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Effect of visual feedback on the
performance of the star excursion
balance test

Yi Wan1 , Jennifer L Davies1,2, Kate Button1,2 and Mohammad Al-Amri1,2

Abstract

Introduction: Visual feedback is an effective method to enhance postural and balance control in clinical and sports

training. The aim of this study was to explore the effect of real-time visual feedback provided by a video camera on the

performance of a dynamic balance test, which is the star excursion balance test in healthy subjects.

Methods: We compared the performance of the star excursion balance test using the maximum reach distance in

20 healthy participants (10 male and 10 female, 26.8� 3.7 years) under two conditions: without feedback and whilst they

viewed their movements in real-time on a screen in front of them via a video camera.

Results: The results showed that real-time visual feedback had a significant effect on maximum reach distance of the star

excursion balance test in the posterolateral direction (P< 0.001). There was a non-significant increase in the maximum
reach distance in the anterior and posteromedial directions.

Conclusion: The result indicates that the real-time visual feedback appears to be an effective means for improving the

performance of the star excursion balance test in the posterolateral direction, and may be a promising tool for clinical

rehabilitation and athlete training to enhance dynamic postural control.
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Introduction

The star excursion balance test (SEBT) is an important

clinical functional performance test requiring adequate

range of motion, muscle strength and proprioceptive

and neuromuscular adjustments to keep balance.1 It is

being used to identify postural and balance control

deficiencies related to lower-limb pathology, detect

improvements in balance rehabilitation, predict lower-

limb injury and train both patients and healthy people.2

Its reliability and validity as a convenient and inexpen-

sive clinical approach for dynamic postural control

have been evaluated in clinical and research settings.3

However, the performance of the SEBT can be influ-

enced by complex physiological systems in addition to

the musculoskeletal system, such as vision, somatosen-

sory and vestibular systems, which provide information

on body sway and adjustments for corrective anticipa-

tory postural behaviours.4 Vision plays an important

role in postural and balance control as it provides

unmatched, accurate and sophisticated information at

the right time and a location that cannot be matched by

other sensory modalities.5 Visual feedback is a method

using optical illusion to adjust and improve the motor

strategy and movement,6 which is originally used as

mirror therapy to rehabilitate paralysed limbs using

the reflection of the movement of the non-paralysed

limb.7 Visual feedback enhances the training effect by

compensating for the loss of somatosensory function

after injury and enhances motor process in the brain;

Journal of Rehabilitation and Assistive

Technologies Engineering

Volume 6: 1–5

! The Author(s) 2019

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/2055668319862139

journals.sagepub.com/home/jrt

1School of Healthcare Sciences, College of Biomedical and Life Sciences,

Cardiff University, Cardiff, UK
2Biomechanics and Bioengineering Centre Versus Arthritis, Cardiff

University, Cardiff, UK

Corresponding author:

Yi Wan, Cardiff University, Heath Park Campus, Cardiff, Wales CF14

4XN, UK.

Email:wanyi613@qq.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License (http://

www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission provided the

original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).



thus it facilitates postural control and the effectiveness

of the treatment.8

Real-time visual feedback provides immediate and

continuous feedback that can be used to correct move-

ments during a motor task. It can be used to improve

dynamic balance control and avoid falls and mistakes

by influencing force production, accuracy and balance

control.9,10 The combination of the SEBT and real-time

visual feedback may have a beneficial effect on dynamic

postural control. However, to the authors’ knowledge,

previous studies on the effect of visual feedback have

mostly used stance, walking and upper-limb functional

tasks,6,11,12 and there is no literature evaluating the

effect of real-time visual feedback provided by a video

camera on the SEBT. Thus, exploring the use of a video

camera as a means of providing visual feedback on the

SEBT among able-bodied adults can provide a refer-

ence for clinical training and effective interventions for

people with dynamic postural control problems. If real-

time visual feedback improved the performance of the

SEBT, it could be used with patients undergoing

rehabilitation to increase the challenge placed on the

motor system during the dynamic balance task in a

safe and effective way.

The aim of the study was to quantify the perform-

ance of the SEBT with and without visual feedback. If

the results showed significant improvements in the per-

formance of the SEBT with visual feedback, this would

support the use of this tool in clinical rehabilitation and

athlete training to enhance the use of the SEBT for

training dynamic postural control.

