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Abstract 
Introduction: Dynamic balance is crucial in every sport and any sort of physical activity in day-to-day life. It allows the body to react to any changes in posture that occur and remain in control whilst staying stable and standing during movement or action. Several factors influence dynamic balance, and ankle range of movement, dorsiflexion, in particular, is a known factor that can significantly influence it. Measuring passive and active ankle range of movement (dorsiflexion and plantarflexion), and dynamic balance/postural control (star excursion balance test) will allow an understanding to be established of whether poor dynamic balance is associated with poor range of movement. In this study, Maitland mobilisations were used to target dorsiflexion and plantarflexion,  this intervention has been proven to be able to increase the two selected ranges. The predicted findings from this study were that all ranges of movement would be increased, and SEBT reach distance would increase as a result of the improvement in range. 
Method: To measure passive dorsiflexion of the ankle the knee-to-wall test was conducted. Active dorsiflexion, active and passive plantarflexion were measured using a goniometer. The Star Excursion test was completed to measure dynamic postural control/ balance.
 Results: Symmetry was found between the left and right leg in all ranges. No significant difference was found (p˃ .05) Both active and passive dorsiflexion and plantarflexion ranges significantly increased (p˂ .05) after the application of mobilisation. A high significant difference (p˂.001) was reported in all directions of the SEBT for both mobilisations applied, other than in the anterior direction which had no significant difference (p˃ .05) in results post mobilisation. 
Conclusion: Maitland mobilisations increase ankle range of movement. The increase in the range of movement has a positive effect on the SEBT and creates a significant increase in all directions other than the anterior direction.







1. Introduction
Dynamic balance and postural control are crucial in every sport and any sort of physical activity in day-to-day life. It allows the body to react to any changes in posture that occur and remain in control whilst staying stable and standing during movement or action. Poor dynamic balance can lead to injury as it impacts reactions, therefore fall prevention is at risk with poor dynamic balance (Neptun and Vistamehr, 2019). Several factors influence dynamic balance, postural control, and ankle range of movement, dorsiflexion, in particular, is a known factor that can significantly influence it (Hoch, Staton, and McKeon, 2011). However, there is not much current research proving that poor ankle range of movement can cause poor dynamic balance, which is one of the many reasons behind implementing this study. 
Measuring passive and active ankle range of movement (dorsiflexion and plantarflexion), and dynamic balance/postural control (star excursion balance test) will allow an understanding to be established of whether poor dynamic balance is associated with poor range of movement. From the limited research, several studies have shown a link between the two. A study by Vallandingham, Gaven, and Poweden (2019) stated that limitations and restrictions in the ankle range of movement can affect the lower extremity kinetic chain. It can affect the lower extremities in dynamic postural control tasks,  and functional tasks. Given that recent research has shown a link between the two variables, this study will determine if improving selected ranges will improve dynamic postural control in the SEBT by increasing distance reach. Several interventions can be put in place to improve ankle range of movement. For example, passive physiological movements, stretching, mobilizations, and other interventions. 
 In this study, talocrural Maitland mobilisations were used to target dorsiflexion and plantarflexion,  this intervention has been proven to be able to increase the two selected ranges (Shabbir et al., 2021).  Maitland mobilisations are used to target mechanical pain and stiffness which in turn will impact the range of movement, making it pain-free or creating more range. This type of manual therapy aims to reestablish the rolling, gliding, and spinning motions of two joints ( Li et al., 2022). Maitland Mobilisations can be applied at four different gradings, grades I and II are used to target pain, and grades III and IV are used to target range restrictions (Yang and Huang, 2023). This type of mobilisation follows the concave/convex rule, where the direction of movement will go in the opposite direction when a convex surface moves on a concave surface. When the concave surface moves on the convex surface the roll and glide will happen in the same direction (Teixeria et al., 2013) to the glide. Several types of Maitland mobilisations can be used on the spine and the peripheral extremities. The implementation of an anterior-to-posterior (a/p) mobilisation of the talus is used to improve dorsiflexion (Marron-Gomez, Rodriguez-Fernandez, and Martin-Arrialde, 2015). The opposite, a posterior to anterior (p/a) is used to increase plantarflexion. Current research has proven that these mobilisations have increased the targetted ranges of movement. A study by  Yang and Huang (2023) found that the application of an a/p mobilisation significantly increases the dorsiflexion range (p ˂.05). Given that many factors influence dynamic balance, dorsiflexion, and plantarflexion are factors that can be manipulated by therapists to potentially aid in the improvement of dynamic balance, which will further decrease the risk of lower limb injury and aid in fall prevention.
Due to previous research, although limited a relationship between ankle range of movement and dynamic balance is expected to be seen from this study. The predicted findings from this study were that all ranges of movement would be increased, and SEBT reach distance would increase as a result of the improvement in range.  It is identified in research that the improvements in the range of movement created by the mobilisations applied are more than likely one of the main attributes of the increase in reach distance in the star excursion test using the chosen intervention will improve dynamic balance testing scores. 
The study aimed to see anywhere up to a 5% increase in both dorsiflexion and plantarflexion measurements and dynamic balance scores (SEBT). It is believed that participants may benefit psychologically as well as physically from the intervention treatment as they will potentially be more motivated and have more belief in their abilities. Any medical practitioners will benefit from the research from this study as they will be able to implement it if they deem it necessary. It will add to the credibility of already published research and aid in further research in the future.







