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Abstract

This study aims to explore Maitland Grade IV mobilisation longitudinal caudad on the hip and its effect on functional performance measured by vertical jump height and power output on the Keiser leg press. A quantitative randomised control trial was conducted on (n = 10) and a mean age (22.3 ± 1.89 years), consisting of university students involved in the university's team sports. 

The method of this study involves a pre testing, followed by an intervention of grade IV Maitland longitudinal caudad on the hip for 3 x 30 seconds, and immediate post testing. The testing consists of performing maximal effort vertical jumps on a force platform three times, with the highest score being used, and a maximum leg press on the Keiser leg press A420, until they cannot perform any higher power. And analysing the data with SPSS to find the paired t-test, P value, with significance at p<0.05.  
      
The results show that although grade IV Maitland mobilisation on the hip improved vertical jump and leg power, these changes were not statistically significant, with vertical jump height being (t(9)=-1.876, p=.093) and Keiser leg press power being (t(9)=2.083, P=.067).                                                                 To conclude, Maitland Grade IV mobilisation longitudinal caudad on the hip showed moderate improvement in vertical jump height and leg press power, but these findings did not reach statistical significance. This suggests that further research with a larger sample size may be needed on whether Maitland mobilisation on the hip could improve functional performance.











Introduction

This study will examine whether mobilisation of the hip longitudinal caudad provides measurable improvement in lower limb functional performance, as assessed by vertical jump and leg press power. Functional performance of the lower limbs plays a key role in everyday life and athletic performance, therefore enhancing the function of the hip should demonstrate measurable improvement.   

The aims of this study are to address the gap in the literature concerning Maitland mobilisation and whether they provide benefits for sport performance apart from pain reduction and increasing range of movement. While Maitland mobilisation techniques are widely used in sports massage clinics to enhance joint mobility and alleviate pain, relatively few studies have been conducted to determine whether Maitland mobilisation can produce measurable changes in performance, such as power and strength, in athletes (Syeda, M. et al. 2021).  

The hypothesis is that grade 4 Maitland mobilisation on the hip should have measurable outcomes on functional performance.  

This research is a quantitative study of a randomised control trial. By doing a quantitative study, it can measure the before and after outcome of hip longitudinal caudad (Piepho and Edmondson, 2018), and by doing a randomised controlled trial (RCT), it can minimise the bias. To keep the study reliable (Moher et al. 2010). All longitudinal caudad mobilisations will be timed to 30 seconds and done 3 times, and all participants will be allowed to have a practice beforehand. 

This topic is relevant personally as Maitland mobilisation is widely used in clinical practice to ease pain and improve the range of motion. Within a sporting setting, physiotherapists and sports therapists have a key role in treating and rehabilitating athletes Gill, Jagga, and Pal,(2024). As a sport and exercise therapy student, I have developed a strong interest in exploring the effects of Maitland mobilisation.  

Ten university team sports players were selected for this study, as participating in team sports such as football and rugby involves repeated explosive action that includes jumping, sprinting, and rapid change of directions. As a result lower limb power and vertical jump height has been selected to meet the demands of the chosen populations (Hammami, et al, 2018). Additionally, intervention such as Maitland mobilisation may have benefits, as they aim to improve joint mobility and reduce pain.

Previous research has been conducted on whether Maitland mobilisation for pain relief and increasing the range of motion, applied to athletes and the general population, with a growing interest in whether joint mobilisation offers functional benefits that show measurable improvement outcomes for athletes and the general population (Holland, Hughes, and De Ste Croix, 2026).

Functional performance of the lower limbs plays a key role in daily life and athletic performance. Hip function, including joint mobility and neuromuscular control, is important for efficient force transmission and movement patterns required for tasks like jumping and pushing, with previous research demonstrating significant differences in hip function and its importance in performance (Tong, et al, 2021). 

There are studies shown to be inconsistent within recent research. Studies like Georgoulas et al. (2026)  have done joint mobilisation of the ankle joint and found mixed outcomes. While research like Harris-Hayes et al. (2023) and Arabzadehet et al. (2023) looked at the hip and found improvement after treatment of hip mobilisation. So this study aims to explore whether Maitland joint mobilisation applied to the hip has similarities or different outcomes.

The primary question of this study is to examine whether Maitland Grade VI longitudinal caudad mobilisation applied to the hip demonstrates measurable improvement in functional performance, assessed through vertical jump using a force plate platform and leg press power using a Kesir A420. These objectives were selected because they serve as reliable indicators of lower limb strength and power.                      
                                       
Functional performance is the ability to perform physical tasks that require strength, power, coordination, and control. This includes activities like jumping, sprinting, and changing direction rapidly (Gonzalo-Skok, et al, 2015).    

