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Introduction: The star excursion balance test is an assessment tool used by many clinicians for many different reasons. Determining postural balance, injury assessment and rehabilitation has become commonly used to help with instability through imbalances and or injuries. Leg strength is an important aspect to physical fitness, with many individual and team sports requiring leg strength. Aims: The aim of this project is to determine whether leg strength has an influence on leg mobility when using the star excursion balance test. Methods: Thirteen participants were used, each participant attempted leg strength exercises using the leg press, leg curl and leg extension machines. Using both single legs achieving a one rep max. Three attempts of the star excursion were completed, with the best results being chosen. Results: Correlation between strength and star excursion balance was shown to have no significant different. Star excursion when correlated between eight directions on the star excursion, has shown there is a significant difference in the left leg for posterolateral direction. Conclusion: Leg strength has no influence on mobility when using the star excursion, but there is future research that is needed to determine if one direction on the star excursion has more of an influence than the modified three directional star excursion. 




[bookmark: _Toc164335369]Introduction

The star excursion has the ability to identify if athletes are at a higher risk of lower limb injuries, it has been stated that anterior asymmetry of greater than four centimetres when attempting the star excursion has been predicted to have higher risk of lower limb injuries, but for female athletes with a score of less than 94% limb length were at greater risk of injury according to Anderson (2016). 

Balance is a fundamental part of everyday movement as well as it is important for athletic performance, with the star excursion balance test (SEBT) according to Munro, A.G. and Herrington, L.C. (2010) this can be assessed for dynamic balance and challenge athletes, the clinical examination provides an injury prediction which is a low-cost alternative from more advanced laboratory assessments used in clinical settings. Participants involved are tasked with using one limb to balance while the other performs a reaching motion, this is a closed-kinetic chain which requires strength, proprioception, neuromuscular control, and adequate range of motion from the hip, knee, and ankle. The hip is important when balancing on the star excursion, when testing the star excursion, individuals have been found to have ankle instability. With that defect in the ankle, it has been found that there is weakness in individuals isometric hip strength. With weakness in the hip, it has been shown to influence the reach distance when attempting the star excursion according to McCann et al (2017).

According to Meuhlbauer, T., Gollhofer, A., and Granacher, U. (2012), understanding the relationship between postural control and lower extremity muscles can be important for identifying potential risks to individuals by means of injury or falls and can help develop training programmes for individuals who are at risk. 

The importance of strength and balance goes hand in hand, according to Meuhlbauer, T., Gollhofer, A., and Granacher, U. (2015). Both balance and muscle strength are important components of physical fitness across a lifespan to become successful in performing sports and other everyday exercises that do not cause injuries or falls. The connection between lower extremity muscles and balance is important for two reasons: first, for testing and identifying at-risk individuals, and second, to be able to implement a programme to help improve areas that are at-risk. There is a neuromuscular connection between muscle strength and balance, so performance achieved in balance can be transferred to the other component, which is lower-extremity muscle strength.

With the importance of strength and balance being hand in hand, strength on its own is a vital factor for performance in sports and the reduction in injury rates. Understanding the physiological factors that influence strength can be helpful, this is important with improving athletes’ strength by understanding what is needed for specific training methods, such as resistance training with other methods to choose from. Knowing the underlying literature of physiological needs in strength can help with the development of muscular strength, for example knowing how many sets and reps are needed according to Suchomel et al (2018).

Overuse of lower extremity injuries is common, and often people who experience lower extremity injuries seek medical treatment, where the injury has been caused by sports or exercises. According to Coughlan, G.F. et al. (2012), using both the star excursion balance test (SEBT) and the Y-balance test (YBT) requires minimal equipment and can be implemented in different settings, which can include athletic preseason screening and occupational screening. The SEBT is valid in identifying impaired anterior and posteromedial reach with chronic ankle instability, the YBT has been created so that there is no need to test all eight directions, which is less time-consuming. The 3 directions of the Y test assess the anterior, posteromedial, and posterolateral directions; both tests have been confirmed to have injury predictions, which is encouraging.

McCann et al (2017) found that common injuries such as lateral ankle sprains and common ankle instability are examples of lower extremity injuries, which can be identified using the star excursion balance test. With further research Robinson and Gribble (2008) found that athletes who suffered from these common ankle injuries needed more mobility in the hip to allow a better reach distance when attempting the star excursion. Chronic ankle instability has been widely reported as a limitation in dynamic postural control, with the star excursion being a simple clinical measure, it has been stated in every literature that mobility and neuromuscular control is important in the lower extremity. Robinson and Gribble found that greater mobility in the hip, has a greater reach in distance and the influence of hip flexion can influence ankle instability according to McCann et al (2017).

