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Abstract

Background
Although Grade IV passive ankle dorsiflexion Maitland manual therapy (DPMT) is frequently used to improve joint mobility, little is known about the direct relationship between DPMT on ankle dorsiflexion range of motion (ROM) explosive power, and long-term ROM effects. This study investigates how Grade IV DPMT affects ankle range of motion in the short term, how it affects vertical jump performance, and how it affects ROM over a three day period post-treatment.

Methods 
10 physically active participants (6M and 4F), with a mean average age of 27.4 years, SD ± 9.64 (range: 21-50) was utilised during the study and a quantitative experimental design was used to evaluate the impact of Grade IV DPMT on vertical jump height and dorsiflexion range of motion in the short term and long term. Pre-intervention, just after the intervention, and one, two, and three days after the intervention were all times when measurements were taken. A paired sample t-test was used to analyse changes in ROM and vertical jump height. 

Results
The findings showed that both ankles' dorsiflexion range of motion significantly improved directly after the intervention (p < 0.001), with mean differences of -9.4° (SD = ±1.8) for the right ankle and -10.39° (SD = ±1.77) for the left. Up to two days after the intervention, these gains persisted (p < 0.001), but by Day three, the results became non-significant (p = 0.443). Also, there was no discernible increase in vertical jump height after the intervention (p = 0.121).

Conclusion
While Grade IV DPMT is a useful short-term treatment for increasing ankle dorsiflexion range of motion, its effects usually wear off within three days. The technique had no discernible effect on explosive power, suggesting that while flexibility might increase, more training methods would be needed to improve jump performance. The physiological processes behind DPMT and the long-term consequences of repeated administrations should be investigated in future studies.
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1. [bookmark: _ckk8ka3xiw85]Introduction

Human movement is a complex interaction of numerous considerations including biomechanics, neuromuscular control, and physiological adaptations. The ankle joint is a crucial element that helps perform everyday activities such as walking, running, and jumping. Among its various movements, dorsiflexion is a distinctive movement that only the ankle can perform. This motion, which involves pointing the foot towards the shin, helps with walking, maintaining balance, and performing dynamic movements such as running and jumping which are vital for daily activities and athletic performance (Purevsuren et al., 2018). 

There are a variety of ways in which therapists can manipulate joints around the body without the client’s active involvement. Research on the effects of passive manual therapy (PMT) on ankle dorsiflexion range of motion (ROM) is well researched and backed, Taylor et al. (2023) reported that ankle joint mobilisation resulted in a change score of 0.51 ± 0.76, with a statistically significant p-value of 0.003. However, there is minimal research on the effects of PMT on explosive power, leaving a gap in the research that will be assessed during this research project.

The Maitland graded mobilisation system, which has five levels (Hengeveld and Banks, 2013) was used during the research, however, the research paper only focuses on Grade IV.  
Grade I is a small amplitude movement at the beginning of the range of motion. Grade II is a larger amplitude movement from the beginning to the middle of the range. 
Grade III is a large amplitude movement starting at midrange to the end of the available range. 
Grade IV is a small amplitude movement at the end of the available range. (Van Duijn and Shamus, 2017, pp. 4–5) . Grades I-II aim to alleviate pain, and grades III-IV aim to increase the range of motion as stated by (Yin et al., 2022). The research around Maitlands graded system can help therapists precisely select these treatment options to increase mobility.

According to Manganaro and Alsayouri (2020) the ankle joint functions as a hinge synovial joint, consisting of the talocrural, tibia, calcaneus and fibula articulations. 
They work together to help with a variety of movements that include inversion, eversion, dorsiflexion and plantarflexion which are all movements only capable at the ankle joint. These movements then in hand are extremely crucial for gait mechanics (MacCabe et al., 2024). Dorsiflexion movement towards the shin not only plays a critical role in basic mobility but it also serves as a key factor in all athletic performance, that involves explosive actions such as sprinting, jumping, and rapid directional changes (Shamsulariffin Samsudin, Safura Salihan and Kasim, 2025). According to (Fong et al., 2011) limited ankle range of motion (ROM) can have a negative impact on force absorption, reduce movement efficiency, and increase the likelihood of injuries throughout the lower kinetic chain, these statements highlight the need the use of good mobility in the ankle joint, helps with day-to-day tasks such as walking and standing, athletic performance and also having a role in the reduction of injury.

Although PMT is commonly used throughout the therapy world in clinical and athletic contexts, the link between PMT, ROM and explosive power is unclear. Despite some studies like Kawakami, Kanehisa and Fukunaga (2008) suggesting how passive physiological dorsiflexion improves tissue flexibility, reduces muscle tension and improves gait mechanics, the findings on the effects of PMT on explosive power were limited.

This research project aims to investigate the effects of dorsiflexion passive manual therapy (DPMT) on ROM at the ankle, explosive power and the effects of DPMT over three days. The research paper offers vital insights into the possibility of DPMT improving these outcomes, the study will specifically focus on:
· Assess how passive manual therapy affects dorsiflexion ROM 
· Observe any changes in power post-manual therapy
· Analyse any long-term effects of PPMT on ankle range of motion 
The findings of the study offer practical benefits for therapists or individuals with ankle issues who aim to enhance mobility at the joint. Using evidence-based research and real-life testing will help any individual who is seeking to find these benefits from this type of therapy. Contributing to the research around DPMT understanding the effects it has on ROM, explosive power and the effects three days post-treatment.

















