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A comparison of post isometric relaxation and reciprocal inhibition, which is the most effective in improving range of movement at the hip?
[bookmark: _Toc195297015]Abstract
Flexibility at the hip joint is crucial for functional movement and injury prevention. This study explores the efficacy of two muscle energy techniques improving hip flexibility, post isometric relaxation (PIR) and reciprocal inhibition (RI). PIR involves a gentle isometric contraction of the tight muscle followed by relaxation to allow therapist to push tissue to a new range. RI activates the antagonist muscle group to illicit relaxation. Both techniques utilize neuromuscular mechanisms to optimize muscle length and joint mobility, and Rehman et al. (2022) has revealed that PIR and RI significantly improve hip flexibility. The purpose of this study was to investigate which technique is more effective in increasing range of motion of the hip in a straight leg raise. There were 12 participants ranging from 18 to 63, with 8 males and 4 females participating. SPSS (version 24) was used to determine if there was a significant difference between the two, using tables to display the results and Microsoft excel to record and organise the data. In this study it was discovered that post isometric relaxation and reciprocal inhibition are equally effective in increasing range of motion at the hip in a straight leg raise. 
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[bookmark: _Toc195297016]Chapter 1:	Introduction
Muscle energy techniques originated with osteopaths and are now used by a variety of different clinicians, including physiotherapists, chiropractors, physical therapists, health care professionals, and sports therapists to treat soft tissue dysfunctions. The objective of a muscle energy technique is to improve the range of movement at the joint, reduce pain, and improve functionality. One of the main attributes of muscle energy techniques is voluntary muscle contraction where the patient actively contracts a specific muscle or group of muscles against the therapist’s resistance. The contraction is made in a controlled direction, with an effort of 20% but this percentage does vary per therapist, some will argue for more effort, up to 50% effort, but this does depend on the desired outcome and sport played. Active participation is involved, as unlike other passive stretching techniques, muscle energy techniques do rely on the patient’s contribution. Post isometric relaxation (PIR) and reciprocal inhibition (RI) are two variations of muscle energy techniques, but they differ in how this is achieved, RI operates on the principle of what is known as Sherrington’s central inhibition (Callister et al.,     2020), Callister et al.,     (2020) explains that  the neurological reflex reduces the antagonist muscle tone, facilitating an increase in the range of motion and a decrease in muscle tightness.
Muscle energy techniques take two forms. One of the forms of MET is post isometric relaxation, which is where the problem tissue is contracted and used to illicit a relaxation within the same tissue. After an isometric contraction, there is a 20 second window which the therapist has to push the muscle further. The practitioner asks the patient to contract the muscle gently against resistance for 10 seconds and then to relax. When the muscle is relaxed, the practitioner then stretches the muscle to a new length. Post isometric relaxation is used to lengthen shortened muscles, reduce muscle tension and to improve flexibility. Reciprocal inhibition however is based on the principle of contracting the agonist muscle to relax the antagonist and for the antagonist to then be stretched. In layman’s terms the patient contracts the muscle opposite to the one being stretched, allowing for a deeper stretch. Reciprocal inhibition is used to improve muscle stretching, improve mobility at the joint and to reduce muscle spasms.
Muscle energy techniques originated with osteopaths and is an osteopathic technique that is now used by physiotherapists, sports therapists and other physical therapists (Chaitow, and Franke, 2023). As early as 1948 Fred Mitchell introduced muscle energy techniques to treat issues at the pelvis using isometric and isotonic contractions within the hip. In 1950 Mitchell evolved the MET to treat other joints, except the cranial sutures. He used the patient’s muscles to illicit better movement in the joint, producing and restoring physiological movements. In the 1960s, Mitchell lectured on MET, educating those on gentle techniques for the rib cage and spine. In the 1970s muscle energy techniques become widely known and Fred Mitchell gave tutorials to teach practitioners, these lessons gained success and the classes for this subject became full. In the 1980s and 1990s muscle energy techniques became popular and used by manual therapists, chiropractors, osteopaths and physical therapists (Torres and Zipp, 2019). Academic research has been conducted to explore MET’s efficacy in treating MSK conditions such as lower back pain, pelvic imbalance and lack of range of motion at the joint. In the 21st century, studies have shown that muscle energy techniques can benefit those with disability and improve functionality with various MSK disorders, however some literature suggests that METs effectiveness remains limited. Muscle energy techniques are now a common technique in therapy, especially, osteopathy, physiotherapy and sports therapy and are used for muscular hypertonicity, somatic dysfunction and general pain. Future research should aim to further validate the efficacy of muscle energy techniques (Sbardella et al.,     2021).  
Using muscle energy techniques takes the tendons beyond the point of bind stretching tissue to a new range increasing subjects’ range of movement (Atchison, Tolchin, Ross, and Eubanks, 2021). This treatment helps flexibility and mobility of the joints. Muscle energy techniques alleviate muscle tension and pain, and improve strength and coordination. Reciprocal inhibition is a gentle and safe technique suitable for various patients. The form of MET that is known as reciprocal inhibition (RI) where the opposite antagonist muscle is used to relax the opposite (problem) tissue, is often used when the problem tissue is highly painful as an injured muscle does not like to be contracted or stretched as this would aggravate the tissue further (Sathe et al.,     2020). RI contracts the antagonist muscle to the tight, or injured tissue. For example, using reciprocal inhibition on the quadriceps will then relax the hamstrings. One benefit of RI is that the therapist can ask the patient to engage the non-injured tissue to allow the injured tissue to relax and increase in flexibility. It is applied when the patient has an issue with flexibility or injury to a specific tissue. PIR and RI are similar, but studies suggest that PIR is the more effective for chronic issues and RI is more effective in acute injuries. However, more research is needed in showing which is the more effective tool. In the use of RI, the reduction in tone relies on the antagonist muscle contracting and working to produce relaxation of the opposite muscle. When the agonist muscle is contracted motor neurons receive impulses from the afferent pathway, the neurons of the opposing antagonist muscle receive inhibitory impulses at the same time. 
Practitioners can use these techniques to improve joint function without excessive force or discomfort and they can be used to the patient’s specific issue and need, making muscle energy techniques a versatile approach for treating soft tissue injuries (Sbardella et al.,     2021). The reason for the study is to better understand the efficacy of this treatment and the different variations of the treatment using muscle energy techniques, comparing PIR against RI and researching the most effective tool. The relevance of this study is to understand the most effective form of MET by taking 12 participants and asking them to perform a functional test, and to then measure the functional test before and after intervention. During the first week, 6 participants would take part in Post isometric relaxation and then the second week 6 participants would take part in reciprocal inhibition, by week 3 and 4 these groups would switch and take part in the opposite intervention so that all 12 would have received both interventions and range of motion tested before and after.