2. Literature Review
2.1 Relationship Between Ankle ROM and Dynamic Postural Control 
Although limited, few studies have investigated the relationship between ankle range of movement and dynamic postural control/ balance. The ankle supports the body weight and the ability to distribute it during exercise, and everyday life whilst keeping postural control. For example, a study stated that during the SEBT the ankle joint transitions from an open to a closed packed position as the ankle moves from a plantarflexed position to a dorsiflexed position due to the tibia anteriorly tilting on the planted foot (Karagiannakis, Iatridon, and Mandalidis, 2020) Lack of dorsiflexion and plantarflexion causes restrictions in this transition period. This creates a domino effect on the SEBT causing a restriction in reach, ultimately lowering distance scores (Karagiannakis, Iatridon, and Madalidis, 2020). The ankle joint plays a crucial role in postural control/balance in unipedal and bipedal activities. A restriction in range and the transition from open to closed packed positioning would have a negative impact on balance and dynamic postural control (Karagiannakis, Iatridon, and Madalidis, 2020).
2.2 Effect of Maitland Mobilisations
Maitland mobilisations, specifically talocrural mobilisations of the ankle which were used in this study have shown efficacy in improving the ankle range of movement, especially dorsiflexion (Vallandingham, Gaven, and Powden, 2019). Even though there are studies that show evidence of the positive effect of mobilisation it is rather limited, especially in regards to p/a mobilisations that are stated to improve plantarflexion. Based on the range of movement only, an increase was seen in the dorsiflexion range of movement post a/p mobilisation with a moderate significance (p˂.05). Plantarflexion also increased post p/a talus mobilisation with a moderate significance (p˂ .05) (Li, Yang and Huang, 2023). It is also stated that after an application of the a/p mobilisation for 1 minute an increase of 3.5˚ in dorsiflexion was reported (Green et al., 2001). A high significant increase (p˂ .001) was seen in both passive and active dorsiflexion post a/p mobilisation in asymptomatic participants like the participants in this study. (Holland, Campbell, and Hutt, 2015). The same study noted a 2˚ increase in active dorsiflexion (Holland, Campbell, and Hutt, 2015). However, a study by  Yeo and Wright (2011) noted a 3.5˚ increase in active dorsiflexion. Both studies demonstrate that the mobilisation was effective at increasing the range of movement. 
Hoch et al, (2012) found following an a/p mobilisation intervention on the talus a significant increase in dorsiflexion range, proving the positive effect mobilisations have on ROM. In the same study, SEBT has also measured pre and post-a/p mobilisation intervention. Post a/p mobilisation a significant increase was found in the anterior, posteromedial, and posterolateral directional reach (Hoch et al., 2012). This study determined that the identified improvement in the range of movement due to the effect of mobilisation was the main attribute that caused the increase in reach distance in the SEBT (Hoch et al., 2012). It is important to note this study was conducted on participants with chronic ankle instability, not healthy individuals. Therefore, their range of movement and postural control would be poorer than the participants in this study to begin. 
However, it is important to note that other investigators have determined that other factors such as hip and knee flexion can influence reach distance in the posteromedial and posterolateral direction (Hoch et al., 2012). Therefore, the increase in reach distance reported, may not be caused fully due to the application of mobilisation and the increase in ankle range of movement.
The application of a/p mobilisation was used in a study by Holland, Hughes, and De Ste Croix, (2020). In the said study it was reported that a large significant improvement (p˂ .001) was found in the SEBT post mobilisation in the anterior direction reach. A moderate significance was also found (p˂ .05) in the posteromedial direction reach. It was determined that a duration of 60 to 120 seconds of mobilisation application saw greater improvement over other time frames (Holland, Hughes, and De Ste Croix, 2020). However, applications between 30 to 60 seconds also reported improvements in those directions but with low significance. 
2.3 Theory Behind Maitland Mobilisations
The theory behind the effects of mobilisations is reported as their ability to increase the extensibility of noncontractile tissues and increase the extensibility of the joint structures, creating an improvement in the range available. Mobilisations affect dynamic postural control/ balance by stimulating mechanoreceptors of the joints, which creates improvement in the transmissions of the afferent information to the central nervous system (Holland, Hughes, and De Ste Croix, 2020). They improve proprioception information transmissions, proprioceptive feedback, the movement speed of joints, direction changes, muscle tension/ changes in tension, and resting positions (Li, Yang, and Huang, 2023).
 To target the range of movement a grade III or IV should be applied. Grade IV works at the end of the available range to produce a micro failure of the connective tissue which is restricting the range available. Stress is accommodated within the connective tissue in a way that is described by Hooks Law and the stress-strain curve. A proportional relationship exists between the stress applied and the deformation of an elastic structure (Holland, Hughes, and De Ste Croix, 2020). When a grade IV mobilisation is applied the tissues move beyond the elastic phase to its yield point and into the plastic phase. In the plastic phase, permanent elongation of the tissue occurs due to deformation and failure of the collagen forces (Holland, Hughes, and De Ste Croix, 2020). This can occur due to accumulated stress, which may explain the range of movement improvement being larger after a longer duration of mobilisations (60-120s) (Holland, Hughes, and De Ste Croix, 2020).  Garde IV Maitland mobilisations are claimed to produce greater mean force and increased plastic deformation than grade III (Holland, Campbell, and Hutt, 2015).