2. [bookmark: _3yyi0e17j076]Literature review
[bookmark: _l1bnh2ddw2cx]This literature review will focus on Maitland Manual Therapy (MMT), and examine the research on the influence of DPMT or similar studies surrounding the effects of manual therapy on ROM and explosive power. It starts by evaluating the research most relevant to the study, examining the effects of manual therapy on ROM and explosive power. The review then analyses different topics associated with the research, although each section becomes less relevant to the study’s topic but still has a link towards the study. These findings will help give a bigger picture to the reader’s and researchers' knowledge around the topic, evaluating any advantages and disadvantages and discovering any gaps noted within other research. The review then concludes with a discussion of the findings of the research, highlighting the effects of DPMT on ROM and explosive power, helping lay the groundwork for future research.
[bookmark: _yuqlp7kfidun]2.1 The Benefits of Manual Therapy for Increasing Range and Power
The possibility of passive physiological manual treatment (PPMT) to improve power output and range of motion (ROM) has not directly been investigated, although a systematic review by Pfluegler, Kasper, and Luedtke (2020) conducted a review that included 17 studies on passive joint mobilisation and found that it has a short-term impact on muscle function. This study showed the maximal muscle in asymptomatic individuals was slightly improved, although the effect on symptomatic individuals was not clear. Despite this, the review also highlighted issues with the study’s methods, putting doubt on the quality and consistency that may have had an impact on the reliability of the results. These results highlight that more research is essential to understand the argument on the effects of manual therapy on explosive power, although it mentions a positive impact, the unreliability of the methodology may have hindered the results.
[bookmark: _f2s3efqtco]2.2 Maitland Manual Therapy for Improving Ankle Range of Motion
Maitland manual therapy is a popular mobilisation technique within the therapy world which is aligned with the research. A randomised crossover design was used in a study by Taylor et al. (2023) to assess how calf muscle massage and ankle joint mobilisation affected dorsiflexion in those who had previously sustained lower limb injuries. The results showed that both therapies significantly improved dorsiflexion, with no discernible difference between them. This suggests that Maitland mobilisation is a good way to increase ankle range of motion as previously supported by Taylor et al. (2023) stating that ankle joint mobilisation resulted in a change score of 0.51 ± 0.76, with a statistically significant p-value of 0.003.
Similarly, Ravichandran and Janakiraman (2021) conducted a meta-analysis evaluating the effects of ankle mobilisations on individuals recovering from a chronic stroke. A positive impact on gait-function and dorsiflexion range of motion was supported by their results, supporting the influence of Maitland mobilisation techniques on ROM. Together, these studies both highlight and support how Maitland mobilisations have positive impacts on improving ROM, providing therapists with the knowledge that these techniques are beneficial for providing the outcome of improving ankle dorsiflexion ROM.
[bookmark: _nw7on9j79v3e]2.3 Maitland Manual Therapy's Use for ROM Improvement (non-ankle)
Pozgai et al. (2021) evaluated how Maitland manual therapy influenced individuals with osteoarthritis in the knee, the results highlighted a significant improvement in functional mobility as well as a reduction in pain. Furthermore, Rangey, Sheth, and Vyas (2015) also analysed Maitland mobilisation on osteoarthritis in the knee and further supported the positive impact on range of motion. 
Despite their findings not signalling a positive impact on ankle range of motion they highlight a positive effect of Maitland mobilisations on improving range of motion. Linking to the research as the research aims to evaluate the impact of Maitland mobilisation on improving range of motion.
[bookmark: _o3a2kpsuzeiz]2.4 Exploring the Impact of Manual Therapy on Explosive Power
The evidence surrounding Maitland manual therapy’s impact on explosive power is extremely limited, this may be due to the use of Maitland manual therapy being used for rehabilitation, not performance. Hall (2016) provided insight into the effects of osteopathic manual therapy influence on vertical jump performance, their results found that the intervention has a positive impact on upper body ROM, which in-hand increased power production. Furthermore, Miles (2016) suggests that greater clubhead speed and movement efficiency were greatly improved due to the effect of osteopathic treatment as clubhead speed is linked to power; this shows a positive effect on power. In addition, Mosler, Blanch, and Hiskins (2006) conducted a four-week manual therapy program aimed at improving hip range of motion in water polo athletes with a focus on the lower body. Significant increases in hip mobility were noted, and these were connected to prospective increases in jump height. Although the previous studies suggested a positive effect of different mobilisation techniques on explosive power Bartík and Pacholek (2024) looked at the effect of massage on lower limbs and saw no discernible effects.
Despite these results not highlighting the impact of Maitland mobilisation on explosive power they highlight the possibility of other manual therapy techniques having a positive influence on explosive power. This provides knowledge that there is a possibility that Maitland mobilisation may have a positive impact on explosive power. Considering the negative results is also a vital factor as it provides the knowledge that there is a possibility of Maitland manual therapy having no impact on explosive power.
[bookmark: _tdckinx4xva1]2.5 Limitations and Difficulties with Manual Therapy
Despite the numerous benefits of Manual therapy, certain limitations that need to be acknowledged, explosive power and long-lasting effects are some of the considerations which are poorly researched. A meta-analysis by Ravichandran and Janakiraman (2021), found inconsistent results in timed functional tests but good effects on ankle dorsiflexion ROM, these results were found within chronic stroke patients. The findings in this meta-analysis point to the necessity of further research on the effects of manual therapy on explosive power and to fully understand if there are any longer-lasting effects.
[bookmark: _rj5q05d5avkc]2.6 Maitland Manual Therapy’s Impact on Athletic Performance
