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Abstract:  

Objective: Chronic instability after lateral ankle sprain has been shown to cause balance deficits 

during quiet standing. Although static balance assessment in those with ankle instability has been 

thoroughly examined in the literature, few researchers have studied performance on more 

dynamic tasks. Our purpose was to determine if the Star Excursion Balance Tests (SEBTs), 

lower extremity reach tests, can detect deficits in subjects with chronic ankle instability. 

Design and Setting: We performed all testing in a university athletic training facility. We tested 

lower extremity reach using the SEBTs, which incorporates single-leg stance with maximal 

reach of the contralateral leg. 

Subjects: Twenty subjects with unilateral, chronic ankle instability (age = 19.8 ± 1.4 years, 

height = 176.8 ± 4.5 cm, mass = 82.9 ± 21.2 kg) and 20 uninjured subjects matched by sex, sport, 

and position (age = 20.2 ± 1.4 years, height = 178.7 ± 4.1 cm, mass = 82.7 ± 19.9 kg). 

Measurements: We measured the reach distances in centimeters (cm) and averaged 3 reaches in 

each of the 8 directions while the subjects stood on each leg for data analysis. 

Results: The group with chronic ankle instability demonstrated significantly decreased reach 

while standing on the injured limb compared with the matched limb of the uninjured group (78.6 

cm versus 82.8 cm). Additionally, subjects with chronic ankle instability reached significantly 

less when standing on their injured limbs as compared with their uninjured limbs (78.6 cm versus 

81.2 cm). 

Conclusions: The SEBTs appear to be an effective means for determining reach deficits both 

between and within subjects with unilateral chronic ankle instability. 
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Article:  
 

Lateral ankle sprain (LAS) is among the most common injuries in sport.1–5 The incidence of 

residual symptoms and development of chronic ankle instability (CAI) after LAS have been 

reported to be between 31% and 40%.6–9 When LAS occurs, damage not only occurs to the 
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structural integrity of the ligaments but also to various mechanoreceptors in the joint capsules, 

ligaments, and tendons about the ankle complex.9–12Collectively, these receptors offer feedback 

regarding joint pressure and tension, ultimately providing a sense of joint movement and 

position.9,12 Via afferent nerve fibers, this information is integrated with the visual and vestibular 

sensory systems into a complex control system that acts to control posture and 

coordination.13When afferent input is altered after injury, appropriate corrective muscular 

contractions may be altered. Thus, damage to the mechanoreceptors surrounding the ankle joint 

with an LAS may contribute to functional impairments and chronic instability subsequent to 

initial injury.9,12,14 

 

Postural-control deficits during quiet standing after acute LAS and in those with CAI have been 

frequently reported6–7,15–20; however, the sensitivity of these measures has been 

questioned.21 Balance is a motor skill of clinical relevance, as balance deficits may result in 

multiple episodes of recurrent LAS and diminished lower extremity function.22–24 In order to 

maintain postural control, the body is in a state of continuous movement, adjusting to keep the 

center of gravity over the base of support.13 Balance is maintained by strategies at the hip, knee, 

and ankle and may be disturbed when joint positions cannot be properly sensed or when 

corrective movements are not executed in a coordinated fashion.25 Sensory information obtained 

from the somatosensory, visual, and vestibular systems is interpreted in the central nervous 

system, and appropriate signals are relayed to the muscles of the trunk and extremities in order to 

maintain postural stability.26,27Maintenance of postural control also requires factors such as 

preprogrammed reactions, nerve-conduction velocity, joint range of motion, and muscle 

strength.28 

 