Methodology

Participants

A convenience sample of 20 healthy participants

(10 male and 10 female) was recruited from Cardiff

University to perform the SEBT under two conditions

after providing written informed consent. All partici-

pants were physiotherapists who were familiar with

the SEBT. Ethical approval was granted by the

School of Healthcare Sciences Research Ethics

Committee. The inclusion criteria were aged between

18 and 60 years, no history of neuromuscular diseases,

and normal or corrected-to-normal vision. The exclu-

sion criteria were musculoskeletal injury or other con-

dition that may affect posture or balance control.

Procedure

After providing consent, participants were asked to

perform a 5min warm-up on a bicycle ergometer.

After completing the warm-up, they were instructed

to practice three SEBT trials in each direction to famil-

iarise themselves with the procedure and to reduce the

learning effect. The dominant limb was determined by

asking the participants which leg they preferred to kick

a ball with. The leg used to kick a ball has high con-

sistency with the dominant leg in bilateral mobilising

task, and it is also the dominant leg in a unilateral

dynamic balance task.13 The dominant leg was used

as the stance leg for all subsequent SEBT trials. To

perform the SEBT, participants were instructed to put

their arms on their waist and to reach the non-domi-

nant leg as far as possible along the anterior, poster-

olateral and posteromedial direction lines indicated by

red tape on the floor, while keeping the dominant foot

on the floor (see Figure 1). The posterolateral direction

was to the side of the leg performing the task (i.e. reach-

ing backwards and right if the right leg was performing

the task), and the posteromedial direction was to the

side of the stance leg (i.e. reaching backwards and left if

the right leg was performing the task). The process of

the SEBT was in the sequence of anterior, posterolat-

eral and then posteromedial. This order was designed

such that the degree of difficulty gradually increased

(i.e., the task in anterior direction is easier than that

in the posterolateral and posteromedial directions,

and posterolateral is easier than posteromedial).3 This

sequence was chosen because it replicates the way the

SEBT is performed in clinic and thus increases the

external validity of the results.14 The interval between

subsequent trials was at least 1 min.

During the trials, participants were instructed to per-

form the SEBT without visual feedback first, and then

to perform the SEBT with visual feedback. This order

was chosen in order to minimise the influence of the

learning effect on performing the SEBT with visual

feedback. This is because participants might learn to

adjust the movement strategy to enhance the perform-

ance through the feedback on the screen. In no-feed-

back condition, they could look at their feet to follow

the direction lines indicated on the floor (Figure 1(b) to

(d)). Then they were given a 2min rest prior to perform-

ing the SEBT with visual feedback. In the visual feed-

back condition, they were able to view their lower-limb

movements in real time on a screen located in front of

them (Figure 1(e) to (g)). In both conditions, partici-

pants were instructed to reach the maximum excursion

and then touch the tape lightly with the foot so as not

to aid balance, before returning to their initial upright

posture. The point at which the participant touched the

tape was considered as the maximum reach distance

(MRD). MRD was recorded manually using a measur-

ing tape, and all data were recorded to the nearest

2 Journal of Rehabilitation and Assistive Technologies Engineering



centimetre. MRD requires a combination of postural

and balance control, related muscle strength, and range

of motion of the stance limb.2 Therefore, it is associated

with dynamic postural control of the stance limb, and

thus was considered as the primary outcome of this

study.

Data analysis

Data were analysed using Statistical Package for the

Social Sciences (SPSS, software version 23, IBM

Corporation). Demographic information (age, gender,

height and weight) was quantified using descriptive

statistics to evaluate the heterogeneity of the sample

and inform the generalisability of the results. The aver-

age MRD in each direction was calculated for each

condition, and used for statistical analysis. According

to the Shapiro–Wilk test (P> 0.05), MRD was

Figure 1. Setup of the SEBT and a participant performing the test. (a) Upright posture; (b) anterior without visual feedback;

(c) posterolateral without visual feedback; (d) posteromedial without visual feedback; (e) anterior with visual feedback;

(f) posterolateral with visual feedback; (g) posteromedial with visual feedback.