For athletes to perform at their peak, good mobility is essential. Maitland manual therapy has become a useful technique within the therapy world for improving mobility and the ability to functionally move as backed by the previous studies.  Mosler, Blanch, and Hiskins (2006) viewed how a four-week manual therapy program focused on hip range of motion affected top water polo players. 
Although this study focused on the hip joint, the results provided a positive insight into the impact of Maitland manual therapy on improving range of motion and explosive power. These results indicate that despite focusing on the hip, there is a possibility that Maitland manual therapy will have a positive impact on explosive power correlating with the research project. 
[bookmark: _b4bca8fw18dk]2.7 Linking Researchers, Practical Application of Rehabilitation Knowledge
The research indicates that incorporating Maitland manual therapy into rehabilitation will have a positive effect on patient outcomes. Yin et al. (2022) support the notion that Maitland manual therapy along with conventional rehabilitation techniques has a positive effect on ROM. However, Bart and Pacholek (2024) showed that activation and percussion massage had no noticeable effects on lower limb explosive power, indicating that not all manual therapy is created equal. This difference in the research indicates how crucial it is for therapists to select the correct techniques. With the research also supporting the fact that other techniques may be superior to Maitland such as Mulligans’, Maitland will still be utilised within this study as it is a widely used technique while also considering the researcher’s knowledge and experience around Maitland techniques.
[bookmark: _kwgjrdw8o289]2.8 Summary of Key Findings
Taylor et al. (2023) and Norouzi et al. (2021), both demonstrate the efficacy of passive joint Maitland mobilisations having a positive impact on the range of motion. The review has also discovered that dorsiflexion improvements from manual therapy are advantageous for athletes who utilise this joint frequently (Ravichandran & Janakiraman, 2021). Maitland manual therapy techniques have also been proven to improve several body parts' range of motion such as the knee (Pozsgai et al., 2021), hip (Mosler, Blanch & Hiskins, 2006) and the shoulder (Kumar et al., 2012). All these results correlate to the research as they all show an improvement in range of motion.
Although, the direct link between manual therapy and explosive power is still unclear, even though it has been shown to increase joint mobility. Studies such as Hall (2016), indicate that osteopathic therapies had a positive impact on vertical jump height. However, other research such as Bartík & Pacholek, (2024) demonstrates that there is no immediate impact on performance. This difference in the research suggests that despite manual therapy having a positive impact on improving neuromuscular function and joint mobility, their influence on explosive power is uncertain.
Both symptomatic and asymptomatic individuals' muscular function may be assessed by passive joint mobilisation, according to Pfluegler, Kasper, and Luedtke (2020). The results correlate to the research paper as the research has a focus on asymptomatic individuals, the results show participants with symptoms showed a modest increase in maximum muscular strength, while those without showed a decrease in muscle activation. These results highlight the need to further investigate the effects on power as this study only focuses on strength and shows some improvement in that aspect.
[bookmark: _6gh390ppnfl6]2.8.1 Finding the Literature's Gaps
The research surrounding Maitland mobilisations influence on explosive power is lacking, despite the numerous amounts of evidence surrounding its efficiency in improving ankle dorsiflexion range of motion. Hall (2016) and Miles (2016) both showed a positive impact on manual therapy’s effects on power performance. However, there is no research on the specific techniques of this study on influencing explosive power at the ankle joint. This gap offers a great opportunity for future research to exploit this gap that if improving ankle dorsiflexion via Maitland manual therapy in hand positively impacts explosive power in the joint. 
Furthermore, the majority of previous studies on manual treatment and explosive power have concentrated on alternative techniques such as Mulligan mobilisation (Norouzi et al., 2021) and percussion massage (Bartík & Pacholek, 2024). However, there hasn't been any research done directly comparing Maitland mobilisation with these methods, so it's uncertain which strategy would work best for increasing power and ROM. Furthermore, the majority of research studies show the instant impact of manual therapy on improving the range of motion, evaluating any longer-lasting benefits of Maitland mobilisation is not covered which leaves another gap in the research that the paper aims to discover.
[bookmark: _svmiuhqldx3z]2.8.2 Practical Consequences of the Study
The results of the literature review indicate that Maitland manual therapy is a useful strategy for enhancing the dorsiflexion range of motion which is beneficial for the general public to athletes. Rabin, Portnow and Kozol (2016) suggest that ankle sprains, tendinopathy at the ankle and knee pain are among the links to poor dorsiflexion range of motion. Improving these ranges of motion by utilising effective techniques such as Maitland manual therapy can help therapists add regimens to help with the prevention of these injuries.
This supports the idea that improving ankle mobility could potentially improve force production, which makes it a promising area for future research. Despite there being a lack of evidence on the influence of these techniques on improving explosive power, these results highlight that individuals working within this sector can successfully select these treatment options in order for injury prevention or incorporated into rehabilitation programmes.
Furthermore, athletes such as semi-professionals have limited access to consistent treatment from therapists, unlike professionals. Learning how to do specific passive joint mobilisation on their own would be a great alternative as research such as Stanek & Pieczynski, (2020) support the notion that these methods can enhance the range of motion, making it an affordable way to improve lower limb function. 
To summarise, the well-established advantages of Maitland manual treatment in enhancing dorsiflexion range of motion are highlighted in this literature review, but the emphasis is on the need for further investigation on how it affects explosive power.