Effective functional performance indicates how well the body can generate and transfer force during movement. In this study, functional performance is measured through vertical jump and leg press power output, as these tests provide measurable markers of lower limb capacity (Padua, et al, 2018).   

This study will contribute to the current understanding of how joint mobilisation techniques influence lower limb functional performance in healthy, physically active adults. By studying the measurable differences of pre and post intervention of mobilisation on performance outcomes, such as vertical jump height and leg press power, before and after intervention can have significant measurable in athlete performance.  
























Literature Review

Introduction

Manual therapy is used within clinics by sports therapists and physiotherapists to improve joint function, reduce pain, and improve quality of life. Within manual therapy, there are multiple different techniques that are utilised, such as joint mobilisation and the Maitland mobilisation, that are applied to restore normal arthrokinematics and neuromuscular control. Recent research has explored whether manual therapy, like joint mobilisation interventions, has benefits in certain populations, such as people with knee osteoarthritis and specific injuries. With more research needed on certain body parts over others, such as with the ankle, knee, and shoulders. However, the extent of the techniques on Maitland and the grades, and the intervals used are limited, with most studies not stating what grades, directions, and times that are applied, as well as limited research on functional outcomes.    

This literature review aims to explore the current evidence surrounding Maitland mobilisation and the functional performances within the hip joint. Due to the little research that directly examines the relationship between Maitland mobilisation. Evidence from general joint mobilisation, manual therapy, and related biomechanical and neurophysiological studies will also be considered. This review will critically analyse the literature and explore the mechanisms around joint mobilisation, linking it with the Maitland concept, as well as identifying gaps in relevant recent studies.  

Maitland Mobilisation and Joint Mobilisation

Joint mobilisation is a passive manual therapy technique that involves movement applied to a joint to increase the range of motion, reduce pain, and enhance neuromuscular function (Nweke et al., 2023; Josipović et al., 2024). Joint mobilisation is a part of a broader category of manual therapy, which includes soft tissue techniques and manipulation that are used within physiotherapy. To perform manipulation, further education is needed, so within this study, research that states manipulation will be excluded. However, joiny mobilisation is not a single standardised approach, as multiple approaches exist.   
 
Maitland mobilisation, developed by Geoffrey Maitland, is a specific approach. Within the Maitland concept, mobilisations are applied using graded oscillatory movements (Grades I–IV) to target specific joint restrictions (Banks & Hengeveld, 2015). 

· Grades I–II consist of small-amplitude oscillations performed within the available range and are used for pain reduction (Banks & Hengeveld, 2015). 
· Grades III–IV involve larger-amplitude oscillations performed at the end of the available range and are used to increase joint mobility (Banks & Hengeveld, 2015).

The grades are chosen based on whether the goal for the patient is to reduce pain or restore range of motion within the joints. These specifics are important to understand, as many studies refer broadly to “joint mobilisation” without being specific to the techniques used. This limits the ability to evaluate Maitland mobilisations, as without knowing the exact techniques used, changing how the treatment was managed to help the patient can change the outcomes of the treatment given.

Hip Joint Function and Arthrokinematics

The hip joint is a ball and socket synovial joint consisting of the femoral head sitting within the acetabulum of the pelvis, enabling movement in multiple directions that include flexion, extension, internal and external rotation, abduction, and adduction (Gold, Munjal & Varacallo, 2023). Its primary function is to support the weight of the trunk and upper body, transmit forces between the upper and lower extremities, and allow a wide range of mobility (Zhou, Jia and Lian,  2024) Within the kinetic chain, the hip acts as a key link in the production of power and in the control of lower limb alignment (Almansoof et al., 2023). 
Sports place significant stress on the hip joints due to repetitive loading, jumping, and sprinting. These activities generate various joint forces, such as compressive and shear forces from repeated movements, axial loading through the femoral head during jumping, and increased compression of the femoral head into the acetabulum during sprinting (Chen et al, 2024). 

Arthrokinematics refers to the small, subtle movements that occur between joint surfaces during movement, which follow the concave and convex roles, such as rolling, gliding, and sliding. These movements are vital for normal joint function, and if the arthrokinematic movement becomes restricted, normal movement will be limited (Yakut and Tuncer, 2020). This means the femoral head cannot glide efficiently within the acetabulum, making functional performance harder. “Joint mobilisation techniques aim to restore normal arthrokinematic motion and return normal joint mobility” (Johnson et al., 2022). According to the concave and convex rule, roll, slide, and glide occur in opposite directions, meaning that efficient movement requires accessory motion within the joints. Therefore, restoring those joint mechanics and reducing stress on the surrounding tissues.  
A study by Johnson et al. (2022) revealed that the hip joint plays a critical role in lower limb biomechanics and functional activities such as walking, running, sprinting, and jumping. Hip flexion occurs during the downward phase of a squat, and when performing a vertical jump, adequate power output is generated through coordinated triple joint play at the hip, knee, and ankle. Restrictions within the hip joint may alter load transfer between the trunk and lower limbs, leading to compensatory movement patterns and reduced functional performance. Improving hip joint mobility through Maitland mobilisation may improve functional performance by allowing the hip to move effectively and restoring normal movement patterns. (Johnson et al., 2022).    