To evaluate proprioceptive and neuromuscular deficits after lower extremity injury, postural 

control has typically been assessed with variations of the Romberg test. Instrumented devices 

such as forceplates have often been used to quantify postural control during variations of quiet 

standing.25,28 A criticism of static balance testing is that these assessment techniques may not be 

sensitive enough to detect motor-control deficits related to impaired functional activity and sport 

performance.21 The task of maintaining posture during quiet standing may not place adequate 

demands on the postural-control system to detect deficits stemming from ankle-joint injury. In 

addition, due to the space and cost requirements associated with these instrumented devices, they 

are not affordable or practical for many clinical settings. Thus, a simple, reliable, and valid 

method of lower extremity functional performance is needed.29 The Star Excursion Balance 

Tests (SEBTs) may offer a simple, reliable, low-cost alternative to more sophisticated 

instrumented methods that are currently available.30–32 The SEBTs are tests of dynamic stability 

that may provide a more accurate assessment of lower extremity function than tests involving 

only quiet standing. 

 

The goal of the SEBTs is to reach as far as possible with one leg in each of 8 prescribed 

directions while maintaining balance on the contralateral leg (Figure 1). The stance leg requires 

ankle-dorsiflexion, knee-flexion, and hip-flexion range of motion and adequate strength, 

proprioception, and neuromuscular control to perform these reaching tasks. The SEBTs are best 

described as functional tests that quantify lower extremity reach while challenging an 

individual's limits of stability. The reliability of the SEBTs has been investigated in 2 previous 

studies.31,32 While measures from the SEBTs are reliable, the ability of this tool to detect 



impairments between healthy and injured subjects has yet to be determined. Therefore, our 

purpose was to determine if the SEBTs could detect reach deficits in subjects with unilateral 

CAI. 

 

 
 

METHODS 

 

Subjects 

 

Twenty subjects with unilateral CAI (10 men, 10 women; age = 19.8 ± 1.4 years; height = 176.8 

± 4.5 cm; mass = 82.9 ± 21.2 kg; leg length = 93.3 ± 7.1 cm) and 20 uninjured subjects (10 men, 

10 women; age = 20.2 ± 1.4 years; height = 178.7 ± 4.1 cm; mass = 82.7 ± 19.9 kg; leg length = 

95.5 ± 5.2 cm) were recruited from the general athletic population at an NCAA Division III 

university. Chronic ankle instability was operationally defined for this study as recurrent 

episodes of ankle instability (“giving way”), regardless of the existence of neuromuscular 

deficits or pathologic laxity. Volunteers were selected for the CAI group according to the 

following criteria: (1) at least one episode of an acute LAS but none within the past 6 weeks, (2) 

multiple episodes of the ankle giving way within the past 12 months, (3) free of cerebral 

concussions, vestibular disorders, and lower extremity injuries for 3 months before testing, (4) no 

ear infection, upper respiratory infection, or head cold at the time of the study, and (5) no prior 

balance training. 



 

Volunteers were selected for the uninjured group according to the following criteria: (1) no 

history of injury to either ankle, (2) free of cerebral concussions, vestibular disorders, and lower 

extremity injuries for 3 months before testing, (3) no ear infection, upper respiratory infection, or 

head cold at the time of the study, and (4) no prior balance training. Subjects with CAI were 

matched with controls according to sex, sport, and position. 

 

All subjects read and signed an informed consent form approved by the university's institutional 

review board, which also approved the study. All subjects completed a medical history 

questionnaire concerning previous ankle injuries and the other inclusion and exclusion criteria. 

 

Procedure 

 

The SEBTs are functional tests that incorporate a single-leg stance on one leg with maximum 

reach of the opposite leg. The SEBTs are performed with the subject standing at the center of a 

grid placed on the floor, with 8 lines extending at 45° increments from the center of the grid. The 

8 lines positioned on the grid are labeled according to the direction of excursion relative to the 

stance leg: anterolateral (AL), anterior (A), anteromedial (AM), medial (M), posteromedial 

(PM), posterior (P), posterolateral (PL), and lateral (L) (Figure 2). The grid was constructed in an 

athletic training facility using a protractor and 3-in (7.62-cm)-wide adhesive tape and was 

enclosed in a 182.9-cm by 182.9-cm square on the hard tile floor. 