Assessing injuries using the star excursion has become a common screening tool when assessing lower extremity, 53% of athletes in college experiencing sports-related lower extremity injuries according to Stiffler et al (2015). ACL injuries are common in athletes, with ACL injuries it is known to have bilateral postural control imbalances. Using the star excursion after reconstruction has shown to have an increase improvement in dynamic balance, between the injured and uninjured side compared to healthy individuals stated by Domingues et al (2018). 

Mobility is important to all athletes when performing at the highest level possible, as for older populations it has become more of a setback to quality of life. When older adults lose mobility, many physical factors come in to place such as disabilities in walking, completing daily activities such as driving becomes difficult and unsafe. Social participation decreases and the risk factors of falling increase according to Webber, Porter and Menec (2010). This decline in mobility for older adult is common regardless of disability, diseases, and mortality, with the importance of physical activity being shown to have important health outcomes in mobility according to Buchman et al (2007). 

Strength contributing to the star excursion has been researched and experimented on by many clinicians, without postural control there cannot be balance and without balance quality of life and athletic performance can be classified as non-existent. All research that has been done to determine strength when assessing the star excursion has focused on the kinetic chain of the lower extremity, involving the core, hips, and knees, in athletes, for the elderly and healthy populations focus has been on chronic instability. There is no research on leg strength exercise machines that include leg press, leg curl and leg extension when comparing to star excursion. 
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With no literature having any research of leg strength exercises which include leg curl, leg press, and leg extension together, compared with the star excursion. More research been conducted in determining the need for strength in other areas of the kinetic chain which involve the hip and muscles surrounding the hip, and the knee, involving the elderly, healthy populations, and athletes. 

There are two balance tests that clinicians can use when assessing postural control, the star excursions and the Y-balance test. The Y-balance test has been stated by Gorman et al (2012), to be a reliable test but has potential to lead clinicians to state the Y-balance and star excursion can be interchangeable, with the data being collected from each test, when comparing the two it can be compared equally. Whereas Fullam et al (2014), states there are differences in performance score for each of the tests, and thus cannot be interchangeable when assessing dynamic balance. The Y-balance has been made from previous research which suggests that the eight directions on the star excursion balance test is redundant. It has become more time efficient when testing the use of three directions, anterior, posteromedial, and posterolateral, which creates a Y shape. Evidence from the Y-balance test in predicting injury has shown to be encouraging according to Shaffer et al (2013). 

The star excursion balance test is a test that has been used and modified to test athletic population with movement skills, this test is reported to assess dynamic balance and to challenge individuals being tested according to Munro and Herrington (2010). The star excursion balance test (SEBT) is widely used in clinical environments to assess different injuries and instability, with injuries including chronic ankle instability, anterior cruciate ligaments (ACL) injuries, with Plisky et al (2006) stating the star excursion balance test is reliable and has measures to predict lower limb injuries, with testing that determines if players are at risk of injury. Pollock (2010) has also confirmed that predictive lower limb injuries can be seen using the star excursion when examining athletic individuals. 

Dynamic postural control is a functional task without compromising the base support, it is stated by Gribble and Hertel (2003), that the advantage of testing postural control are the demands of proprioception, range of motion and strength, while trying to remain steady and upright. Dynamic balance performance has been linked with the risk of injury increasing, using the star excursion it as become popular in sports settings but has become more challenging when it is required to assess whether individuals are healthy or if individuals have balance impairments according to Reghabi, Power, and Ko (2018). 

One issue has been stated by Munro and Herrington (2010) stating the time it takes to assess is a long process, as the protocol which was used had individuals attempt 6 trials and a further 3 measured trials, as the first 1 to 6 trails were used for the individuals to practice. The more times that were practiced showed that there were better results in distance, which has then been stated to have a higher reliability score from attempts over 6 trails than if there were less attempts taken. These trials were taken between two days and have a possibility to effect results. Robinson and Gribble (2008) have stated that 4 practice trails are enough for stability to be achieved, therefore the need to reduce practice trials from 6 to 4 before taking the 3 final attempts is more beneficial. 

The cost effectiveness for the star excursion balance test is low, so this would be a good measuring tool for lower extremity. There are many different instability injuries to test, with chronic ankle instability being one of the most common ankle injuries in sport according to Olmsted et al (2002).

The reason for choosing star excursion has been to find out whether this assessment tool can help predict or identify injuries in the lower extremity. Researchers have found evidence that the screening of star excursion is sensitive with musculoskeletal impairments, which include chronic ankle instability, quadricep strength deficits and patellofemoral pain syndrome. The distances have been reported to be down on performance with these impairments when compared to a healthy participant according to Gribble and Hertel (2003). 