Although the longitudinal caudad Maitland technique of the hip is practised in manual therapy, there is limited recent high quality research that is conducted using only longitudinal methods. As there are more recent studies on multi mobilisation techniques alongside exercises (Holland et al., 2020 and Tang et al., 2024). However, evidence from related studies supports the core idea of the Longitudinal caudad technique. Brun and Sandrey (2020) found that hip joint mobilisation using a mobilisation belt significantly improved both hip range of motion and functional outcomes. This supports the clinical effectiveness of mobilisation techniques. 
  
Similarly, Josipović (2024) and Lahuerta-Martín (2026) stated that applying traction techniques to the hip causes distraction to the hip joint, which improves pain, mobility, and function. This supports the idea that performing Maitland mobilisation, which causes traction of the femoral head in the acetabulum, enhances joint play. Lahuerta-Martín (2026), although the study focused on lateral distraction, the findings can be transferred to longitudinal caudad, as both techniques aim to reduce joint compression and improve arthrokinematics.
Mechanisms of Joint Mobilisation

There have been several mechanisms that have been explored to explain how the Maitland concept and joint mobilisation may have clinical outcomes. Mechanotransduction has one role, where mechanical forces applied to tissues result in biochemical and neural responses (Iheanacho & Vellipuram, 2023). This may influence muscle activation, tissue stiffness, and neuromuscular coordination and potentially leading to functional performance. 
Additionally, mobilisation techniques stimulate mechanoreceptors, contributing to improved proprioception and neuromuscular control (Heitler, 2023). With these changes, there may be an effect on movement efficiency and coordination, which are essential for functional performance such as jumping and squatting. With passive mobilisation also shown to have an impact on increasing muscle strength, this suggests that techniques like joint mobilisation can have an effect on neuromuscular output.  

For example, Pfluegler et al. (2021) showed significant improvement of the hip muscle strength following passive joint mobilisation. Similarly, Arabzadeh et al. (2023) stated an increase in muscle activation and postural stability following hip mobilisation. These findings suggest that mobilisation may have an impact on both neural and muscle fatigue of performance, although the exact mechanism remains unclear.

Evidence for Hip Joint Mobilisation

Research that investigates the hip joint mobilisation has mainly focused on clinical populations. Assogba et al. (2025), did a study with individuals with hip osteoarthritis, compared with self rehabilitation, with similar studies, Lahuerta-Martín et al. (2026) in individuals with groin pain. had shown improvement in range of motion and function following hip mobilisation. 

Additionally, other recent research supports mobilisation in improving functional outcomes. Mehwish et al. (2023) found that hip mobilisation combined with strength exercises significantly improved function and dynamic balance compared to exercise alone. Harris-Hayes et al. (2023) also reported improvements in function following joint mobilisation in individuals with hip related pain. 

Studnicki et al. (2024) examined the effects of hip joint mobilisation on neuromuscular activity in healthy adults, using electromyography (EMG) to measure muscle activations, and found increases in muscle activation following the interventions, although responses varied between participants. 

While these studies support the effects of hip mobilisation in improving functional performance, they consist mainly of clinical populations and do not specifically investigate Maitland longitudinal caudad mobilisation and performance outcomes like power or jump height.

Evidence from Other Joints

Due to a lack of specific studies that focus on the hip joint, studies that focus on other joints have been looked at. Tang et al. (2024) showed that Maitland mobilisation with participants with chronic ankle instability had shown improvement in function. Georgoulas et al. (2026) reported that ankle mobilisation improved range of motion and athletic performance when combined with exercises. 

Holland et al. (2020), following grade IV anterior to posterior ankle mobilisation, also found significant acute improvements in dynamic postural control following joint mobilisation in athletes. These findings suggest that mobilisation may have an impact on neuromuscular performance and functional outcomes.

Additionally, Abdo et al. (2025) found that the addition of joint mobilisation to exercises also showed improvement in hip muscle strength and functional outcomes. 
Haksever et al. (2025) had shown improvement with jump height and horizontal jump, as well as improvement in range of motions.  

However, due to the these studies are focused on the ankle and not the hip, the same outcomes may not be achieved due to the differences in the function, mechanics, and structures of each joint. 