3. Methods
3.1 Data Collection Schedule 
Data collection ran across two days with a week between the two. On these days participants were asked to not engage in any physical activity and not to act or do anything different to their normal daily routine. Day one data collection concentrated on dorsiflexion. The day began with taking pre-intervention results, measuring active and passive dorsiflexion as well as a star excursion baseline score. Both legs were tested. In total four practitioners were aiding in the data collection. Two ran the dorsiflexion range of movement testing and two ran the star excursion testing. 
 The application of the mobilisations was completed by the same two practitioners that ran the range of movement testing. Both practitioners practiced the mobilisation technique together several times before applying it to participants to ensure the technique was the same. The dorsiflexion range of movement and star excursion test were re-tested post-intervention by the same practitioners who completed the pre-intervention testing. The second day of data collection focused on the plantarflexion range of movement, it was conducted precisely the same as day one following the same order and practitioners stuck to the same roles on both days.  
3.2 Participant Criteria 
The subject group for testing originally consisted of 12 recreational athletes. All participants were between the ages of 18 and 40. Participants were not chosen specifically based on their gender. The equipment used was checked to make sure it was clean and safe for use. The testing protocols and processes were explained to all participants and any questions were answered. The subject group was made aware that they could drop out of testing at any point, that they would not be negatively impacted in any way by this study, and that their identity would remain anonymous. Informed consent was gathered from all taking part. Testing and intervention implementation were covered over a period of two days. Dorsiflexion testing and intervention application was delivered and completed on the first day and plantar flexion testing and intervention application on the second day. There was a week period between the two testing days to ensure the effects of the intervention had worn off before the second day of data collection. 

[bookmark: _Hlk152146385]3.3 Passive Dorsiflexion Range of Movement Measurements
To measure passive dorsiflexion of the ankle the knee-to-wall test was conducted. This test was used pre- and post-anterior to posterior mobilization intervention to measure the difference in passive dorsiflexion. Equipment used for the test was a flat/ even wall and a standard measuring tape (cm). Participants were asked to keep their big toes and heels aligned with the measuring tape placed on the floor. A repeated lunge was performed by the participants, to touch their knees to the wall (Konor et al., 2012). Participants progressed their lunges by moving away from the wall 1cm each time until they were unable to contact their knee with the wall (Godhino et al., 2019). The distance of the participants' toes from the wall, whilst their knee was in contact with the wall was recorded. The participants attempted the test three times on both legs, their results were recorded, and an average score was taken.  
The participants received a demonstration of the test before undertaking it. An explanation of failure criteria was delivered before the trial attempts. The failure criteria included (a) if the participant's heel and toe were not in line with the measuring tape, (b) if participants failed to contact their knee to the wall, (c) if the heel was raised from the floor (Konor et al., 2012).
3.4 Active Dorsiflexion Range of Movement Measurements
This form of measurement was repeated three times, and an average measurement was taken. Both practitioners administering this test practiced taking the measurements and getting the goniometer placement correct. Active dorsiflexion was measured with participants in a supine position. Participants were asked to bring their toes towards themselves as far as they could. The range of movement was measured using a goniometer. The axis of the goniometer was placed 15mm inferior to the lateral malleolus (Wilken et al., 2011). The static arm was placed parallel to the fibula and the dynamic arm was placed parallel to the long axis of the fifth metatarsal (Wilken et al., 2011). Active and Passive Plantarflexion The degrees of the angle shown on the goniometer when participants' end of range was achieved were recorded before data collection. 
3.5 Active and Passive Plantarflexion Range of Movement Measurements
Active plantarflexion was measured with participants in a supine position. Participants were asked to point their toes toward the floor as far as they could. The range of movement was measured using a goniometer. The axis of the goniometer was placed 15mm inferior to the lateral malleolus (Wilken et al., 2011). The static arm was placed parallel to the fibula and the dynamic arm was placed parallel to the long axis of the fifth metatarsal (Wilken et al., 2011). Active and Passive Plantarflexion The degrees of the angle shown on the goniometer when participants' end of range was achieved were recorded. The same test was repeated for the passive range, but the practitioner took them through the range and applied a passive overpressure at the end. 
[bookmark: _Hlk152147537]3.6 Star Excursion Balance Test 
The Star Excursion test was completed on a board with the directions made using a measuring tape. Four lines were created on the board, two vertical and horizontal lines and two positioned perpendicular to each other and at 45 degrees (Kinzey and Armstrong, 1998). The participants were asked to remove both shoes and socks. The most distal aspect of the participants' great toe of their stance foot was placed at 0cm throughout the test (Picot et al., 2021). The non-stance leg, known as the reach leg, was used to reach as far as the participant could in each direction. A standard 120 cm measuring tape was used, to measure the distance reached. The test was repeated 3 times, and all data was recorded to find the average score achieved in each direction.
The participants received a demonstration of the test before undertaking it. They also, part took in 3 trial attempts to familiarise themselves with the test and protocols to avoid poor tests and confusion during the three attempts when results were recorded. An explanation of failure criteria was delivered before the trial attempts. The failure criteria included; (a) Participants losing balance and their reaching foot touching the floor, (b) if the stance foot raises from the floor or moves from the original position, (c) if participants shift their weight when connecting with the floor with their reaching limb, miss the measuring tape, or touch the tape more than once, (d) if their hands were removed from their hips (Picot et al., 2021). If participants met any of the listed criteria, the attempt in that direction was discounted, and they had to repeat the attempt.  
[bookmark: _Hlk152147881]3.7 Maitland’s Mobilisation Intervention
Participants were in a prone position on the medical bed, with their ankles off the bed. A full anterior-to-posterior glide on the talus was performed on the first day of data collection. This mobilisation was used to target the dorsiflexion range of movement.  Treatment of this mobilization was repeated for 3 sets for a minute each time. A 30-second rest was given between each set applied. The mobilizations were applied separately on different days.
The participants received the second mobilisation, a posterior to anterior glide on the talus to target the plantar flexion range of movement exactly a week after their first data collection day. On the medical bed, the participants were asked to lay in a supine position with their ankles off the bed. The protocol for this mobilisation matches the protocol of anterior-to-posterior mobilisation. It was repeated for 3 sets for a minute and a half each time. A 30-second rest was given between each set applied.
3.8 Data Analysis 
Quantitative data was collected in this study. All data collected was imported into SPSS software. The range of movement was compared before between the right and left leg to assess for symmetry. An Independent T-test was completed. A paired T-test was completed for each direction of the star excursion test, the baseline score, score post anterior to posterior mobilisation, and posterior to anterior mobilisation were inputted in SPSS. The variables compared were the baseline score against the post a/p mobilisation score and the baseline score against the post p/a mobilisation score. From the tests completed, the data extracted was the mean and standard deviation score before and after mobilisation, t score, df (degrees of freedom), P (significance), and Cohen's D scores. Data analysis aimed to see if there was a significant difference between before and after range of movement and star excursion scores. A significance is demonstrated in a P value of ˂.05. 