[bookmark: _Toc195297017]Chapter 2: Literature review
The main consensus from literature is that muscle energy techniques improve range of motion in the joints, helping those who have functional limitations (Tedla and Sangadala, 2019). It has also been argued that muscle energy techniques treat a variation of MSK issues, giving relief from discomfort and improving overall function. Kang et al, (2023) showed that the patient’s role in this treatment as the patient contracts the muscle against resistance, which they claimed benefits the patient as tight muscles are taken beyond point of bind into a stretch, which also improves circulation. It was also argued that muscle energy techniques are an alternative route to taking medication for pain, therefore, helping acute and chronic issues. According to Aleem et al.,     (2022) PIR is more beneficial than RI, but RI becomes the preferred treatment when the injured tissue is too painful to take part in the muscle energy technique, for example, if the hamstrings are injured but need to be lengthened for better flexibility, the patient could then use the quadriceps as the antagonist muscle to relax the hamstrings. Furthermore, much literature indicates that post isometric relaxation is more effective than reciprocal inhibition according to different authors (Osama, 2021; Siddiqui, Akhter, and Baig, 2022; Swapna, Neha, and Pratik, 2023).  
To measure the range of motion the instrument used is a goniometer,  which has proven to be a highly effective tool in measuring range of movement and literature has affirmed this for over 40 years (Boone et al.,     1978). Recent studies have also confirmed this, such as Alawna, Unver, and Yuksel, (2019) using the goniometer for their research. Other studies used the goniometer and discussed the reliability of the universal goniometer and the digital goniometer and found both had good clinical value (Shamsi, Mirzaei, and Khabiri, 2019). 