Counter Evidence 

While some researchers are sceptical about the outcomes of mobilisation and its effect on athletic performance, as Georgoulas et al. (2026) stated, “the improvement in arthrokinematics is too small to have a noticeable effect on performance outcomes”. They suggest that to achieve measurable results, you need to focus on neuromuscular coordination and training movement patterns for better, significantly greater results.    

Conclusion

To summarise, the literature suggests that joint mobilisation, which includes the Maitland concept, may have an effect on functional outcomes through mechanical and neurophysiological mechanisms. With evidence that supports improvements in range of motion, neuromuscular control, and muscle function. However, there is limited research examining the direct effects of mobilisation on performance outcomes, particularly at the hip. 

Furthermore, the lack of high quality studies that investigated longitudinal caudad Maitland mobilisation and young healthy adults shows a gap in the literature.  

















Aim and Hypotheses
Aim 

The aim of this study is to investigate the immediate effect of Grade IV Maitland longitudinal caudad hip mobilisation on lower limb functional performance. The performance is assessed using a vertical jump on a force plate platform, and power output is measured by a Keiser A420 leg press. These methods are used to determine if the mobilisation produces measurable improvements in lower-limb functional performance.

Objective 

1. To measure baseline vertical jump using the force plate platform 
2. To measure baseline lower limb strength and power using the Keiser leg press A420
3. To apply Grade IV Maitland longitudinal caudad mobilisation to the hip joint.
4. To reassess vertical jump and leg press performance immediately post-intervention.
5. To compare pre and post intervention data to determine measurable changes in functional performance.

Hypothesis 

H1. Grade IV Mailand longitudinal caudad hip mobilisation will not significantly improve vertical jump performance, leg press power and strength.
H2. Grade IV Mailand longitudinal caudad hip mobilisation will significantly improve vertical jump performance, leg press power and strength.










Method
Rationale

The rationale of looking into Maitland mobilisation and it effect on functional performance is due to, most studies are done on the general populations and with a very few studies done on athletes, as well as most studies focusing on other joints within the body like the knee, ankle and shoulders and not the hip (Hoch et al. 2012). 

Mobilisation studies often focus on pain and range of motion. Functional performance measures such as vertical jump height and leg press power are used as indicators of lower limb power and force production. By conducting a study on whether Maitland mobilisation can produce measurable improvements in vertical jump height and leg power outcomes would provide clinically relevant information for sport therapy and physiotherapists working with athletic or active populations.

Therefore, this study aims to investigate the immediate effects of Grade IV Maitland longitudinal caudad hip mobilisation on lower limb functional performance, assessed using vertical jump force plate analysis and the Keiser A420 leg press.
Participants
Ten team university sports players aged 18-25 years participated in the study. The participants are full time university students who regularly engage in sports. All participants are located at universities of Wales Trainity saint Davied. To maintain anonymity, no specific outside teams that they player for are mentioned, individuals are identified by number instead. 

All participants were required to be free from lower limb injuries or neurological conditions that could affect movement or performance and have no history of hip surgery. Any participants with lower limb injuries, neurological issues, or a past history of hip surgery were excluded from the study.

A convenience sampling method was used, with participants selected voluntarily from university team sports players. This sampling approach was chosen due to accessibility and limited time.  

Design

A pilot study will be conducted to assess the suitability of the participants, equipment, and procedures, to identify any potential issues before full data collection begins.
A pilot study plan will be done to test the pre post testing protocol, the Maitland Grade IV longitudinal Caudad hip mobilisation, and the use of the force plate platform and Keiser Leg Press A420 for measuring functional performance.

The pilot study will include two university team sports players aged 18-25. The participants will meet the same inclusion and exclusion criteria as those in the main study.
The participants within the pilot study will complete the full testing protocol planning for the main study. This will include a pre test vertical jump assessment using the force plate, lower limb power assessment using the Keiser Leg Press A420, the Maitland longitudinal Caudad hip mobilisation intervention, and the post test assessment. All equipment setup, testing instructions, and rest periods will follow the main study protocol.  

This study will use a within subject pre and post experimental design to examine the acute effects of Maitland Grade IV longitudinal Caudad hip mobilisation on functional performance. All participants will complete a pre test measuring vertical height and lower limb power, followed by the mobilisation intervention and a post test measurement. No control group will be included.

Prior to testing, the nature and purpose of this study will be fully explained to all participants both verbally and with a written information sheet. Participants will be informed of the testing procedures, the mobilization technique, potential risks, and their right to withdraw at any time.

Written informed consent will be collated from all participants prior to data collection. Participants will not be identified, this will be ensured by assigning each a number. All data will be stored securely on a password protected laptop with access only by the researcher. All testing will take place at the UWTSD laboratory, with each session expected to last 20 minutes. This includes pre-test, mobilisation, and post test. Data from the force platform and Keiser Leg Press A420 will be recorded using the laboratory system. No audio or video recordings will be done.  