3. [bookmark: _d0wf52m1pmkn] Aims
The primary aim of this research project is to investigate the effects of DPMT on ROM and explosive power, as well as assess any potential long-term effects on ROM. Given the vital importance of joint mobility in sports performance, the final goal of this study is to give correct insights on whether DPMT offers advantages in these aspects. The specific aims of this study are:
· To assess the immediate effects of PPMT on ankle ROM- This will assess whether a single session of PPMT results in increases in mobility and flexibility.
· To assess the impact of PPMT on explosive power- By examining changes in the vertical jump, this study aims to understand if an increase in ROM influences power output.
· To investigate the effects of PPMT on ROM 3 days post-treatment- This will assess if one session of PMMT influences ROM for more than one day.
Considering the aims of the research project, three hypotheses are made based on the study's objectives:
H1: Immediately following treatment, Maitland passive manual therapy (DPMT) will result in a notable improvement in ankle range of motion (ROM).
H2: By improving ankle mobility, Maitland passive manual therapy (DPMT) will improve explosive power.
H3: Maitland passive manual therapy's (DPMT) long-term effects on ankle range of motion (ROM) will be sustained.
Furthermore, to evaluate if DPMT has a negative or no effect on ankle range of motion and explosive power, considering three null hypotheses is crucial in evaluating the outcomes:
NH1: Ankle range of motion (ROM) will not significantly improve with Maitland passive manual therapy (DPMT) right after treatment.
NH2: By increasing ankle mobility, Maitland passive manual therapy (DPMT) won't increase explosive power.
NH3: Maitland passive manual therapy (PPMT) will not have a lasting impact on the ankle range of motion (ROM).