 

 
 

A verbal and visual demonstration of the testing procedure was given to each subject by the 

examiner (L.C.O.). Each subject performed 6 practice trials in each of the 8 directions for each 

leg to become familiar with the task, as recommended by Hertel et al.32 After the practice trials, 

subjects rode a stationary bike for 5 minutes at a self-selected pace and then stretched the 

quadriceps, hamstrings, and triceps surae muscle groups before testing. To perform the SEBTs, 

the subject maintained a single-leg stance while reaching with the contralateral leg (reach leg) as 

far as possible along the appropriate vector. The subject lightly touched the furthest point 

possible on the line with the most distal part of the reach foot. The subject was instructed to 



touch the furthest point on the line with the reach foot as lightly as possible in order to ensure 

that stability was achieved through adequate neuromuscular control of the stance leg. The subject 

then returned to a bilateral stance while maintaining equilibrium. The examiner manually 

measured the distance from the center of the grid to the touch point with a tape measure in 

centimeters. Measurements were taken after each reach by the same examiner. 

 

Three reaches in each direction were recorded. Subjects were given 15 seconds of rest between 

reaches. The average of the 3 reaches for each leg in each of the 8 directions was calculated. 

Reach leg (right, left), order of excursions performed (clockwise, counterclockwise), and 

direction of the first excursion (A, M, L, P) were counterbalanced to control for any learning or 

order effect. All trials were then performed in sequential order in either the counterclockwise or 

clockwise directions. 

 

Trials were discarded and repeated if the subject (1) did not touch the line with the reach foot 

while maintaining weight bearing on the stance leg, (2) lifted the stance foot from the center grid, 

(3) lost balance at any point in the trial, or (4) did not maintain start and return positions for one 

full second. If a subject was judged by the examiner to have touched down with the reach foot in 

a manner that caused the reach leg to considerably support the body, the trial was discarded and 

repeated. In other words, if the reach foot was used to widen the base of support, the trial was not 

recorded. The base of support was the stance foot for the entire trial with the fraction of a second 

in which the reach foot very lightly touched the ground. It was atypical for subjects to have 

discarded trials, and none reported fatigue during or after the testing session. 

 

Statistical Analysis 

 

We used a 2 × 2 × 8 repeated-measures analysis of variance for analysis. The between-subjects 

factor was group with 2 levels (CAI, control), while the within-subjects factors were side with 2 

levels (injured, uninjured) and direction with 8 levels (AL, A, AM, M, PM, P, PL, L). Tukey post 

hoc tests were performed to identify specific differences when significant interactions and main 

effects were demonstrated. We used the mean of the 3 reaches for each direction and leg for data 

analysis. The alpha level was set at P < .05 for all analyses. 

 

RESULTS 

 

We identified a significant side-by-group interaction (F1,38 = 3.99, P = .05) (Figure 3). Post hoc 

comparisons revealed an overall decreased reach in the CAI group while balancing on the injured 

side compared with the matched side of the uninjured group (78.6 cm versus 82.8 cm) and when 

compared with their own uninjured side (78.6 cm versus 81.2 cm). The Table lists the means and 

standard deviations for the 8 specific reach distances for both limbs of the groups. 

 

Significant differences in reach distance were found among the 8 directions when data from both 

limbs of both groups were pooled (F1,19 = 90.8, P = .001) (Figure 4). Post hoc testing revealed 

that reaches in the L direction were significantly shorter than reaches in the other 7 directions, 

and reaches in the AL direction were significantly less than all other directions except for L. 

Additionally, P and PM reaches were significantly longer than reaches in the A, AM, and PL 

directions. 