Reliability of the star excursion balance test has shown to be excellent, with reliability being excellent the test can be replicated for the use of clinical and scientific purposes. Although the protocol, population and test directions are different based on clinicians’ choice. Previous reliability has been compared, it has been found that when assessing in a preseason setting with athletes who were familiar with star excursion testing, it had reduced the time to complete testing. The number of practice trials has been mentioned again, with smaller groups performing four practice trials, which has shown similar or improved results compared to other studies stated by Onofrei et al (2019).

Research on reliability has been shown to be excellent, the clinical function is important to the star excursion, with range of motion, muscle strength, proprioceptive and neuromuscular skills to keep balance is required. It has been stated by Wan et al (2019), that the performance of the star excursion can be influenced, by complex physiological systems and musculoskeletal systems such as vision, somatosensory and vestibular systems impacting scores. Vision plays an important role in balance and postural control. With the importance of visuals, it has been stated that feedback on the performance can improve posterolateral directional reach on the star excursion, this has been helpful in clinical settings and with rehabilitation for athletes training to improve dynamic postural control according to Wan et al (2019).

Benefits of using the star excursion balance test is used commonly for functionally testing. With screening of the lower extremities, this can be used to monitor rehabilitation progress according to Filipa et al (2010). Ankle sprains are the most common injuries among athletes, the injuries are often not treated which results in, chronic instability and recurrent sprains. Rehabilitation programs have been created which include proprioception and postural training along with range of motion and strength training exercises, with the star excursion being a tool to reassess after the rehab programme according to Chaiwanichsiri, Lorprayoon and Noomanoch, (2005).  

Leg strength is an important determinant of functional capacity of an individual, whereas in young adult’s muscle strength is related to athletic performance, in the elderly, if there is more strength the better health and better quality of life there is according to Verdijk et al (2009). Two forms of strength assessments are generally used, the one rep maximum (1-RM) testing and dynamometry, one rep maximum tests isoinertial contraction, which is a constant weight that is lifted at voluntary speed, where dynamometry requires isometric or isokinetic contraction according to Verdijk et al (2009). 

Lack of neuromuscular control has a potential risk of knee injury according to Grayson et al (2024), with programs such as the FIFA 11, helping develop a better warm up, which has helped reduced the injury risk in lower limbs. The star excursion has been used to test neuromuscular control, these intervention programs for training have shown improvements in landing as well as dynamic balance in athletes, which is beneficial in reducing lower limb injuries. Knee injuries are very common in football athletes, including female athletes, with the invention programs suggested, there has been improvements in directions when using the star excursion afterwards. 

Ageing changes muscle mass and muscle function, therefore the importance of upper leg training is needed. Many studies have included using leg press and leg extension for training upper leg strength according to Verdijk et al (2009). Postural control decreases with age, woman aged between sixty and seventy were tested by means of single legged balance and closed eyes, which was shown to have decreased compared to younger adults. In ageing woman, it has been found that before the ages of fifty, muscle loss and decline in balance occurs. The muscles that have been identified which decline with age are quadriceps and hip strength. Somatosensory function decrease has also shown with aging according to Bouillon and Baker (2011).

Balance is important part of the star excursion, with dynamic balance being the ability to maintain the centre of mass to support a stable base while performing a task. Therefore, the star excursion has become an important tool in rehabilitation, when assessing dynamic balance, the star excursion has a reliable rating according to Bhanot et al (2018) who states when measuring, the error rate is low in assessments of healthy adults. Rehabilitation programmes focusing on neuromuscular training have shown to increase the core stability and balance leading to the reduction of injuries in athletes. For a successful performance on star excursion balance test, it is stated that a combination of dynamic balance, lower extremity flexibility, strength proprioception, coordination, and neuromuscular characteristics is needed. With the star excursion being a tool for rehabilitation it has also become a tool for improving neuromuscular control and core strength which has been highlighted to have a successful performance in star excursion balance test according to Bhanot et al (2018). 

It is mentioned in articles many times that the star excursion balance test is considered time consuming to perform, with using the star excursion as a tool for rehabilitation in a clinic setting this would be equalling time consuming. Due to the number of attempts individuals would need to complete in the eight directions. However, in recent years, three specific directions on the star excursion have been chosen to be more effective, the three directions include anterior, posteromedial, and posterolateral which is reported to have the same constructs as the remaining five directions stated by Bhanot et al (2018). 