4. Results 
4.1 Range of Movement Symmetry Between Left and Right Legs
 To determine if there was symmetry in the range of movement between the left and right legs an independent t-test was completed with the data collected from testing (Table 1). The results for the passive plantarflexion range of movement showed no significant difference between left (M= 160.9˚, SD= 14.8˚) and right leg (M= 157.7˚, SD= 14.8˚) scores (t (18) = .435, p= .669 ˃.05, d= .193). Active plantarflexion range of movement results also demonstrated the same outcome. The left leg (M= 149.4˚, SD= 12.3˚) and right leg (M= 147.9˚, SD= 14.9˚) results showed no significant difference in this range (t (18) = .246, p= .809 ˃.05, d= .110).  A difference of 3.1˚ between the left and right leg in passive plantarflexion is reported (p ˃.05), with the left leg with a higher degree of range. A lower degree of difference in active range was found (p ˃.05), 1.5˚ less range on the right leg.
No significant difference was reported between the left (M= 7.8cm, SD= 3.4cm) and right leg (M= 8.3cm, SD= 3.7cm) passive dorsiflexion range of movement (t (18) = -.317, p= .755 ˃ .05, d= -.142). Active dorsiflexion results proved similar outcomes to the other ranges of movement. No significant difference found between left (M=96.4˚, SD= 4.4˚) and right leg (M= 92.3˚, SD= 12.0˚) for this range (t (18) = 1.015, p= .324 ˃.05, d= .454). Passive dorsiflexion reports a 0.5cm difference in the right and left leg, the smallest value of the difference in range out of all four tested. Opposite to plantarflexion, the right leg had a greater measurement of passive dorsiflexion than the right leg. Active dorsiflexion reported a 4.1˚ difference, favoring the left leg, with no significance in the difference found.
All Results stated above found in Table 1, indicate that there was no significant difference in all range of movement tested between left and right leg. There is a range of movement symmetry present between the two legs tested.





Table 1: ROM Comparison Between Left and Right Leg
	
	Mean ± SD (degrees)
	t
	df
	P
	Cohens d
	Significant

	ROM
	Left
	Right
	
	
	
	
	

	Passive Pflxn

	160.9 ± 17.02  

	157.8 ± 14.8 
	.435
	18
	.669
	.195
	NO
 


	Active Pflxn
	149.4 ± 12.3
	147.9 ± 14.9
	.246
	18
	.809
	.110
	NO

	Passive Dflxn
(cm)
	7.8 ± 3.4
	8.3 ± 3.7
	-.317
	18
	.755
	-.142
	NO

	Active Dflxn
	96.4 ± 4.4
	92.3 ± 12.0
	.324
	18
	.324
	.454
	NO


No significant changes between the right and left leg in plantar flexion and dorsiflexion range of movement active and passive. Symmetry was found between the left and right leg in all ranges tested. 

4.2 Comparison Results of Plantarflexion Range of Movement Pre and Post-Mobilisation 
The right leg range of movement post mobilisation (M= 166.1, SD= 13.9) showed a low significant increase in passive plantarflexion (t (9) = -2.485, p= .035 ˂.05, d= -.768) when compared to pre mobilisation passive plantarflexion results (M=157.8, SD= 14.8). The right leg's passive plantarflexion means improved by 8.3˚ (p ˂.05). Whereas the active plantarflexion means of the right leg improved by 13.3˚ (p ˂01). 
 Left leg passive plantarflexion means improved by 7.3˚. It had a high significant difference, proving an increase in range of movement was found (t (9) = -3.984, p= .003 ˂.05, d=-1.260) between pre-mobilisation passive plantarflexion scores (M=160.9, SD= 17.01) and post mobilisation scores (M= 168.2, SD= 15.3). 
Left leg active plantarflexion showed a mean improvement of 9.4˚. A high significant difference was found  (t (9) = -3.457, p= .007 ˂.05, d= -1.093) when comparing the range before (M=147.9, SD= 14.9) and after (M= 161.2, SD= 13.7) mobilisation. Similar to the right leg, the left leg also reported a high significant difference in active plantarflexion (t (9) = 4.490, p= .002 ˂ .05, d=-1.420) when pre-mobilisation results (M= 149.4, SD= 12.3) and post mobilisation results (M+ 158.8, SD= 12.4) were compared. See Table 2 for results. 