4. [bookmark: _6rznxrb6ssa6] Methods
[bookmark: _amidsjqdyeh6]4.1 Participants
This study recruited 10 physically active participants (6M and 4F), with a mean average age of 27.4 years, SD ± 9.64 (range: 21-50). Participants were selected from the following. Participants were brought in using a convenience sampling technique, which entailed finding individuals who were available and willing to take part all selected participants were students at the University of Wales Trinity Saint David ensuring the following inclusion criteria were met:
· No previous or current history of ankle issues 
· No previous or current history of any musculoskeletal conditions such as arthritis
· No pain or inflammation at the ankle
· Recreationally active
· Available to attend all sessions for the research project.
Exclusion criteria:
· History of ankle conditions 
· History of musculoskeletal conditions
· Pain and inflammation in the ankle 
· Current or recent lower limb injury
· Sedentary individuals 
· Contraindications to Manual therapy (e.g osteoporosis)
· Unavailable to attend all required sessions 
[bookmark: _bzhlmg9syukc]4.2 Study design 
Participants were assessed using a repeated-measures technique before and after receiving DPMT. Each variable was subjected to paired-sample t-tests to examine the impacts of the intervention. These tests were used to compare baseline measurements with immediate post-treatment outcomes and evaluate sustained effects over three days. The study variables included:
1. Baseline ankle dorsiflexion (no DPMT)
2. Baseline vertical jump (no DPMT)
3. Immediate effects of DPMT on ankle dorsiflexion ROM
4. Immediate effects of DPMT on vertical jump
5. Long-term dorsiflexion (3 days post-DPMT) 
[bookmark: _6269lxny29mi]4.3 Procedures
Each participant was tested twice for ankle dorsiflexion ROM and vertical jump, with a one-week interval in between sessions to ensure nothing from the first set of testing hindered the next. A Gem Red Digital Goniometer (Gemred, 2023) was used to acquire baseline ankle dorsiflexion measurements. To ensure consistent testing throughout, participants lay flat and supine with their ankles 15 cm off the bed. The stationary arm of the goniometer pointed to the direction of the digitus minimus pedis (little toe), and the bottom of the goniometer where the line meets was placed on the lateral malleolus (outside ankle) with the ankle in a relaxed position. After giving instructions to passively dorsiflex their ankles, the digitus minimus pedis' new location was measured in relation to the beginning resting position.
Vertical jump was assessed using a Takie Jump meter (T.K.K.5406), the band was secured across the anterior superior iliac spine (ASIS) to keep consistency throughout all tests. Participants kept their hands on hips throughout the movement to eliminate any arm-swinging influence. The participants then executed a single-motion jump from a 45-degree position with zero pauses, which prevented a focus more on plantarflexion activation. The Takie Jump meter recorded the height of the jump by measuring the displacement of the wire from its starting position. Three jumps were measured and a two-minute rest interval was done between each jump, and the highest recorded jump was taken for analysis.
[bookmark: _fx0r18mh11x5]4.4 Intervention
After the week break and initial assessment of dorsiflexion ROM and vertical jump, participants underwent three sets of 60-second Grade IV Maitland Passive Physiological mobilisations on both ankles with a one-minute rest in between. Holland, Hughes and De Ste Croix (2020) conducted a systematic review of thirty, sixty and one hundred and twenty-second treatment of DPMT and found that there was no significant difference in results between thirty seconds, sixty seconds and one-hundred and twenty seconds. 
[bookmark: _g1rqzqip0xz7]4.4.1 Post-Treatment measurements
Both ankle dorsiflexion ROM and vertical jump were measured post-intervention, with the same methods as previously mentioned.
[bookmark: _extwll62jdjy]4.4.2 Three days post-treatment follow-up
To determine if DPMT has any longer-lasting effects, 3 days post-intervention participants came back to re-measure ankle dorsiflexion ROM using the same goniometer method. Results for this were only gathered from the same ankle that had the highest dorsiflexion ROM score post-intervention for each participant.
[bookmark: _pp7183yw5dqv]4.5 Ethical Considerations
Prior to recruiting, ethical approval was acquired following guidance from the UWTSD (UWTSD, 2022) and the Society of Sports Therapists (Society of Sports Therapists 2012) ethical guidelines. Key ethical principles such as informed consent, participant confidentiality, knowledge of the research project and the right to withdraw at any time were strictly followed by both sets of guidelines. Informed consent was acquired from each participant at the start of the research after being educated about the research project including its benefits and potential risks. Participant confidentiality was assured to all participants and was kept throughout the project storing all data in a personal cloud that only the researcher has access to, and the freedom to leave the research project at any time was also made available to all participants.  
[bookmark: _seesv3knbfhr]4.6 Data analysis 
All data and analyses were done by IBM Corp. (2023) IBM SPSS Statistics Version 29.0.1.0. Armonk, NY: IBM. Descriptive statistics. Data was represented as mean ± standard deviation and the P value was computed for each measured variable as part of statistical analysis. To ensure that parametric testing was correct, SPSS was utilised to evaluate the data’s figures. The pre and post-intervention outcomes were both measured using a paired sample t-test, focusing on the differences in ankle dorsiflexion ROM and vertical jump performance from the individuals. To assess the intervention’s immediate and long-term benefits, baseline and post-intervention dorsiflexion, baseline and post-intervention vertical jump height and post-intervention versus three days post-intervention were used only comparing results from the highest degree of dorsiflexion ROM evaluated for its three-day effects.
[bookmark: _4vslh1q7uz52]4.7 Rationale for methodical choices
As typical force platforms can produce varied findings based on whether the participants alter the knee flexion mid-air or landing mechanics, a Takie Jump meter (T.K.K.5406) device was used to analyse vertical jump performance. The wired technique gives more accurate and consistent results when it comes to vertical jump height as it measures from the hips, not the feet. At the bottom of the jump, all participants performed a single leap action with no pause to keep the testing consistent. Reducing the pause at the bottom puts less emphasis on plantarflexion activation which hopefully allows dorsiflexion to have more of a significant impact on the jump height. To ensure that no results from the first set of testing hindered the next, a one-week washout period was used.