According to Robinson and Gribble the star excursion with eight directions is redundant in healthy populations and those who have chronic ankle instability. The modified star excursion is a common suggestion due to the administration and time efficiency of the assessment. With the directions that require testing on the modified star excursion being up for debate, it is suggested that using anterior, posteromedial, and posterolateral directions are appropriate according to Jagger et al (2020). 

The least redundant directions according to Cug (2017) have been stated to be posteromedial and posterolateral, these directions have been used to simplify testing. There has been a change in foot positioning when attempting the original star excursion. The foot was originally placed towards the centre, with the distal of the toe on the zero mark at the anterior reach placement. This has been said to have an advantage in posterior reach, to decrease this advantage a different positioning of the foot was amended so that the heel of the foot was at zero in the centre of the grid, preventing alterations when reaching.  

Although there is no relation between strength and mobility for athletes and young adults, in older populations it has been suggested that if there is a preservation of muscles mass, it can be a pathway of intervention for older adults who have mobility impairments according to Reid et al. (2008). 

Therefore, to determine if all eight directions of the star excursion are affected by strength has become the topic of this research.

Aims
The aim of this research project was to determine whether strength has an influence on mobility, based on the literature in star excursion there is no new or reliable studies that have determined whether strength does have an influence. Research of the star excursion has found that the star excursion is best used in rehabilitation of acl reconstruction and as a tool in determining functional movement, and a common assessment of instability, involving the ankle, knee and hips in healthy populations or athletic populations.


Objectives
The objective of this research was to find out if the three leg strength exercise machines had an influence on the star excursion balance test. The reason in using the strength exercises was due to the directions in which the participant would reach. Would the muscles being used in the strength’s exercises, which consisted of the quadriceps and hamstrings, have an influence when reaching and balancing when attempting to complete the star excursion. 
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Participants that were involved in testing were students and lectures of the university. Participants that took part were healthy and had no injuries. Thirteen participants took part in completing leg strength tests and mobility testing by means of leg curl, leg press and leg extension machines, as well as the star excursion balance test. 
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To create the star excursion star shape, a board was needed for measurements to be marked down. Due to the board not being able to have all eight directions of the star on it, the star excursion was created with only 5 directions. The test for star excursion could still be completed, by having participants turn around when attempting to measure posterior distance. 

Strength testing was completed by using resistance machines, which involved using the leg curl, leg press and leg extension machine. 
All data collected and testing was completed on the university campus, the star excursion was completed in parry one, while the strength testing was completed in the gym studio. 
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In this section, the following information will contain data that was collected by performing and completing specific strength and balance tests. There are 3 strength tests to be completed using the participants left and right single leg; the tests include leg press, leg curl, and leg extension.

Before completing any testing, a Par Q will be completed to determine if there is any previous injury that can be a potential factor in not completing the testing. Consent is attached with the Par Q making sure each participant has consented to taking part in the data collection process. A Par Q and Consent form is attached in the appendices.

Participants will be asked to warm up by using bikes with a 6-minute timer. Once the warmup is complete, the participants can move on to the strength testing. To test each legs strength, three tests have been chosen, with three participants being tested at once. The first participant seated in the leg press machine, will complete a 1-rep max, having to complete a single leg press with the left leg and then the right leg individually.

The second participant will be on the leg curl machine, completing a 1-rep max using both left and right leg individually. The third participant will be on the leg extension, completing a 1-rep max using left leg and right leg individually.

While completing the testing with 3 participants at the same time, randomising the testing between each group of 3. Symbols showing T1 represent test 1, which is the test for leg curl; T2 is test 2, for the test of leg press; and T3 is test 3, which will be for leg extension. To randomise the testing between groups, the following sequence will be used: T1-T2-T3; T2-T3-T1; T3-T1-T2. 
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Testing participants using the star excursion board first begins with an explanation of what is required to complete a successful attempt. Explaining to each participant that the heel needs to stay on the ground when attempting to reach in the direction being ask. Hands needs to remain on hips, if there is a loss of balance, a retake will be done, touching the marker and not fully weight bearing is a successful attempt.  

Due to the board being half of a full 360-star excursion, the participants had completed 5 directions when facing the board. Once completing frontal plane directions, the participant would then turn around and complete the remaining 3 directions to complete all 8 directions on the star excursion board. 

3 attempts were taken for each participant, after every attempt a familiar and better score was achieved due to the participant being able to understand what was required.