 
 

 
 

DISCUSSION 

 

The principal finding of our study was that subjects with CAI reached significantly less when 

standing on their injured limb compared with their uninjured limb and when compared with 

uninjured subjects. While previous investigators31–32 have estimated the reliability of the SEBTs, 

we focused on the ability of these tests to detect impairments in lower extremity reach in subjects 

with CAI. The SEBTs appear to be sensitive in detecting reach deficits both between and within 

athletes with unilateral CAI. While the SEBTs appear to have the sensitivity to detect reach 

deficits in subjects with CAI, their validity has yet to be clearly established. This is a difficult 

challenge, as no dynamic functional test is considered a gold standard for validation of the 

SEBTs. Evidence supporting the use of specific functional tests in discriminating between 

individuals with and without CAI is lacking. Previous researchers33,34 have investigated various 

hopping tasks but were unable to identify performance deficits between subjects with and 

without CAI. It is our belief that the SEBTs are the first noninstrumented, functional tests that 

have been shown to be both highly reliable and sensitive to deficits between subjects with and 

without CAI. 

 

Assessment of postural control during quiet standing in subjects with a history of ankle sprain 

has been frequently reported, but the methods used have been inconsistent. Therefore, 

generalizations about previously reported findings must be made with caution. Some researchers 

have used objective assessment (derivatives of center-of-pressure measures), while others have 

used subjective assessment (subject and examiner ratings of apparent stability). Some35–37 have 

reported no side-to-side differences among ankle-injured subjects; others9,16,18,38,39 have 



identified such differences. Differences between groups of ankle-injured and uninjured subjects 

were reported in 2 studies,15,36 but other studies35,37 showed no group differences. It may be that 

static assessment of postural control does not provide sufficient challenge to consistently detect 

functional deficits in subjects after LAS.21 Ross et al40–42 have presented preliminary results of 

dynamic postural-control deficits in those with CAI by measuring time to stabilization after jump 

landings on a single limb. While these methods hold promise as a means to quantify functional 

performance deficits in athletes with CAI, more research in this area is needed. 

 

 
 

 

Dynamic assessment, such as time-to-stabilization measures or the SEBTs, may be better than 

static postural-control assessment to determine functional deficits in those with CAI. The 

differences between static postural-control tests and the SEBTs must be considered. Static 

postural control is the ability to remain as still as possible while maintaining one's balance over a 

stable base of support. Static postural impairment with CAI is thought to be caused by impaired 

proprioception and neuromuscular control.9,16,17 When ligaments are torn, articular receptors may 

be damaged and contribute to the observed postural deficits.9,12,27Maintenance of balance during 

dynamic movements, such as those involved in performing the SEBTs, involves the ability to 

keep the center of gravity over the stable base of support without losing one's 

balance.25 Dynamic postural stability has been defined as the extent to which a person can lean 

or reach without moving the feet and still maintain balance.43 We believe that performance of the 

SEBTs challenges the subject's limits of stability as he or she maximally reaches and is, thus, at 

least somewhat indicative of dynamic postural stability. Although dynamic postural impairment 



may be influenced by impaired proprioception and neuromuscular control, other factors may 

contribute to this condition, including strength and range of motion. 

 

First, strength demands are most likely greater when performing dynamic tasks compared with 

static tasks. Closed kinetic chain motion at the ankle, knee, and hip must be adequately 

controlled by the lower extremity musculature in order to execute the SEBTs. Conversely, 

maintaining single-leg stance while standing on a stable platform places relatively small strength 

demands on the lower extremity musculature. Second, range-of-motion requirements are greater 

when performing dynamic tasks such as the SEBTs compared with quiet standing tasks. 

Maintaining single-leg stance while performing maximum reach with the opposite leg requires 

the stance leg to have sufficient ankle, knee, and hip motion. After LAS, joint injury resulting in 

decreased motion in the subtalar or talocrural joint may affect performance on the SEBTs. 

Finally, subject apprehension may be the most critical performance-inhibiting factor. After LAS, 

subjects may be more hesitant to perform a dynamic task that requires them to challenge their 

limits of stability. Several of our subjects with CAI reported feelings of apprehension when 

performing reaches while balancing on their injured limbs. In a balance task during quiet 

standing, apprehension may be substantially less because a subject's limits of stability are rarely 

challenged. 