Instrumentation 

The machines that will be used are the force plate platform, the Keiser Leg Press A420, and a personal laptop.  

Procedures

1). Get written and verbal consent 
2). Full out Park Q 
3). Tell the participant how to perform the different test

4). Pre testing, starting with the vertical jump using the force plate platform, the participant will have their shoes off. They will stand on the platform, hands on their hips, and wait for the countdown. Once they are clear to jump, they will jump straight up and land back down on the platform. They will perform this 3 times. Rest for10 minutes, then move on to the Kieser leg press A420. Start by measuring the distance of the machine, ensuring their knees are at a 90-degree angle. Then insert the key fob into the machine and press the 2 button. The machine says R6. Once they are ready, they will perform a leg press at full force until they are unable to perform any more (Cabarkapa et al. (2025) (Li et al. 2025) (Nysether et al. 2023).

5). Following the pre test, they will undergo Maitland Grade IV longitudinal Caudad mobilisation. The participant will lie in a supine position on a massage bed. The examiner will perform 3x30 of IV longitudinal Caudad mobilisation. This will be done using a belt around the waist of the examiner. The participant will have a flexed hip and knee, with the belt located as high up the thigh as possible, tucked as close to the hip joint as possible. The examiner will perform 3x30 of IV longitudinal cadaver mobilisation with rest between each one (Cabarkapa et al. (2025) (Li et al. 2025) (Nysether et al. 2023).

6). Post testing, following the intervention, the participant will perform the vertical jump on the force plate platform again, using the same method as pre testing. Shoes off, they will start by standing on the platform with hands on hips. They will wait for the count down to start, then jump straight up and land back on the platform. They will perform this 3 times. Rest for 10 minutes, then they will move onto the Kiser leg press A420. Start by measuring the distance of the machine, with their knees at a 90-degree angle. Followed by inserting the key thob into the machine. Press the 2 button, wait for the machine to say R6. Once they are ready, they will perform a leg press at full force until they are unable to perform any more (Cabarkapa et al. (2025) (Li et al. 2025) (Nysether et al. 2023).

Data Analysis

The data analysis will be conducted using SPSS. It will involve calculating the standard deviation of the results, the mean score, and pre and post test comparisons, and a paired-sample t-test. Statistical significance will be set at p < 0.05.






















Results

This section presents the findings of the study investigating whether Maitland Grade IV longitudinal caudad mobilisation of the hip results in measurable improvements in functional performance. The improvements are evaluated through vertical jump assessments using a force plate platform and strength measurements using the Keiser Leg Press A420.

All data were collected with each participant performing maximal effort, and the highest score was recorded. All data were entered into Microsoft Excel and transferred to SPSS for analysis, with means, paired sample t-test, and standard deviations calculated, the statistical significance being p < 0.5.

Paired sample t-tests were conducted to compare pre intervention and post intervention data. The results are presented in the following order: participants, height, weight, vertical jump, and leg press, along.  

The results are presented in the following order: participants' age, height, and weight, vertical jump performances, and lower limb power output by Keiser leg press A420. This approach will allow for a clear view of how Maitland grade IV longitudinal caudad hip mobilisation affects functional performance outcomes.

Participants 

A total of 10 participants (n = 10) were a part of the study. All participants met the inclusion and completed the both pre and post intervention. No participants withdrew from the study during testing. 

The age of participants ranged from 18 to 25 years, with the mean age of 22.30 and range of the participant being 6. All participants were active individuals who were in a university team sport and had no history of lower limb injury.  

The mean weight of the participants was 76Kg and range being 19 and the mean height was 172.4 cm with range being 26. All participants who completed the pre intervention were able to perform the vertical jump and leg press without pain or discomfort.  

Table 1. Summary of the participants
	Participants 
	Mean 
	Standard Deviation 

	Age (Years)
	22.30
	1.889

	Height (Cm)
	172.40
	5.190

	Weight (Kg)
	76.00
	9.018


This table shows the demographic distribution of the participants.  

Vertical jump 

Vertical jump performance was evaluated using a force plate platform that measured jump height and peak ground reaction force during each attempt. Each participant performed three maximal vertical jumps, and the highest value recorded was used for analysis.  

The mean vertical jump height recorded in the intervention was 27.371cm. Following the intervention of Maitland Grade IV longitudinal caudad mobilisations of the hip, the mean vertical jump height was 28.707cm, this shows a 4.9% increase in vertical jump height.

A paired sample t-test was conducted to determine whether the difference between the pre intervention and post intervention jump height was statistically significant. The results show there was no significance difference in vertical jump height following the intervention, (t(9)=-1.876, p=.093).  