[bookmark: _myuvlxktgbtp]













[bookmark: _2zsaoy8dqwgo]5.0 Results
The ten original individuals who were chosen for the research, all stayed for the duration of the project (6M and 4F), with a mean average age of 27.4 years, SD ± 9.64 (range: 21-50). This aided with any problems with missing data or participant withdrawals.
[bookmark: _od1ti66pzcdj]5.1 ROM Pre and Post PPMT
Fig. 1[image: ]






Table. 1  
	
	
	95% Confidence Interval of the Difference 
	

	
	Mean
	Std. Deviation
	Std. Error Mean 
	Lower
	Upper
	t
	df
	Sig (2 tailed)

	Dorsi Pre L- Dorsi Post L
	-10.39
	1.77103
	0.56005
	-11.65692
	-9.12308
	-18.552
	9
	<0.001

	Dorsi Pre R- DOrsi Post L
	-9.4
	1.8
	0.56921
	-10.68764
	-8.11236
	-16.514
	9
	<0.001


There was a significant effect of PPMT on the left ankle shown in Table. 1, with scores showing a notable decrease in pre-intervention scores in comparison to post-intervention (M = -10.39, SD = 1.77), t(9) = -18.55, p = 0.001. Similarly, a significant reduction was observed in the pre-intervention score of the right ankle compared to the right (M = -9.40, SD = 1.80), t(9) = -16.15, p = 0.001.
Cohen's D was used to help assess the significance of the intervention was calculated by D= Mean difference➗SD of the difference. According to Cohen guidelines (Cohen, 1988), a D value of 0.2 shows a small effect, 0.5 a medium effect, and 0.8 or higher a large effect. D= -10.39➗1.77 was calculated to get a value of 5.87 for the left and D= -9.40➗1.80 gave a result of 5.22 for the right. 
The bar chart (Fig.1), gives a visual understanding of the results. Left ankle dorsiflexion pre-intervention came to 46.16 and right ankle dorsiflexion pre-intervention resulted in a mean of 44.76. The same method was used for the post-intervention results, dorsiflexion post-intervention left 56.55, dorsiflexion post-intervention right 54.16. The left two bars represent the mean average of the left and right dorsiflexion range of motion pre-intervention, with the right two bars representing post-intervention. 
[bookmark: _atrtap9exxpc]5.2 Pre and Post-intervention Vertical Jump
Fig. 2
[image: ]
Table. 2

	
	
	95% Confidence Interval of the Difference 
	

	
	Mean
	Std. Deviation
	Std. Error Mean 
	Lower
	Upper
	t
	df
	Sig (2 tailed)

	Vertical Jump Pre- Vertical Jump Post
	-9.0
	1.66333
	.52599
	-2.08987
	.28987
	-1.711
	9
	0.121



The vertical jump scores before and after the intervention were graphically represented using a bar graph (Fig. 3). The average score before the intervention (left bar) was 41.3 cm, while the average score after the intervention (right bar) was 41.6 cm. The scores before and after the intervention differed by 0.3 cm indicating there was no significant impact of the intervention. 
Table .2 showed a confidence interval of -2.09 to 0.29, t(9) = -1.71, p = 0.121, indicating that there was no significant difference in vertical jump ability between pre-and post-test measurements (M = -9.00, SD = 1.66, SE = 0.53).







[bookmark: _gliw33girm2f]5.3 Long-lasting Effects of PPMT on Range of Motion
Table. 3
	Participant
	Dorsi Pre L
	Dorsi Pre R
	ROM Day 1
	ROM Day 2
	ROM Day 3

	1
	45.3
	43.7
	54.2
	50.3
	46.2

	2
	43.5
	45.6
	52.6
	48
	45.5

	3
	50.2
	47.5
	53.3
	51.4
	50.5

	4
	43.2
	44.7
	51.7
	48.7
	45.3

	5
	45.6
	43.5
	50
	48.3
	46.8

	6
	53.5
	52
	60.2
	57.4
	53.3

	7
	47.5
	42.5
	53.5
	48.5
	46.5

	8
	43.6
	42.3
	48.7
	45.3
	43.5

	9
	42.5
	40
	49.5
	45.2
	42.7

	10
	46.7
	45.8
	53.4
	49.7
	46.5
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Table. 4 

	
	
	95% Confidence Interval of the Difference 
	

	
	Mean
	Std. Deviation
	Std. Error Mean 
	Lower
	Upper
	t
	df
	Sig (2 tailed)

	Best Pre D.FLx- ROM Day 1
	-6.19
	1.62648
	.51434
	-7.35352
	-5.02648
	-12.035
	9
	<0.001

	Best Pre D.FLx- ROM Day 2
	-2.76
	1.27819
	.40420
	-3.67436
	-1.84564
	-6.828
	9
	<0.001

	Best Pre D.FLx- ROM Day 3
	-1.6
	.63105
	.19956
	-.61142
	.29142
	-.802
	9
	.443



The results from Table. 3 shows the results from all participants, which interlinks into the bar chart (Fig.3 ). Dorsiflexion range of motion (ROM) development from before the intervention to three days after the intervention is shown visually in Figure. 3. The variation in dorsiflexion scores is depicted as a bar for each participant, which shows a significant increase from the pre-intervention phase to ROM Day one and ROM Day two, followed by a mix of decline and incline on ROM Day three, which is closer to the pre-intervention data also correlating to the results (Table. 3). 
According to the results (Table. 4), the Dorsiflexion range of motion improved significantly from the pre-test scores to Day one post-DPMT (M = -6.19, SD = 1.63, SE = 0.51), with a 95% confidence interval between -7.35 and -5.03 (t(9) = -12.04, p < 0.001).
Comparably, there was a substantial improvement from the pretest to Day two (M = -2.76, SD = 1.28, SE = 0.40), with a t(9) = -6.83, p < 0.001 confidence interval of -3.67 to -1.85. Cohen's D was also calculated at  -2.16 indicating a very large effect size.
With a confidence range spanning from -0.61 to 0.29, t(9) = -0.80, p = 0.443, the change from the pre-test to Day three was not statistically significant (M = -1.60, SD = 0.63, SE = 0.20). Cohen's D was also calculated at -0.25 showing a small effect size.

