Table 2: Plantarflexion ROM Before & After:
	
	Mean ± SD (degrees)
	t
	df
	P
	Cohens d
	Significant

	ROM
	Before
	After
	
	
	
	
	

	Passive Pflxn
Right Leg
	157.8 ± 14.8 

	166.1 ± 13.9
	-2.485
	9
	.035
	-.768
	
YES

	Passive Pflxn
Left Leg
	160.9 ±17.01
	168.2 ± 15.3
	-3.984
	9
	.003
	-1.260
	YES

	Active Pflxn 
Right Leg
	147.9 ± 14.9
	161.2 ± 13.7 
	-3.457
	9
	.007
	-1.093
	YES

	Active Pflxn
Left Leg
	149.4 ± 12.3
	158.8 ± 12.4
	-4.490
	9
	.002
	-1.420
	Yes


Significant improvements in plantarflexion with a large effect size were found in both left and right ankles post p/a mobilisation for both passive and active movements. 

4.3 Comparison Results of Dorsiflexion Range of Movement 
Right leg passive dorsiflexion before mobilisation (a/p) score (M= 8.3, SD= 3.7) compared to after mobilisation (M= 9.7, SD= 3.9) shows a very high significant difference (t (9) = -6.000, p= .001 ˂.05, d= -1.897). The right leg's passive dorsiflexion means was improved by 1.4cm. Left leg passive dorsiflexion before mobilisation score (M=7.8, SD= 3.4) Compared to after mobilisation score (M= 9.1, SD=4.1) also reported a high significant difference (t (9) = -4.443, p= .002 ˂.05, d= -1.405). The left leg's passive dorsiflexion is improved by 1.3cm. These results prove an increase in passive dorsiflexion in both right and left ankles after the application of an a/p mobilisation on the talus.
Active dorsiflexion range of movement also demonstrated similar outcomes to passive dorsiflexion. The left leg (M= 92.2, SD= 6.6) showed a significant difference (t (9) = -4.163, p= .002 ˂.05, d= -1.317) when compared to the results collected after the mobilisation was applied (M= 96.4, SD= 4.4). Left leg active dorsiflexion showed a mean improvement of 4.2˚ The right leg active dorsiflexion results before mobilisation (M= 89.4, SD= 11.9), when compared to the results gathered post mobilisation (M= 92.3, SD= 12.0) a significant difference, was found (t (9) = - 2.712, p= .024 ˂.05, d= -.858). The right leg's active dorsiflexion increased by 2.9˚. See Table 3.
Table 3: Dorsiflexion ROM Before & After:

	
	Mean + - SD (degrees + cm)
	t
	df
	P
	Cohens d
	Significant

	ROM
	Before
	After
	
	
	
	
	

	Passive Dflxn (cm)
Right Leg
	8.3 ± 3.7 

	9.7 ± 3.9
	-6.000
	9
	 .001
	-1.897
	
YES

	Passive Dflxn (cm)
Left Leg
	7.8 ± 3.4
	9.1 ± 4.1
	-4.443
	9
	.002
	-1.405
	YES

	Active Dflxn 
Right Leg
	89.4 ± 11.9
	 92.3 ± 12.0
 
	-2.712
	9
	.024
	-.858
	YES

	Active Dflxn
Left Leg
	92.2 ± 6.6
	96.4 ± 4.4
	- 4.163
	9
	.002
	-1.317
	YES


Significant improvements in both passive and active dorsiflexion with a large effect size were reported in both left and right ankles post a/p mobilisation. 

4.4 Comparison Results of Star Excursion Baseline Scores Against Post Mobilisation Scores
Anterior 
When the baseline score (M= 59.5cm, SD= 9 cm) for the anterior directional reach before any intervention was applied as compared to the reach score post a/p mobilisation (M= 60.1cm, SD= 10.8cm) intervention no significant difference was noted (t (19) = -2.97, p= .769 ˃.05, d= -0.66).  A moderate effect size (0.66) was reported for the a/p mobilisation. A mean difference of 0.6cm was reported in reach after the application of the a/p mobilisation, the results are of no significance Similarly, the post p/a mobilisation score (M=61.4cm, SD= 11.4cm) when compared to the baseline score (M= 59,5cm, SD= 9cm) there was no significance found (t (19) = -.970, p= .344 ˃.05, d= -2.17). A large effect size (- 2.17) for the p/a mobilisation was reported. A mean difference of 1.9cm was reported in reach after the application of the p/a mobilisation. The application of both mobilisations had no significant effect on the reach distance in the anterior direction (Table 4). 
Anteromedial
The results obtained post a/p mobilisation (M= 60.1cm, SD= 10.8cm) reported a high significant difference with a large effect size (t (19) = -4.958, p= ˂.001, d= -1.109) when compared to the baseline score (M=58.3cm, SD= 11.0cm) of the anteromedial direction. A mean reach distance of 1.9cm more was reported after the application of a/p mobilisation. Results post p/a mobilisation (M= 61.4cm, SD= 11.4cm) also had a high significance difference and large effect size (t (19) = -4.958, p= ˂.001, d= -1.109) when compared to the directions baseline score (M=58.2m, Sd= 11.0cm). A mean reach distance of 3.2cm more was reported after the application of the p/a mobilisation. Both mobilisations had a significant effect on the reach distance in the anteromedial direction, an increase in mean was reported for both (Table 5). 
Medial
A high significant difference was reported (t (19) = -5.172, p= ˂.001, d= -1.157) in reach distance in the medial direction when the baseline score was compared to the post a/p mobilisation score. Post a/p mobilisation scores (M= 72.8cm, SD= 11.2cm) showed an increase of 3.8cm in reach distance compared to baseline score (M= 69.0cm, SD= 12.1). Likewise, post p/a mobilisation reach score (M= 74.0cm, SD=11.1) an increase of 4cm in reach was found compared to the baseline reach score (M=69.0cm, SD= 12.1cm). This increase had a high significance (t (19) = -6.242, p= ˂.001, d= -1.396). Both mobilisations reach results had a large effect size when compared with baseline reach results (Table 6). 