Ethics 

No personal information has been kept or displayed when comparing and showing results of the data. Informed consent was obtained before any participant had partaken in assessments of leg strength and star excursion. Every participant was made aware of the process in which the assessment would take place and what the data being collected was intended for. All participants had the right to withdraw any data or not to take part in the data collecting process.
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Once the data had been collected, data was organised using Excel (2019) and inferential comparisons using SPSS (v.23), with alpha significance set at P < .05. Relationships between leg strength and the star excursion distance reached between the left leg and right leg were made using Pearson’s moment correlation. Similarly, relationships between the measure of the star excursion were made using the Pearson’s Moment correlation. Symmetry between legs for strength and mobility were determined using an independent t-test.
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A short summary of the data (table 1) that has been collected and compared by means of SPSS shows that there is no correlation between strength and star excursion. Strength has no effect on the mobility on star excursion and mobility has no effect on strength. Although there is a significant difference in leg curl strength it has no correlation to performance in the star excursion. Posterolateral left leg performance has shown there is a difference when compared to the other directions on the star excursion, but the right leg has no correlation when compared to the other directions. Having a good result in anterior directions has no correlations to the posterior and the direction of the standing leg.   

Table 1: Different leg measures of strength

	
	                   Leg
 Left                        Right                      
	Difference (%)
	Significance
	Difference

	Leg Curl (kg)
	31.2  10.2
	34.2  11.9
	3
	t(12)= -2.551, p= .025 d=.708
	yes

	Leg Press (kg)
	87.7  23.1
	87.7  19.6
	0
	t(12)= .000 p= 1.0 d=.000
	no

	Leg Extension (kg)
	41.2  13.4
	41.9  12.9 
	0.7
	t(12)= -.61 p= .54 d= -.171
	no




Leg curl had a 3% difference between left and right legs, as well as having a significant difference with P=0.025. Leg press and leg extension did not have a significant difference between left and right, with leg press having a 0% difference and a p=1.0, with leg extension having a 0.7% difference with P=.54.  



Star excursion measures were put into a paired T test from SPSS, comparing the eight directions in the star excursion.
	
Table 2: Different leg measures of star excursion

	
	              Leg
Left
	
Right
	Difference (%)
	Significance
	Difference

	Lateral

	80.3  10.7
	76.2  11.3
	4.1
	t(12)= 1.491, p= .162 d= 9.86
	no 

	Anterolateral

	67.1  10.1
	66.1  9.7
	1
	t(12)= .415, p= .685  d= 9.01
	no

	Anterior

	64.7  9.7
	65.8  9.6
	1
	t(12)= -1.010, p= .333  d= 4.12
	no

	Anteromedial

	63.6  10.0 
	67.7  10.2
	4.1
	t(12)= -1.220, p= .246 d= 12.05
	no

	Medial

	76.2  11.0
	79.6  10.7
	3.4
	t(12)= -.817, p= .430 d= 15.09
	no

	Postermedial

	80.2  10.3
	77.5  9.4
	2.7
	t(12)= 1.604, p= .135 d= 6.13
	no

	Posterior

	80.2  12.1
	76.4  11.5
	3.8
	t(12)= 1.887, p= .084 d= 7.20
	no

	Posteriorlateral
	77.5  12.5
	79.1  10.9
	1.6
	t(12)= -.943, p= .364  d= 5.88
	no



There is no significant difference when comparing left and right leg on all directions measured in the star excursion. 

See Appendices for full SPSS data created for Table 3a and 3b correlation. 

Table 3a: Correlation between Star excursion and leg strength right leg

	
	Curl 
	Press 
	Extension 
	Difference
	

	Lateral 
	p= .327
	p=- .162
	p= .407
	no 
	

	Anterolateral 
	p= .248
	p= -.236
	p= .381
	no 
	

	Anterior 
	p= .168 
	p= -.237
	p= .241
	no 
	

	Anteromedial 
	p= .039
	p= -.240
	p= .002
	no 
	

	Medial 
	p= .269
	p= -.005
	p= .269
	no 
	

	Posteromedial 
	p= .416
	p= -.235
	p= .368
	no 
	

	Posterior
	p= .477
	p= .052
	p= .392
	no 
	

	Posterolateral 
	p= .525
	p= -.019
	p= .546
	no 
	




There is no correlation between right leg strength and right leg star excursion. All directions compared to strength being greater than p=0.05


Table 3b: Correlation between Star excursion and leg strength left leg.