[bookmark: _gyouqegbx80f]6.0 Discussion 
[bookmark: _wtx5duy5svgm]6.1 Key findings 
The significant improvement in the dorsiflexion range of motion with mean differences of -10.39° for the left ankle, -9.4° for the right and a significant p-value of <0.001. These results all support how well Grade IV Maitland passive dorsiflexion manual therapy influenced ankle dorsiflexion range of motion, with both ankles exhibiting proportional benefits supported by these results, indicating the intervention had a positive effect on the outcome.
Furthermore, despite the improvement of the intervention on range of motion, the vertical jump performance saw no improvement. The results highlighted a mean difference of -0.90cm and a p-value of 0.121 which all suggest that there were no noticeable increases in explosive power, which supported the null hypothesis that the intervention does not influence on vertical jump. These results all highlight that where DPMT had an improvement in range of motion, it had no direct effect on increasing lower limb power. 
When it comes to the longer-lasting effects of the range of motion, Day one and Day two had results of -6.19° (day one) and -2.76° (day two) compared to the pre-intervention scores, a p-value of <0.001 was found for both days. These results all support that DPMT had a positive effect two days post-treatment when compared to the original dorsiflexion scores. However, a p-value of 0.443 and a mean difference of -0.16° for Day 3, indicates that the effects of the intervention had disappeared by that time. Furthermore, Cohen's D score of -0.25 further supports the disappearance of the results by this time. In summary, the results show how DMPT has a positive effect on the range of motion within two days post treatment but they diminish by day three.
[bookmark: _yj1a1ytbqr8]6.1.1 Relationship of findings to previous studies 
The positive effects of DPMT on ROM align with the research in the literature review from Taylor et al., (2023) and Ravichandran & Janakiraman (2021) as both studies highlight the positive influence of joint mobilisation on improving the range of motion. In addition, the gap in the research of any longer-lasting effects of DPMT on ROM was exploited during this study, where the results showed that after 3 days the effects had disappeared. 
Furthermore, despite the results aligning with the positive effects on ROM, the study conflicted with the research (Pfluegler, Kasper and Luedtke 2020) on the outcome of improving mobility having a positive influence on explosive power. Similarly, the current study disputes the findings of Miles (2016) and Hall (2016), who discovered that superior ankle mobility resulted in better jump mechanics and higher total power production. Furthermore, according to Mosler, Blanch, and Hiskins (2006), Regno et al. (2021) and Pacholek (2024) who also highlighted the importance of mobility-focused interventions in improving lower-limb explosiveness, their final findings were also observed to not compare with the study. 
To conclude, the study emphasises how Grade IV DPMT has short-lived effects on ROM. These results show that DPMT does have an immediate impact on providing a positive influence on ROM which supported the previous studies of Taylor et al., (2023) and Ravichandran & Janakiraman, (2021), but the effects wore off after three days if there were no continuous treatment. The findings of this study also identified the gap that was previously mentioned in the study trying to identify if there were any longer-lasting effects of manual therapy on ROM; the study demonstrated that the effects of DPMT are minimal when it comes to long-term effects on range of motion. Furthermore, the current study also provided results that contraindicated previous studies on the impact of improving mobility on improving explosive power (Pfluegler, Kasper, & Luedtke, 2020; Miles, 2016; Hall, 2016; Mosler, Blanch, & Hiskins, 2006; Regno et al., 2021; Pacholek, 2024). These results highlight how mobility by itself does not have an impact on explosive power in the lower limb region, providing insight that incorporating different training regimes such as plyometrics and strength training may be utilised to see an improvement in explosive power.
[bookmark: _den2k1vwag1a]6.2 Practical implications of the findings for Sports Therapists  
The results highlight how Grade IV PPMT may be beneficial in being included in rehabilitation programs for improving ankle dorsiflexion in the short term. These findings could be particularly helpful for sports therapists, physiotherapists or anyone within the rehabilitation field seeking to help athletes or the general public recuperating from lower-limb injuries who require improved flexibility during rehabilitation. As the benefits wore off after three days, the research indicates the criticality of planning frequent DPMT sessions to maintain the improvements in ROM. The findings of this study can be specifically beneficial to therapists who work within a semi-professional environment as they do not have time with players compared to therapists in a professional environment. The results showing that the effects last up to two days is especially helpful for these therapists within a semi-professional environment as they do not see their players as often as therapists in professional clubs.
In addition, the findings of this study advance knowledge on the effects of Maitland passive physiological dorsiflexion. The study demonstrated that although Grade IV DPMT is beneficial for improving range of motion the effects of explosive power are zero. The results from this study can help other researchers and therapists who want to evaluate the effects of DPMT on ROM and explosive power, the study revealed that there was a significant impact on ROM but there were no recognisable effects on explosive power. These results can help therapists select the best choice of therapies when trying to enhance mobility, it will be possible to make better decisions by being aware of the rulings of the study’s discoveries.
[bookmark: _21qbm4f6kgpv]6.3 Strengths of the study 
The study has a variety of key strengths that helped the study’s validity and reliability. Firstly, to support the correctness and dependability of the results, this study uses an effective and carefully planned experimental design evaluating the pre to post-intervention scores, by including effective size calculations and paired sample t-tests. These statistical methods help assess differences within the sample and provide insight into the accuracy of the findings. By using this all-encompassing approach, the research ensures more dependable outcomes, which makes the findings credible. 