Posteromedial
The reach distance measured post application of the a/p mobilisation (M= 81.1, SD= 9.3) when compared to the baseline reach distance (M= 77.1cm, SD= 9.4cm) had a high significance (t (19) = -5.844, p= ˂.001, d= -1.307). A large effect size was also reported. A 4 cm increase in mean distance was achieved. The reach distance measured post application of the p/a mobilisation (M= 82.5cm, SD= 9.7cm) when compared to the baseline reach distance (M= 77.1cm, SD= 9.4cm) had a high significance (t (19) = -10.092, p= ˂.001, d= -2.257). A large effect size was also reported. An 8.4 cm increase in mean distance was achieved (Table 7).
Posterior
A high significance was reported (t (19) = -4.824, p=˂.001, d= -1.079) in reach distance in the medial direction when comparing post, a/p mobilisation distance score to the baseline score. Post a/p mobilisation scores (M= 76.6cm, SD= 11.7cm) showed an increase of 6.8 cm in reach distance compared to baseline score (M= 72.8cm, SD= 11.4cm). Likewise, post p/a mobilisation reach score (M= 80.7cm, SD=12.1) an increase of 4cm in reach was found compared to the baseline reach score (M= 72.8cm, SD= 11.4cm). This increase had a high significance (t (19) = -6.343, p= ˂.001, d= -1.418). Both mobilisations reach results had a large effect size when compared with baseline reach results (Table 8). 
Posterolateral
In the posterolateral directional reach, a high significance was found (t (19) = -6.535, p= ˂.001, d= - 1.461) in the comparison of baseline reach distance (M= 71.4cm, SD= 10.3cm) and reach distance post a/p mobilisation (M= 76.4cm, SD= 9.7cm), with a large effect size reported. A reach distance of 5 cm greater was reported after the application of a/p mobilisation.  A high significance (t (19) = -6.847, p= ˂.001, d= -1.531) was determined between baseline reach distance (M= 71.4cm, SD= 10.3cm) and post p/a mobilisation reach distance (M=77.3cm, SD=10.5cm).  A reach distance of 5.9 cm greater was reported after the application of the p/a mobilisation. Both mobilisations have demonstrated a positive effect on dynamic balance in the posterolateral direction (Table 9). 
Lateral
The lateral directional reach t-test results demonstrated a high significance (t (19) = -6.602, p= ˂.001, d= -1.476) in the difference between the baseline (M= 69.3cm, SD= 14.1cm) and post a/p mobilisation reach distance (M= 77.3cm, SD= 11.7cm). A large effect size was reported. A reach distance of 8cm greater was reported after the application of a/p mobilisation. A reach distance of 8.8 cm greater was reported after the application of the p/a mobilisation. A high significance (t (19) = -6.145, p= ˂.001, d= -1.374) was found in the difference between the baseline (M= 69.3cm, SD= 14.1cm) and post a/p mobilisation reach distance (M= 78.1cm, SD= 10.6cm). Both mobilisations have demonstrated a positive effect on dynamic balance in the lateral direction (Table 10). 
Anterolateral
The anterolateral directional reach showed a high significance (t (19) = -5.694, p= ˂.001, d= -1.273) in the difference in distance measured as a baseline score (M= 58.0cm, SD= 10.3) and post a/p mobilisation score (M= 63.0cm, SD= 9.4cm). A reach distance of 5cm greater was reported after the application of a/p mobilisation.  A high significance (t (19) = -5.771, p= ˂.001, d= -1.290) in the difference in distance measured as a baseline score (M= 58.0cm, SD= 10.3) and post p/a mobilisation score (M= 64.6cm, SD= 9.1cm). A reach distance of 6.6cm greater was reported after the application of the p/a mobilisation. Both mobilisations have demonstrated a positive effect on dynamic balance in the anterolateral direction (Table 11).







Table 4: Star Excursion: Anterior Score Before and After Mobilisations
	
	Reach (cm)
Mean ± SD
	t
	df
	p
	Cohens d
	Significant

	Mobilisation
	Before
	After
	
	
	
	
	

	Dorsi (A/P)
	59.5 ± 9.0 
	60.1 ± 10.8
	-.297
	19
	.769
	-0.66
	NO

	Plantar (P/A)
	59.5 ± 9.0
	61.4 ± 11.4
	-. 970
	19
	.344
	-2.17
	NO


The reach distance in the anterior direction reported no significant difference (p ˃.05). A medium effect size was reported for the a/p mobilisation (˃0.5). A large effect size was reported for the p/a mobilisation (˃0.8).