	
	Curl 
	Press 
	Extension 
	Difference 
	

	Lateral 
	p= .391
	p= -.067
	p= .370
	No 
	

	Anterolateral 
	p= .023
	p= -.066
	p= .266
	No 
	

	Anterior 
	p= .146
	p= -.081
	p= .431
	No 
	

	Anteromedial 
	p= .151
	p= .025
	p= .536
	No 
	

	Medial 
	p= .338
	p= .-050
	p= .368
	No 
	

	Posteromedial 
	p= .484
	p= -141
	p= .454
	No 
	

	Posterior
	p= .342
	p= -.052
	p= .323
	No 
	

	Posterolateral 
	p= .456
	p= -.168
	p= .423
	No 
	



Correlation of left leg strength to left leg star excursion has no correlation with every direction compared to strength being greater than p=0.05














Table 4a: Correlation of left leg star excursion 

	
	Lateral
	Anterolateral 
	Anterior
	Anteromedial
	Medial
	Posteromedial
	Posterior
	Posterolateral

	Lateral 
	/
	yes
	yes
	no
	no
	no
	no
	yes

	Anterolateral 
	yes
	/
	yes
	no
	no
	no
	no
	yes

	Anterior 
	yes
	yes
	/
	yes
	no
	no
	no
	yes

	Anteromedial 
	no
	no
	yes
	/
	yes
	no
	no
	yes

	Medial 
	no
	no
	no
	yes
	/
	no
	yes
	yes

	Posteromedial 
	yes
	no
	no
	no
	no
	/
	yes
	yes

	Posterior
	yes
	no
	no
	no
	yes
	yes
	/
	yes

	Posterolateral 
	yes
	yes
	yes
	yes
	yes
	yes
	yes
	/



In table 4a there is a correlation in star excursion for left leg posterolateral when being compared to all the directions on the star excursion. 

Table 4b: Correlation of right leg star excursion 

	
	Lateral
	Anterolateral 
	Anterior
	Anteromedial
	Medial
	Posteromedial
	Posterior
	Posterolateral

	Lateral 
	/
	yes
	yes
	no
	no
	yes
	yes
	yes

	Anterolateral 
	yes
	/
	yes
	no
	no
	yes
	no
	yes

	Anterior 
	yes
	yes
	/
	yes
	yes
	yes
	no
	yes

	Anteromedial 
	no
	no
	yes
	/
	yes
	no
	no
	no

	Medial 
	no
	no
	yes
	yes
	/
	no
	no
	no

	Posteromedial 
	yes
	yes
	yes
	no
	no
	/
	yes
	yes

	Posterior
	yes
	no
	no
	no
	no
	yes
	/
	yes

	Posterolateral 
	yes
	yes
	yes
	no
	no
	yes
	yes
	/



In table 4b there is no correlation in any of the directions for right leg on the star excursion
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The outcome of this research project found that strength has no effect on mobility when attempting a functional task. When testing leg strength, data has shown that there is a significant difference in leg curl testing for both legs, with p=.025. When comparing mobility between each leg on the star excursion, the data shows there is no significant difference. When comparing strength to mobility of the star excursion no correlation was found for either left leg or right leg. the data has shown that when standing on the left leg and using the right leg to reach, there may be good results in the forward directions on the right hand side lateral, anterolateral and anterior, but when reaching the left side, medial anteromedial, the results are not the same. When reaching with the left leg and standing on the right leg the results have shown to be similar. The same has been shown when attempting to reach backwards, posterior, the results can be good but when reaching forwards there is no significant difference.

Comparing this research project to previous studies, show there is no difference in what has been found. Strength has no impact on mobility, therefore trying to increase strength will not improve mobility performance during the star excursion balance test. The testing that was completed with the star excursion compared to other research shows that individuals had a full eight directions to attempt while the standing foot was placed in one start point, rather than having to turn around to achieve posterior directions, based on how the board has been constructed. Other research has been shown to use three directions of the Y-balance test, which due to research has been found to be the most reliable directions when attempting to use the star excursion. Although the Y-balance has been more commonly used by clinicians, research has shown that it is up to the clinicians’ discretion to choose what form of the star excursion is used to test individuals. In clinical settings or sports environment, the star excursion has become more useful in rehabilitation and a tool for prediction of injury risk.

Research has shown that the star excursion has been a common tool in rehabilitation to lower injury risk and help with instability according to Bhanot et al. (2018). To improve on star excursion, training mobility will have a better influence than trying to train strength. The kinetic chain needs to be looked at when trying to improve mobility, improvement on hip flexors have an influence on knee flexion and this can help improve the ankle. Were common defects in ankle instability have found that when improving higher up the leg, it has an influence in increasing the distance reach when attempting the star excursion balance test.

Strengths for this research project have found to be the low costs to set up and complete the required tasks needed. The star excursion balance test was affordable and easy to make, with the need of a wooden board, five measuring tapes of 100cm that stick to the board and a marker pen which was used to draw the starting point for the standing foot. How easy it was to explain and demonstrate if needed, for participants to understand and have a successful attempt at completing the star excursion.

