injury recovery. Under normal conditions, the deficit of 
ankle dorsiflexion in female athlete is associated with biomechanical changes in the 
lower extremities during jump - landing activities (Taylor et al., 2022). In 2019, Chen 
et al. reported that postural stability control patterns in healthy populations revealed 
gender differences (Chen et al., 2019). Female use ankle strategies to maintain body 
balance more than men, whereas CAI patients have proprioceptive deficits and 
kinesthesia of inversion motion and plantar ankle flexion (Olchowik et al., 2015) (Xue 
et al., 2021). This phenomenon is associated with a slower onset of peroneus longus 
and anterior tibial muscle activity in people with CAI compared to the control group 
during perturbation of posture balance, ventral and dorsal directions (Labanca et al., 
2021). It was also reported that patients with CAI had lower leg pronation deviation 
during sprinting activities when compared to healthy subjects. As the running 
distance increases, the decline becomes more pronounced (Colapietro et al., 2020). 
These findings are likely to influence on gait in women with CAI, where there is a 
significant decrease in gait performance compared to non-CAI women and men with 
CAI. (Lee, Lee, and Ha, 2021) 

Observations of jump-landing motion in normal female athletes revealed that 
the ability of ankle dorsiflexion was related to the level of knee and hip flexion and 
the absorbency of the hip and knee extensor muscles, as well as deviations in frontal 
field knee movements. Female athletes do not make full use of their ankle 
dorsiflexion ROM (Taylor et al., 2022). The findings of the previous observations are 
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consistent with the findings of Labanca et al. who discovered that ankle stability in 
female CAI patients is related to hip abductor strength (Labanca et al., 2021).  
In addition, Lu et al. discovered a decrease in hip abductor muscle strength in female 
CAI patients, with results that were significantly lower than those of male CAI 
patients (Lu et al., 2022). Kline et al. found that in normal subjects, the strength of 
the proximal muscles of the hips, including external rotators, affects hop performance 
in addition to the strength of the knee extensor, so that females with a history of LAS 
require greater activation of the hip muscles when performing movements (Kline  
et al., 2018) (Lu et al., 2022). Another risk associated with adult female athletes' 
biomechanical compensation is a greater valgus angle of the knee during the initial 
contact phase and the maximum knee flexion phase during landing. Women's 
movement patterns that develop in the presence of an increased angle of abduction 
of the knee will contribute to a higher load on the knee joint. The condition increases 
the risk of lower extremity and post-menstrual knee injury (Sonesson et al., 2022). 

The use of ankle strategies in females with a history of LAS injury is likely to 
change (Olchowik et al., 2015) (Colapietro et al., 2020) (Labanca et al., 2021) (Xue 
et al., 2021). According to the lower limbs kinetic chain concept, changes in the area 
of the ankle joint following chronic LAS are likely to trigger kinematic compensation 
and changes in motion control, including activation of the proximal area of the lower 
limb (Terada, Pietrosimone, and Gribble 2013) (Kim et al., 2019) (Howe et al., 2021) 
(Labanca et al., 2021). This condition requires greater hip muscle strength, but 
female athletes with a history of LAS or CAI tend to have lower muscle strength, both 
abductors and external rotators than male athletes (Labanca et al., 2021) (Lu et al., 
2022). Kinematic changes resulting from ankle dorsiflexion deficits are likely to occur 
in the CNS. Changes in corticomotor nerve excitability and inhibition in CAI patients 
indicate the presence of a cortical maladaptation process. (Kim et al., 2019) 
(Pietrosimone and Gribble, 2012) (Futatsubashi et al., 2013) (Nanbancha et al., 
2019). In female, the condition is likely to cause non-optimal hop preparations due 
to a decrease in proximal muscle strength and kinematic changes, affecting the 
strength of the hopping prime mover muscles (Kline et al., 2018).  

Thus, the current findings revealed that the hopping distance of female athletes 
with ankle dorsiflexion deficit is significantly lower than male. There may be 
differences in biomechanical adaptation between ankle dorsiflexion deficit conditions 
in female athletes compared to male athletes. As a result, it is essential to consider 
the gender differences and activity level when evaluating performance after LAS 
(Onate et al., 2018) (Lu et al., 2022). In the normal condition of athletes 
demonstrates that, gender has a significant influence on SLHD performance tests. 
Male athletes with a high level of activity have greater abilities than female athletes 
(Onate et al., 2018). Future research might examine the impact of ankle dorsiflexion 
limitations through female athletes following LAS or CAI 

This study is not without limitation. The current study is based on the results 
of preseason competition multi-event screenings across multiple sports. The diversity 
of sports and training patterns within each group maybe influence hop outcomes. 
Future research should compare performance in ankle dorsiflexion deficits and non-
deficits after LAS by grouping subjects with the same sport. The findings of this study 
could not differentiate between the types of kinematic adaptation and specific muscle 
recruitment in athletes with deficit and non-deficit ankle dorsiflexion, or between 
male and female with a history of LAS. Future research involving biomechanical 
analysis and muscle recruitment is required to assess the characteristic.  

CONCLUSION 

This study revealed that a deficit of ankle dorsiflexion had no influence on 
hopping performance in athlete with a history of chronic LAS, both male and female. 
Sex influenced hopping performance in athletes with ankle dorsiflexion deficits. 
Female athletes with a deficit in ankle dorsiflexion had lower hopping performance 
than male athletes. During the recovery process after LAS injury, there may be 

https://cmuj.cmu.ac.th/


 

Open access freely available online Nat. Life Sci. Commun. 2023. 22(1): e2023017 

 

9 Natural and Life Sciences Communications: https://cmuj.cmu.ac.th 

differences in biomechanical adaptation between ankle dorsiflexion deficit conditions 
in female athletes compared to male. Further, clinicians are expected to consider 
gender, activity level, and sport when determining the limitation performance 
following LAS injury.  
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