Secondly, this study has successfully and strongly identified information and statistics to back that one session of three sets of Grade IV PPMT has no significant impact on explosive power but has a strong correlation with ROM from utilising the experimental design of the study by incorporating it into a paired sample t-test helped to achieve these results successfully.
Another strength of the study is that all participants had gone through identical procedures to guarantee consistency throughout the testing period. All participants executed a single-motion jump from a 45-degree angle with all participants making sure their hands were on their hips. Furthermore, all participants had three sessions of one-minute Grade IV DPMT, with a minute rest between each set for each ankle. Also, ensuring that the ankle was 15cm off the bed was  executed to ensure validity and consistency. Keeping these same procedures throughout the study guaranteed that all participants followed the same procedures, which as mentioned kept consistency throughout the testing process which kept the dependability of the results.
Moreover, this study successfully filled the gap in the research by identifying the effects of Grade IV DPMT change over time. Despite manual therapy being frequently studied, not much research has been done to evaluate if there are any longer-lasting improvements in ROM and for how long. The results of this study successfully identified this gap, and discovered that multiple treatments would be needed in order to maintain the progression of ROM, which is beneficial for individuals within the rehabilitation sector seeking a further understanding surrounding this topic. 
Finally, taking into account the practical significance of the findings using Cohen’s D, p-values, and mean differences all aided in providing an in-depth analysis of the intervention's effectiveness for all variables. This method helps with guaranteeing validity and significance in practical applications.
[bookmark: _hmkcfmg043c6]6.4 Limitation to the study 
Despite the study providing numerous strengths, it does include a variety of limitations. Firstly, the small sample size of the group could limit how broadly the results can be applied. The study's conclusions would be strengthened and its statistical reliability would be improved by increasing the sample size. Also, there were only 10 physically active participants in the study, and their ages ranged from 21 to 50 years old (mean age 27.4, SD ± 9.64). Therefore, the results might not apply to other groups, such as sedentary people, elderly people as the average age was 27.4 which is relatively young, or people who have experienced ankle injuries in the past. Furthermore, another limitation of the study was the use of only a single session of DPMT while a single session offered an immediate influence on successfully improving ROM, more sessions may have seen more significant benefits on all hypotheses.
[bookmark: _dinkp9web3jq]6.5 Directions for future research 
After one session of DPMT, the results highlighted how on the third day post-DPMT the effects diminished. This highlights how future studies could look at the effects of multiple sessions of DPMT over a longer period to see if repeated treatments have even more significance on ROM and the longer-lasting effects. Helping to determine if the benefits of DPMT are temporary or if more regular treatments can produce longer-lasting effects. 
In addition, with the study having a small sample size of 10 with a mean age of 27.4, the current study had a modest sample size and was primarily concerned with physically active people between the ages of 21 and 50. Future studies should have a primary focus on the sample group, for example, only including individuals with a history of ankle issues within the past year will help give a broader understanding of DPMT effects on real-life injuries helping individuals working within the rehabilitation field. Another alternative for future research is evaluating the effects of Grade IV DPMT on certain groups such as the elderly population, sedentary individuals or specific gender or age groups will help others gain a further understanding of the effects on a variety of individual groups instead of a broader topic. Furthermore, increasing the number of people in the study will help gain more reliable findings as a larger sample size increases the reliability by reducing the impact of outliers and providing a more accurate representation of the findings.
Although a single session of DPMT had no positive influence on explosive power, future researchers can examine if multiple sessions of DPMT affect explosive power. Additionally, future research could evaluate the effects of PPMT including it with other training methods such as plyometric training comparing it to just plyometric training on its own.
New questions for exploration
· Does DPMT offer long-term effects in ROM beyond the third day after multiple sessions?
· Does DPMT have different effects on ROM for certain age groups, genders or activity levels?
· How many DPMT sessions are required to affect explosive power?
[bookmark: _kr99hoq61btj]6.6 Conclusion 
To conclude, this research project shows that Grade IV dorsiflexion DPMT is an effective way to improve short-term dorsiflexion ROM, but it does not have a positive correlation to improving explosive power. Limitations including poor sample size, and lack of a control group point to topics that require further investigation. The ROM gains are greatest in the first two days after the intervention, but by Day three, these effects start to fade indicating the need for continued treatment to sustain the gains. Future research including the use of DPMT on various groups and underlying physiological mechanisms could greatly improve knowledge about DPMT, examining a variety of populations and mechanisms would greatly improve the efficiency and understanding of DPMT. Overall, the results of the research demonstrate the effects of passive Maitland manual therapy techniques and their vital importance in improving mobility beneficial for individuals working within the rehabilitation sector. Where these techniques assist in providing a positive outcome for individuals seeking to restore function which can be used when utilising these approaches.
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Appendices
Informed consent form
https://docs.google.com/document/d/1dbjOPsO1N65cMDSK8QGmC5J60vRK0mNna75vG0YsMBg/edit?tab=t.0
Par Q form
https://docs.google.com/document/d/1gn_y84OylDjQ3lVXPhnnBz1-yyc3WojxmeZULtW2oHU/edit?tab=t.0

Raw Data Sheet
https://docs.google.com/spreadsheets/d/1gVG0cb4l5q8jYeWb-aKCqZLotzNUsXsMfs7TDZ6s4A8/edit?gid=0#gid=0

SPSS Statistical analysis
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