Table 2. Summary of vertical jump performance results.
	Measurement 
	Pre-intervention mean
	Post-intervention mean

	Mean increases in vertical jump height (cm)
	Standard Deviation  

	Jump height (cm)
	27.371cm
	28.707cm
	1.336cm
	2.25244cm


These findings indicate that participants had no improvement in vertical jump performance following the mobilisation intervention.

With the increases in vertical jump height was 1.336cm following the intervention. From 27.371cm to 28.707cm, however, the paired sample t-test showed that this difference was not statistically significant(t(9)=1.876, p=.093). The standard deviation of (2.25cm). And showed a small difference across the participants. This finding demonstrates that while there was an improvement in vertical jump performance following the intervention of Maitland grade IV longitudinal caudad mobilisation, the increase in vertical jump height was not statistically significant. With the lack of statistical significance may be related to the small sample size, which limits the statistical power.

Leg press

Lower limb strength was assessed using the Keiser Leg Press A420, which measured power output during leg press movements. The participants performed three maximal repetitions, and the highest recorded value was used for analysis.

The mean leg press power output recorded prior to the intervention was 679.8w. Following the Maitland Grade IV longitudinal caudad mobilization of the hip, the mean leg press power output had an increases to 719.95W. Which shows a mean increases in power output was 40.15W, this present an 5.9% increases in power output.

A paired sample t-test was conducted to determine whether the change in leg press power output was statistically significant. The analysis showed no significant increases in power produced following the intervention, (t(9)=2.083, P=.067). The standard deviation (60.95 W) shows a lack of consistency within power output across participants.

Table 3. summary of leg press power output pre-intervention and post-intervention.
	Measurement
	Pre-intervention mean
	Post-intervention mean
	Standard Deviation

	Power output (W)
	679.8
	719.95
	60.95401


These findings indicate that even though participants had an increase in lower limb power output following the Maitland grade IV longitudinal caudad hip mobilisation, the change was not statistically significant.

The standard deviation (60.95 W) shows a lack of consistency in power output among the participants, compared to the mean (40.15W). This shows that individuals responded differently to the intervention. While some participants may have improved more, and other individuals had either no change or little change.

Summary 

This results section presents the findings of the study on Maitland grade IV longitudinal caudad mobilisation of the hip in functional performance, with functional performance measured by vertical jump height and the Keiser leg press A420.  

Following the intervention of Maitland grade IV longitudinal caudad mobilisation of the hip, vertical jump height increased from a mean of 27.37cm to 28.71cm, representing a 1.34cm (4.9%) improvement (t(9) = -1.876, p = .093). This indicates that the intervention had no statistically significant effect. Lower limb power output after Maitland grade IV longitudinal caudad mobilisation of the hip increased from 679.8 W pre-intervention to 719.95 W post-intervention, with a mean increase of 40.15 W (5.9%). Although this change was not statistically significant (t(9) = 2.083, p = .067).
















Discussion
Overview 

The aims of this study were to investigate Maitland mobilisation on functional performance measured by vertical jumping height using the force platform and leg power using the Keiser leg press A420 on 10 university team sport players. According to Gonzalo-Skok et al.(2015) and Padua et al. (2018), the use of measuring vertical jump height and lower limb power output was that team sport players frequently require explosive movements such as jumping, sprinting, and rapid change of direction. Therefore, having Maitland mobilisation may improve the lower limb power and neuromuscular performance.

This discussion section will interpret the main findings of the results within the study of, Does Maitland mobilisation on the hip improve functional performance as measured by vertical jump height and power output?, with the results shown in the tables that are located within the appendices, against the previously stated literature.

Result Discussion 

The results show that both vertical jump height and leg press power following the intervention had increased, with mean vertical jump height rising from 27.37cm to 28.71cm, and leg press power increasing from 679.8 W to 719.95 W. These findings indicate improvement in functional performance following grade IV Maitland longitudinal caudad mobilisation of the hip. Although looking at tables 3 and 4 for vertical jump, the two-sided p-value was (p= 0.093), and for leg press power, the two-sided p-value was (p=0.067). These indicated that there was no statistically significant difference, following the intervention of grade IV Maitland longitudinal caudad of the hip. Furthermore, while the result may not have had any statistical significance, the observed improvement can still be meaningful in pro to elite sport, even a small improvement in jump height or power output can make a big difference in competition (Cormie, McGuigan, Newton, 2011).
Looking at tables 3 and 4, the effect size (Cohen’s d=0.59) indicates a moderate improvement in vertical jump compared to the standard deviation (2.25cm). The effect size with (Cohen’s d=0.66) and compared to the standard deviation (60.95W) for the Keiser leg press power also shows a moderate effect. Although this did not reach statistical significance, it suggests that even though lower limb power output and vertical jump height increased for many participants after Maitland Grade IV longitudinal caudad mobilisation applied to the hip, it still had an impact on power output and vertical jump height. The lack of statistical significance could be due to the small sample size, which prevents the result from reaching significance. With a larger sample, it is possible that joint mobilisation might be shown to improve power output. Brydges (2019) stated that, with a small sample size, the results need to be approached with caution, as having a study with a small sample size may show biased and misinterpreted outcomes.