Table 5: Star Excursion: Anteromedial Score Before and After Mobilisations
	
	Reach (cm)
Mean ± SD
	t
	df
	p
	Cohens d
	Significant

	Mobilisation
	Before
	After
	
	
	
	
	

	Dorsi (A/P)
	58.2 ± 11.0
	60.1 ± 10.8
	- 4.958
	19
	˂.001
	- 1.109
	YES

	Plantar (P/A)
	58.2 ± 11.0
	61.4 ± 11.4
	- 5.915
	19
	˂.001
	- 1.323
	YES


A high significance was reported in the anteromedial direction after the application of both mobilizations (p ˂.001) with a large effect size also reported (˃0.8).





Table 6: Star Excursion: Medial Score Before and After Mobilisations
	
	Reach (cm)
Mean ± SD
	t
	df
	p
	Cohens d
	Significant

	Mobilisation
	Before
	After
	
	
	
	
	

	Dorsi (A/P)
	 69.0 ± 12.1 
	 72.8 ± 11.2 
	- 5.172
	19
	˂.001
	- 1.157
	YES

	Plantar (P/A)
	 69.0 ± 12.1 
	74.0 ± 11.1
	- 6.242
	19
	˂.001
	- 1.396
	YES


A high significance was seen in the Medial direction after the application of both mobilizations (p ˂.001) with a large effect size reported (˃0.8).

Table 7: Star Excursion: Posteromedial Score Before and After Mobilisations
	
	Reach (cm)
Mean ± SD
	t
	df
	p
	Cohens d
	Significant

	Mobilisation
	Before
	After
	
	
	
	
	

	Dorsi (A/P)
	 77.1 ± 9.4 
	 81.1 ± 9.3 
	- 5.844
	19
	˂.001
	- 1.307
	YES

	Plantar (P/A)
	 77.1 ± 9.4
	82.5 ± 9.7 
	- 10.092
	19
	˂.001
	- 2.257
	YES


A high significance was noted in the Posteromedial direction for both mobilisations (p ˂.001) when compared to baseline scores, with a large effect size reported (˃0.8). 

Table 8: Star Excursion: Posterior Score Before and After Mobilisations
	
	Reach (cm)
Mean ± SD
	t
	df
	p
	Cohens d
	Significant

	Mobilisation
	Before
	After
	
	
	
	
	

	Dorsi (A/P)
	 72.8 ± 11.4
	79.6 ± 11.7
	- 4.824
	19
	˂.001
	- 1.079
	YES

	Plantar (P/A)
	  72.8 ± 11.4
	80.7 ± 12.1 
	- 6.343
	19
	˂.001
	- 1.418
	YES


For the posterior directional reach, a high significance was calculated for both mobilisations (p ˂.001) when compared to baseline scores, with a large effect size reported. 

Table 9: Star Excursion: Posterolateral Score Before and After Mobilisations
	
	Reach (cm)
Mean ± SD
	t
	df
	p
	Cohens d
	Significant

	Mobilisation
	Before
	After
	
	
	
	
	

	Dorsi (A/P)
	 71.4 ± 10.3 
	 76.4 ± 9.7 
	- 6.535
	19
	˂.001
	- 1.461
	YES

	Plantar (P/A)
	 71.4 ± 10.3
	77.3 ± 10.5 
	- 6.847
	19
	˂.001
	- 1.531
	YES


In the posterolateral directional reach, a high significance was found for both mobilisations (p ˂.001) when compared to baseline scores, with a large effect size reported (˃0.8). 

Table 10: Star Excursion: Lateral Score Before and After Mobilisations 
	
	Reach (cm)
Mean ± SD
	t
	df
	p
	Cohens d
	Significant

	Mobilisation
	Before
	After
	
	
	
	
	

	Dorsi (A/P)
	69.3 ± 14.1 
	77.3 ± 11.7 
	- 6.602
	19
	˂.001
	- 1.476
	YES

	Plantar (P/A)
	 69.3 ± 14.1
	78.1 ± 10.6 
	- 6.145
	19
	˂.001
	- 1.374
	YES


The lateral directional reach demonstrated a high significance for both mobilisations (p ˂.001) when compared to baseline scores, with a large effect size reported (˃0.8). 





Table 11: Star Excursion: Anterolateral Score Before and After Mobilisations:
	
	Reach (cm)
Mean ± SD
	t
	df
	p
	Cohens d
	Significant

	Mobilisation
	Before
	After
	
	
	
	
	

	Dorsi (A/P)
	 58.0 ± 10.3 
	 63.0 ± 9.4 
	- 5.694
	19
	˂.001
	- 1.273
	YES

	Plantar (P/A)
	 58.0 ± 10.3
	64.6 ± 9.1 
	- 5.771
	19
	˂.001
	- 1.290
	YES


The anterolateral directional reach showed a high significance for both mobilisations (p ˂.001) when compared to baseline scores, with a large effect size reported (˃0.8). 