The strength testing was easy to complete, as the machines used for leg curl, leg extension and leg press can be found in any common gym that has weight resisted machines. Having individuals who are used to the gym environment and have the understanding of how to use the equipment meant it was easier to explain what was needed when testing for leg strength and no demonstrations were needed.

One of the limitations for this research project was found to be time. When testing participants during the star excursion balance test, participants were shown a demonstration on how to stand, perform and what was needed to complete a successful attempt. During attempts participants would often be asked to reattempt a certain directional movement when deemed unsuccessful, based on protocol guides. With the number of trials needed per participant, this meant the recording of data made the process longer.   

A second limitation during the star excursion was the board one which the star shape was placed. Due to the directions placed on the board, which was only five directions, (lateral, anterolateral, anterior, anteromedial, and medial directions) this meant every participant had to change directions by completing a 180 degree turn, to be able to complete the remaining posterior directions required in the eight directional star excursion.

An unexpected finding during this research project was when putting the star excursion data into SPSS, correlations were found for left leg in the direction of posterolateral. With this data being found, this could be a potential future research project to determine if one direction of the star excursion is reliable and a better assessment then testing all eight directions. When researching lower leg strength and if it has any influence on star excursion, it has been found that there are not many studies that have conducted experiments on the strength exercise machines used in this research. With that being noted, there is potential future research in determining if strengthening the legs by means on leg press, leg curl, and leg extension will that influence all eight directions, or the single direction, posterolateral which has been found in this research.

The purpose of this project was to determine whether lower leg strength has any effect on the star excursion. Based on previous studies in star excursion and this research has shown that there is no significant difference between strength and mobility of the star excursion.

To highlight the significance of this project, it can be determined that when trying to improve mobility the star excursion can be a helpful tool for assessing before and after measurements. In rehabilitation it can be helpful to determine which muscle groups to target based on poor measurements in directions. 
The data from the star excursion has shown that if individuals score well in reaching forwards (anterior direction) it has no significant difference when reaching backwards (posterior direction), this is the same in the opposite direction, having a good reach backwards (posterior) has no effect when attempting to reach forward (anterior).
The significance of this study has shown similar results to other studies when comparing strength and mobility. There is no significant difference. 

There is potential to do further research on star excursion alone, data has been found when finding any correlation between the eight directions of the star excursion. One direction has an interesting result having a significant difference in the direction posterolateral when compared to the remaining directions. Posterolateral direction can be compared to a more modified star excursion.

The modified star excursion balance test which has become more commonly used by clinicians, based on the assessment of three directions rather than all eight. This modified assessment can be used in future research to determine whether the results of table 4a using one direction on the star excursion is better for mobility, then assessing three directions on the modified star excursion. 






[bookmark: _Toc164335379]Conclusion

This project was to determine whether leg strength has any impact on mobility when using the star excursion balance test. It was found that leg strength has no impact on mobility. There is no difference when comparing maximal one rep max on each leg when preforming leg strength exercises to the star excursion. But there is potential for future research in determining if one direction of the star excursion, posterolateral range can be more reliable. Comparing this direction to the modified star excursion also known as the y-balance could have better outcomes, this could mean using one direction on the star excursion rather than three directions which has been commonly used in assessing injuries, rehabilitation and mobility in athletes and general population. Future research is needed to determine if mobility training to influence posterolateral directions have an influence on the star excursion, so that the comparison to the y-balance test can be made.
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Appendices 


Table 3a correlation of right leg strength and star excursion
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Table 3b correlation of left leg strength and star excursion
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PAR-Q and Informed Consent Form
	Personal details

	First Name
	

	Last Name
	

	Student Number
	

	Course
	

	Year
	

	Please answer the following questions fully and truthfully as it may affect your safety whilst exercising
	YES
	NO

	Has a doctor told you that you have a heart condition AND must seek medical advice before participating in regular exercise?
	
	

	Do you feel a pain in your chest when you perform physical activity?
	
	

	Have you ever had a chest pain when not doing physical activity?
	
	

	Do you lose your balance due to dizziness or do you ever lose consciousness?
	
	

	Do you have a bone or joint condition that could be made worse through physical activity?
	
	

	Are you currently taking any medication for a heart problem?
	
	

	Do you take any other medications on a regular basis?
	
	

	Have you had recent surgery?
	
	

	Do you have any chronic health conditions such as asthma, diabetes?
	
	

	Women Only: Are you pregnant or have you given birth in the last 6months?
	