These findings show that while the intervention of grade IV longitudinal caudad Maitland mobilisation may have had a small effect on lower limb power, the lack of statistical significance means it is important to approach these findings with caution.
This difference may be due to the Keiser leg press being a closed chain, with the feet are fix to the machine, in contrast the vertical jump needs a higher coordination, multi joint movement that requires not only power but good technique. It is possible that the Maitland grade IV mobilisation provided an acute improvement within the hip joint that was able to be recorded within a stable position rather than a unfix position (Schmidt, Coffey and Lorimer 2025). 

However, the findings link with the literature of Georgoulas et al. (2026) that suggest that improvements in arthrokinematics alone may be too small to have a statistically significant. This is seen within the result as a lack of strong statistical significance.  
When analysing individuals, some have shown greater improvements, see table 2, such as one individual whose pre jump height was 31.25cm, increasing to 35.6cm, indicating a significant improvement. On the other hand, another participant's jump height decreased from 30.81cm to 27.75cm. Sush differences may be due to the participant’s own response to receiving Maitland mobilisation, as observed within Studnicki et al. (2024) research, also showing that not everyone improved the same way.
Since there was still a slight improvement, this could be due to an enhancement in arthrokinematics, which might have decreased some form of joint stiffness within the hip, allowing for better force transmission through the hip joint (Johnson et al., 2022; Yakut and Tuncer, 2020)

You can see the same for the Keiser leg press power output from table 2, that one participant greatly improved from 756.5W to 923W, that is a 166.5W increase, on the other hand, another participant only increased from 670W to 673.5W with an increase of 3.5W, as well as see that three participants decreased as observed from 906.5 to 898, 687 to 673.5 and 682 to 648. 

With the difference in individual responses, as some individuals showed greater improvement in both vertical jump height and leg press power output, others either had little improvement or declined. This could be due to each participant’s factors, such as training style, fitness levels, and individual responsiveness to the intervention.
These results do not follow the same pattern as the literature, as within Assogba et al. (2025), Lahuerta-Martín et al. (2026) and Mehwish et al. (2023), as they have shown statistically significant results after reserving joint mobilisation.  
The difference between this study and previous studies, such as Assogba et al. (2025) focuses on clinical populations; this means that the baseline for participants in the previous studies was lower due to mobility and functional difficulties. Within healthy athletes are likely to have a higher baseline neuromuscular function, which leaves less room for measurable improvement (Brinkman et al. 2025).

Clinical Implications 

Despite the lack of statistical significance, the findings have several importance impact.
From a clinical perspective, the findings of this study could suggest that grade IV longitudinal caudad Maitland mobilisation of the hip may be useful as a short term intervention working alongside rehabilitation protocol, warm up or pre game, to enhance neuromuscular performance, as the finding of the pre and post vertical jump and Keiser leg press power output may bring on readiness for explosive movement. 
The moderate effect size shows that the intervention of Maitland mobilisation may be worth applying in a controlled setting, and sport therapy could potentially use these benefits to allow the neuromuscular improvement within clinic.

Limitation 

Several limitations must be acknowledged in this study. These include, firstly, a small sample size of only (n = 10), which means the results cannot be easily generalised to a larger population. Secondly, the limited time was a constraint; this may have reduced the depth of the study and prevented more thorough and detailed data collection with follow ups. Thirdly, uncontrolled variables that could have influenced the results, such as external factors like fatigue, sleep quality, and daily activity levels could not be fully accounted for. Additionally, the lack of a control group, the use of convenience sampling, and the focus on the immediate effect mean that the study did not assess long term outcomes.

To address these limitations, future studies should focus on a larger and more sample size to improve the findings. Allowing for a longer period of time to collect data could allow follow up assessments and more thorough data collection. Controlling for potential factors that can mess up the data, such as standardising activity levels or monitoring for fatigue, would help to minimise external influences on results. Adding a control group could strengthen the study design and reliability of findings. Finally, assessing both short term and long term effects would provide a better understanding of Maitland mobilisation on functional performance.

Future Research 

Future research should aim to focus on a larger sample size, as the statistical significance was over P=0.05. This could potentially improve the statistical power and allow for more conclusive findings. Additionally, adding a control group could help determine if the changes in results are due to the intervention of the Maitland mobilisation or a coincidence. 
Furthermore, future studies should focus on combining Maitland mobilisation of more than one joint, to see if greater improvement is to happen on functional performance. As well as looking at a longer direction of testing, this can look at the chronic effect of Maitland mobilisation on functional performance. 