5. Discussion
5.1 Symmetry in Rand of Movement Between Left and Right Legs
The purpose of this quantitative study was to identify if Maitland mobilisations increase ankle range of movement (dorsiflexion and plantarflexion) and how this would affect dynamic balance. Symmetry was tested due to the effect asymmetry has on postural control. Lack of symmetry can compromise/ limit motor control. It also reduces stability and mobility of one side which is known to cause insufficient muscle contraction, torsion of the body, and weight shifting.  These negative effects can impact gait, changing the way participants walk due to them developing compensatory methods that are pain-free and more comfortable due to the restricted or lack of range available. Asymmetries in ankle ROM have been positively correlated with performance deficits during any change of direction testing (Howe et al., 2020) Measuring ankle ROM and performing bilateral comparisons to assess any deficits should be completed before prescribing any interventions to increase ROM (Howe et al., 2020). From the results, no significant difference was found between the left and right leg in any range tested. Results reported less than 5 degrees difference between left and right in all ranges, meaning no significant asymmetry was detected. This meant that the application of mobilisation to improve ROM we safe and fine to apply. 
5.2 Comparison of Range of Movement Results Pre and Post-Mobilisations
The second section of the results discusses the range of movement scores before and after mobilisation. The data collected supports the findings of Li, Yang, and Huang (2023) by identifying the increase in both plantarflexion and dorsiflexion range that was of significance post a/p and p/a mobilisation on the talus. The significance (p .05) reported was moderate (Li, Yang, and Huang, 2023). Dorsiflexion and plantarflexion active and passive in this study reported a highly significant difference (p .01 between pre and post-mobilisation scores. Both studies have reported data that prove Maitland mobilisations increase ankle ROM. Studies by Hoch et al., (2012) and (Vallandingham, Gaven, and Powden, 2019) findings also agree with the finding of this study where an increase of ROM was noted post-Maitland mobilisation of the talocrural joint.  The data collected from this study and other studies that found similar outcomes supports the claim that grades III and IV of Maitland mobilisations are the correct grading to use for a range of movement improvement as it creates permanent elongation of the tissue due to failure of the collagen forces and a result of plastic deformation (Holland, Hughes, De Ste Croix, 2020). 
5.2 Comparison Between Star Excursion Balance Test Results Pre and Post-Mobilisations
The final aim of this study was to determine if SEBT reach distance would increase as a result of the mobilisations increasing ankle ROM. The results from this study demonstrated a significant difference (p ˂.01) in reach distance in all directions other than the anterior direction (p .˃05) The lack of significance found in the anterior direction reach post mobilisation does not correspond with current research. However, the majority of current research applies mobilisation to participants who suffer from ankle instability over healthy recreational athletes who have stable ankles. Therefore, a different result is not unusual. The lack of significance of the increase in anterior reach distance may be due to the participant's gait. The recreational athletes that participated in this study had no issues with ankle instability or reported issues/ compensatory problems with their gait. It is common for individuals with ankle stability to have a lack of ROM and gait issues. Before mobilisation, it is likely their ability to reach in the anterior direction would have been poor compared to the participants that partook in this study. The lack of significance in this direction may also be due to the fact, that the direction is the same individuals walk anteriorly every single day and it is the most common direction they walk/ run in. 
However, the anteromedial and posteromedial results correspond with current research. The two directions reported a highly significant (p˂ .001) difference in reach after the application of both mobilisations. These results provide further evidence to support Hoch et al (2012) claim that mobilisation improves SEBT reach distance in the posteromedial and posterolateral direction. The claim also made by Hoch et al (2012) that they identified an increase in ankle ROM as a main attribute that created the increase in reach distance is also supported by this study. Both plantarflexion and dorsiflexion ROM increased significantly post-mobilisation, when SEBT was re-tested reach distances increased and the difference was significant. Holland, Hughes, and De Ste Croix's (2020) study equally reported an increase in reach distance in the posteromedial and posterolateral direction.  
Due to the modified star excursion balance test being used more commonly than the original with eight directions, data for the medial, lateral, posterior, anteromedial, and anterolateral directions are limited and difficult to come across. However, this study has demonstrated that both the a/p and p/a mobilisations of the talus had a highly significant (p ˂.001) effect on the directions stated, and a large effect size. This would be expected given research has already provided evidence that states a significant increase post mobilisation is found in the posteromedial and posterolateral directions (Holland, Hughes, and De Ste Croix (2020). The two directions are a combination of the posterior, medial, and lateral directions. It is a fair assumption that the posterior, medial, and lateral directions would report a significance of a moderate or high level on their own as the movement of direction is simpler and in theory should be easier for participants to complete. The same principle and assumption would apply for the anteromedial and anterolateral directions which also reported a high significance (p ˂.001)  in results post-application of both the talus mobilisations. 
Further studies need to be conducted to add to the validity of the current research. More specific data is necessary on p/a talus mobilisation to show the impact it has on plantarflexion. There is a large discrepancy in the number of studies researching plantarflexion when compared to dorsiflexion. Due to the lack of data on plantarflexion and p/a mobilisations, it is difficult to deem the data collected in this study relevant and credible as there is not enough sufficient evidence in current research to support the findings reported in this study. Both ranges of movement should be researched and investigated equally as they are both just as important in dynamic postural control and balance not only in sports but in everyday activities like walking. 


















6. Conclusion 
In recreational athletes that reported no ankle issues, talocrural Maitland mobilisation increased dorsiflexion and plantarflexion range of movement of the ankle on both left and right legs. These findings provide further evidence to current research that agrees with and has similar outcomes. The results show that Maitland mobilisations, anterior to posterior and posterior to anterior on the talus improve the range of movement at the ankle. After the application of mobilisation, the re-testing of the SEBT showed significant improvements across all directions other than anteriorly. This shows Maitland mobilisations also have a positive impact on dynamic postural control. It also provides evidence towards the claims in current research that state improved ankle range of movement is the main attribute to improving SEBT reach distance scores, ultimately improving dynamic postural control/ balance. More research is necessary to make the claims in this study and current research more credible.
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Copy of Blank Par Q and Informed Consent From 
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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_________________________
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