 

Incorporation of the SEBTs into the clinical assessment of patients with CAI requires an 

understanding of issues related to measurement reliability and learning effects. Kinzey and 

Armstrong31 reported intrasession reliability estimates (intraclass correlation coefficient [ICC] 

2,1) between 0.67 and 0.87 for the SEBTs and recommended the performance of several practice 

trials before recording baseline values because of the motor learning associated with this novel 

task. As subjects in this study were not allowed to touch down with the foot at the point of 

maximum reach, the examiner was forced to estimate a point on the floor corresponding to 

maximum reach distance. This may have influenced the ICC values. Hertel et al32 slightly 

adjusted the procedures for these tests by allowing subjects a very brief touch down with the 

reach foot at the point of maximum reach. On a second day of testing, estimates of intratester and 

intertester reliability (ICC 2,1) for the different reach directions ranged from 0.82 to 0.96 and 

0.81 to 0.93, respectively. They suggested that at least 6 practice trials on each limb be allowed 

before any baseline values are recorded.32 

 

A secondary finding of our study was that reach distances varied substantially across the 

different directions in both limbs of the 2 groups. We chose to include reach direction in our 

statistical model because we were interested in identifying whether injured subjects reached 

significantly less than uninjured subjects in any of the specific directions. In fact, reach 

differences in the different directions were consistent across both limbs of the injured and 

uninjured groups. This suggests that the 8 directions of the SEBTs may be best used as a battery 

of tests to identify reach distances among groups. 

 

A potential criticism of this study is that we chose not to exclude subjects who had mechanical 

instability from our CAI group. In the sports medicine literature, separating individuals with CAI 

into categories of either mechanical instability or functional instability is a longstanding 

tradition6,9,24,35,37; however, empirical evidence to support this somewhat arbitrary dichotomy is 

lacking. An individual who possesses repetitive bouts of ankle instability (giving way) has 



neuromuscular deficits (the principal criterion for functional instability) regardless of the 

presence or absence of pathologic laxity (the principal criterion for mechanical instability). As 

the SEBTs are an assessment of lower extremity reach and functional performance, we chose not 

to assess subjects for mechanical instability. Because there is no satisfactory evidence to suggest 

why subjects with mechanical instability would perform differently than subjects without 

mechanical instability on tests such as the SEBTs, we chose not to exclude subjects with 

mechanical instability. 

 

A second potential criticism of this study is the possible role of subject height in influencing the 

reach distances of subjects. Preliminary data suggest that height and leg length are both 

statistically significant predictors of reach distances on the SEBTs.44 While we did not normalize 

reach distances to height or leg length in our study, we did match injured and healthy subjects for 

height as closely as possible. Independent ttests revealed no significant difference in height (P = 

.58) or leg length (P = .28) between injured and uninjured subjects. 

 

CONCLUSIONS 

 

The SEBTs appear to be a promising means of identifying functional deficits in subjects with 

CAI via measures of lower extremity reach. Given the dynamic nature of this assessment and the 

limited equipment needed, the SEBTs hold potential as a cost-effective tool for assessing 

functional deficits in a variety of lower extremity conditions. Future research should examine the 

validity of the tests in different injured populations, such as those with anterior cruciate ligament 

deficiency and patellofemoral pain syndrome. Also, comparing performance of static postural-

control tasks on a forceplate with performance on the SEBTs would allow investigation of the 

correlation between increased postural-control scores and decreased reach distance. Thirdly, 

using the tests to determine if lower extremity reach improves with rehabilitation would be 

beneficial. Finally, assessing specific range-of-motion deficits with kinematic measures would 

provide insight into the movement strategies and sources of impairment resulting in decreased 

SEBTs performance in specific populations. 
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