The aims of this study were to investigate the immediate effect of Grade IV Maitland longitudinal caudad hip mobilisation on lower limb functional performance. Although the results did not support the aims, as there was no statistically significant effect of the intervention, even though there was some improvement in vertical jump and leg press power, it did not reach statistical significance.

Conclusion    

To conclude the findings of this study on grade IV Maitland mobilisation and its effect on functional performance measured by vertical jump height and power output on the Keiser leg press machine, there were some improvements, but they did not reach statistical significance.































Conclusion 
This study aimed to explore Maitland Grade IV longitudinal caudad mobilisation of the hip to see if it improves functional performance, measured by vertical jump on a force plate platform and leg power with the Keiser Leg Press A420. After the intervention of Maitland Grade IV longitudinal caudad mobilisation, it was shown that vertical jump height improved by 4.9% and power output improved by 5.9%. However, the changes in improvement did not meet statistical significance, that shows whiles measurable improvement has happened, they can not be linked directly to the intervention of the grade IV longitudinal caudad Maitland mobilisation. 

Despite the lack of statistical significance, the moderate effect size suggests that grade IV longitudinal caudad Maitland mobilisation may have a clinical impact on lower limb functional performance within the athlete population, where small improvements in power performance may still have a significant effect in competition (Cormie, McGuigan, Newton, 2011).

These findings suggest that Maitland mobilisation may have benefits when applied before warms up or rehabilitation to aid in enhancing neuromuscular performance and improving readiness for functional and explosive movements.

This study contributes to the limited evidence of research that looks at the effects of Maitland longitudinal caudad mobilisation of the hip on functional performance measures by vertical jump height and leg press power output in healthy athletic adults. 
The limitation of this study was the small sample size, which could have reduced the statistical power; additionally, the limited timeframe suggests that a longer period of intervention might further demonstrate the improvement.  

Future research should aim to include a larger sample size to enhance statistical power, conduct longer interventions to observe the long-term effects that Maitland mobilisation has, incorporate a control group, and potentially add exercise training alongside Maitland mobilisation.
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Appendices 
Table 1: pre and post Keiser leg press (W)
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Table 2: pre and post vertical jump height (cm)
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Table 3: Keiser leg press (W) SPSS data
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Table 4: vertical jump height (cm) SPSS data
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Paired Samples Statistics

Std. Error
Mean N Std. Deviation Mean
Pair 1 VAR00001 679.8000 10 112.13315 35.45962
VAR00002 719.9500 10 115.39917 36.49242
Paired Samples Correlations
Significance

N Correlation One-Sided p Two-Sided p
Pair 1 VAR00001 & VAR00002 10 .857 <.001 .002

Paired Samples Test

Paired Differences Significance
95% Confidence Interval of the

Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df One-Sided p  Two-Sided p

VAR00001 - VAR0O0002 -40.15000 60.95401 19.27535 -83.75387 3.45387 -2.083 .033 .067

Paired Samples Effect Sizes

95% Confidence Interval

Standardizer®  Point Estimate Lower Upper
Pair 1 VAR00001 - VAR0O0002 Cohen's d 60.95401 -.659 -1.333 .044
Hedges' correction 66.69842 -.602 -1.218 .041

a. The denominator used in estimating the effect sizes.
Cohen's d uses the sample standard deviation of the mean difference.
Hedges' correction uses the sample standard deviation of the mean difference, plus a correction factor.
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T-Test

Paired Samples Statistics

Std. Error
Mean N Std. Deviation Mean
Pair 1 VAR00003 27.3710 10 3.14907 .99582
VAR00004 28.7070 10 4.08508 1.29182
Paired Samples Correlations
Significance

N Correlation One-Sided p Two-Sided p
Pair 1 VAR00003 & VAR00004 10 .837 .001 .003

Paired Samples Test

Paired Differences

Significance
95% Confidence Interval of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df One-Sided p Two-Sided p
Pair 1 VAR00003 - VAR00004 -1.33600 2.25244 .71228 -2.94730 .27530 -1.876 9 .047 .093

Paired Samples Effect Sizes

95% Confidence Interval

Standardizer®  Point Estimate Lower Upper
Pair 1 VAR00003 - VAR0O0004 Cohen's d 2.25244 -.593 -1.256 .096
Hedges' correction 2.46471 -.542 -1.147 .088

a. The denominator used in estimating the effect sizes.
Cohen's d uses the sample standard deviation of the mean difference.
Hedges' correction uses the sample standard deviation of the mean difference, plus a correction factor.