Figure 2. Average maximum reach distance (MRD) in each

of the three directions under two conditions. AL: MRD in the

anterior direction; PL: MRD in the posterolateral direction;

PM: MRD in the posteromedial direction.

Wan et al. 3



normally distributed for each of the three directions in

each of the two conditions, and a repeated-measures

ANOVA was therefore used to detect any effects of

independent variables. Post-hoc comparisons were per-

formed using paired t-tests with Bonferroni correction

for multiple comparisons to explore significant main

effects. Significance was defined as a probability level

of P� 0.05.

Results

Twenty healthy participants (age: 26.8� 3.7 years;

mass: 70.4� 19.0 kg; height: 170.2� 9.8 cm; gender:

10 male and 10 female) took part in the study.

Fifteen participants used the left leg as their standing

leg, and five participants used the right leg.

In the posterolateral direction, MRD with visual

feedback was significantly larger (F¼ 34.969,

P< 0.001) than that without visual feedback. There

was no significant difference in MRD between the

two feedback conditions in the anterior and posterome-

dial directions (F¼ 0.412 and 0.439, P¼ 0.528 and

0.515, respectively) (Figure 2).

Discussion and conclusion

Real-time visual feedback significantly improved the

performance of the SEBT in the posterolateral direc-

tion, but not the anterior or posteromedial directions.

The findings of this study are in line with previous

research, which reported that real-time visual feedback

provided by a video camera improved the movement of

the upper limb by enhancing the activation of the

related muscles.15 Real-time visual feedback encourages

people to pay more attention to the execution of the

task, and enables physical self-control through continu-

ous visual information.15 The current study demon-

strated a significant influence of visual feedback on

the performance of the SEBT in the posterolateral

direction. This has potential benefits for postural and

balance control for healthy people.5 This was evident

by a positive effect of visual feedback on MRD in all

directions, although it was not significant in the anter-

ior and posteromedial directions. In the anterior direc-

tion, participants had almost the same view in both

visual feedback conditions, and this may have resulted

in the lack of any significant effect. The greater diffi-

culty of the task in the posteromedial direction might

have precluded any effects of the visual feedback.2 The

lack of significant effects in the anterior and postero-

medial directions might also be due to the small sample

size and the fact that all participants were physiother-

apists who were familiar with the SEBT. Therefore,

future work should increase the sample size and recruit

a more diverse cohort of participants. The learning

effect in this study was minimised by the performance

of practice trials before the experiment.

The current study is, to our knowledge, the first

study to explore the effect of visual feedback provided

by a video camera on the performance of the SEBT.

The results can inform future clinical research of using

real-time visual feedback combined with the SEBT to

improve posture and balance control. Further work

should consider whether the addition of real-time

visual feedback to the SEBT can help identify and

treat patients with lower-extremity injuries and other

neuromuscular diseases, and thus improve rehabilita-

tion. People with balance problems may have lower

MRD than healthy people, and perhaps greater differ-

ence in MRD of the left and right than healthy people,

and the SEBT performed with real-time visual feedback

may be useful for identifying deficiency at an

early stage. As for treatment, performing the SEBT

with visual feedback may reduce the risk of falls

and help patients correct and enhance the postural con-

trol behaviours. By comparing movements of the left

and right legs on the screen in front of them, patients

may notice the difference and weakness of the affected

leg, which might trigger re-learning and implementa-

tion of a compensation strategy to improve balance

control. However, in this study, we only considered

the SEBT performed with the dominant leg as

the stance leg. Some people might use their non-

dominant leg as the stance leg for unilateral balance

tasks, and future studies are needed to determine if

our results are replicated when the non-dominant leg

is the stance leg.

In conclusion, our results indicate that real-time

visual feedback can improve the performance of the

SEBT in the posterolateral direction in healthy individ-

uals. This supports the use of real-time visual feedback

of the SEBT in clinical rehabilitation of patient popu-

lations and in athletic training that aims to enhance

dynamic postural control. This training is easy to rep-

licate in the home using a video camera on a tablet or

phone. The visual feedback may enable people to notice

and adjust their motor strategy during the dynamic bal-

ance task.
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