	


If you have answered YES to any of these then please give details below:
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
If you have answered YES to one or more of these questions, then it would be advisable to talk to your doctor before starting exercise. Please comment below if you have any further information regarding your health, physical or otherwise, that has not been covered by the above questions [i.e., past, or present injuries]:
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Declaration, Terms & Conditions
I have read, understood, and completed this questionnaire to the best of my knowledge and can confirm that the information I have provided is correct. I understand that I am expected to participate in physical activity and exercise as this is a necessary element of the degree.  This may include exercise to exhaustion and maximal efforts.  I am aware that participation in these activities involves the risk of injury.  I agree to work within the guidelines of the laboratory and the parameter of any test protocol when present in the laboratory. I understand that unacceptable or dangerous behaviour may result in my removal from the facilities.  I agree to inform a member of staff in the event of any change to either my personal or medical details.
Signature___________________________________  Date_________________________

1

1
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Correlations

Posteromedial
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Posterolateral
L

Curll  PressL  Extensionl Laterall Anterolaterall AnteriorL Anteromediall Mediall PosteriorL
Curll Pearson Correlation 1 522 7797 391 .023 146 151 338 484 342 456
Sig. (2-tailed) .067 .002 .187 .941 634 623 .259 .094 .252 117
N 13 13 13 13 13 13 13 13 13 13 13
PressL Pearson Correlation 522 1 573" -.067 -.066  -.081 025 -.050 -.141 -.052 -.168
Sig. (2-tailed) .067 041 .827 .829 792 937 .870 .646 .865 584
N 13 13 13 13 13 13 13 13 13 13 13
Extensionl Pearson Correlation 779" 573 1 370 .266 431 .536 .368 454 323 423
Sig. (2-tailed) .002 .041 213 379 141 .059 216 .119 .282 .150
N 13 13 13 13 13 13 13 13 13 13 13
Laterall Pearson Correlation 391 -.067 370 1 8107 7357 385 .445 .466 542 737"
Sig. (2-tailed) .187 .827 213 <.001 .004 .195 127 .109 .055 .004
N 13 13 13 13 13 13 13 13 13 13 13
Anterolaterall  Pearson Correlation 023 -.066 266 810" 1 892" 521 241 294 409 573
Sig. (2-tailed) .941 .829 379 <.001 <.001 .068 428 330 .165 .041
N 13 13 13 13 13 13 13 13 13 13 13
AnteriorL Pearson Correlation .146 -.081 431 7357 892" 1 811" .502 512 547 730"
Sig. (2-tailed) 634 792 141 .004 <.001 <.001 .080 .073 .053 .005
N 13 13 13 13 13 13 13 13 13 13 13
AnteromedialL  Pearson Correlation .151 .025 536 385 521 8117 1 659" .380 372 581"
Sig. (2-tailed) 623 .937 .059 .195 068 <.001 014 .201 211 .037
N 13 13 13 13 13 13 13 13 13 13 13
Mediall Pearson Correlation 338 -.050 368 445 241 .502 659" 1 .496 596 673"
Sig. (2-tailed) 259 .870 216 127 428 .080 014 .085 .031 012
N 13 13 13 13 13 13 13 13 13 13 13
Posteromediall. Pearson Correlation 484 -.141 454 .466 294 512 380 496 1 887" 831"
Sig. (2-tailed) 094 646 119 .109 330 .073 201 .085 <.001 <.001
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Posteriorl Pearson Correlation 342 -.052 323 542 .409 547 372 596 887" 1 808"
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PosterolateralL Pearson Correlation 456 -.168 423 737" 573" 730" 581" 673 8317 808" 1
Sig. (2-tailed) 117 584 .150 .004 .041 .005 037 012 <001 <.001
N 13 13 13 13 13 13 13 13 13 13 13

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Sig. (2-tailed) .899 429 .996 384 .170 .002 .009 .160 .719 .265

N 13 13 13 13 13 13 13 13 13 13 13

MedialR Pearson Correlation .269 -.005 -269 .253 288 774" 691" 1 398 -180 511

Sig. (2-tailed) 374 .988 375 .404 339 .002 .009 177 .556 074

N 13 13 13 13 13 13 13 13 13 13 13

PosteromedialR Pearson Correlation 416 -.235 368 .668" 674 664 414 398 1 7218 905"

Sig. (2-tailed) 157 439 217 .013 012 013 .160 177 .005 <.001

N 13 13 13 13 13 13 13 13 13 13 13

PosteriorR Pearson Correlation .477 .052 392 612 .493 .348 -.110 .180 7215 1 861"

Sig. (2-tailed) .099 .865 .185 .026 .087 244 719 556 .005 <.001
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*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).