[bookmark: _Toc195297018]2.1	Mechanism of action and function of Gologi tendon organ and muscle spindles in post isometric relaxation and reciprocal inhibition.

The two neuromuscular concepts are the Golgi tendon organ activation (GTO) and muscle spindle inhibition (Maas et al.,     2022)
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Figure 1: Golgi tendon organ (Antori, 2023).

[image: Diagram of a structure of the human body

AI-generated content may be incorrect.]
Figure 2: Muscle spindle (Britannica, 2016).                       
The Golgi tendon organs are sensory receptors located in tendons that detect changes in muscle tension, when a muscle contracts isometrically, the Golgi tendon organs sense the increased tension and trigger a reflex relaxation response. This physiological response is utilized in PIR to enhance muscle elongation following contraction of the muscle (Novianti et al.,     2023). 
Muscle spindles are sensory receptors within muscles that detect changes in length and rate of stretch. When a muscle contracts, the antagonist muscle is neurologically inhibited to allow for smooth movement. Through these mechanisms muscle energy techniques help reset the muscle and improve joint function and promote MSK balance. Muscle energy techniques enhance athletic performance, the athletes benefit from muscle energy techniques as it helps them maintain flexibility, optimize muscle function, and reduce risk of injury (Kissane et al.,     2023). Sports therapists frequently use muscle energy techniques as part of their pregame warmups and post-game recovery sessions to ensure athletes bodies are in optimal condition. Muscle energy techniques also correct poor posture as poor posture comes from muscle imbalances, where certain muscles become tight whilst others weaken. Muscle energy techniques help in bringing balance by stretching shortened muscles helping postural issues such as dowagers hump, kyphosis and lordosis (Thomas et al., 2023). 

[bookmark: _Toc195297019]2.2	Physiological and biomechanical effects of PIR and RI
Muscle energy techniques are used for various conditions, such as postural issues, muscle spasms and strains, sports injuries, joint dysfunctions, and back and neck pain, and some literature claims that muscle energy techniques improve circulation (Thomas et al., 2019). The therapy is based on proprioceptive neuromuscular facilitation (PNF) and physiological processes that influence muscle tone and function, which respects the body’s biomechanics (Masekar et al., 2020). At their core, muscle energy techniques function by engaging the neuromuscular system to promote relaxation and strengthening of muscles (Ahmed, Maharaj and Van Oosterwijck, 2021). The concept involves the practitioners positioning of the patient’s body that engages a targeted muscle group. Muscle energy techniques are classified into many different types, depending on their goal, primary goals are post isometric relaxation, reciprocal inhibition, isotonic contractions, which includes concentric and eccentric muscle contractions to either strengthen or weaken muscles through a controlled movement. Isokinetic contractions, which involves movements at a speed with variable resistance, that are often used for rehabilitation of muscle function and finally joint mobilization by incorporating muscle contractions into joint mobilization techniques (Sathe et al.,     2020). PIR is a technique where the therapist targets the muscle that is needing treatment and asks the patient to perform an isometric hold against resistance, which is then superseded by a passive stretch. This technique involves the Golgi tendon organ, allowing the muscle spindles to relax so that muscles can move further, the benefits of which are the muscle becoming relaxed and range of motion increasing. This technique is used for shortened muscles or reduced range of motion at the joint, or reduced flexibility. The proprioceptive response to a stretch is that the muscle spindles relaxing the tissue, whilst the Golgi tendon organ changes in tension and detects the contraction, then the muscle spindles change in length and velocity, and it is then down to the stretch shortening cycle as this is key for movement (Chaudhary et al., 2020). Stretching a muscle sends impulses from the muscle spindles to the spinal cords posterior horn cell. The anterior horn cell then increases motor impulses to the muscle fibres, creating tension that resists the stretch. When muscle tension rises, the Golgi tendon organ detects this and sends signals to the posterior horn cell, leading to an inhibitory effect on the motor stimulus at the anterior horn cell. The inhibitory effect leads to a decrease in motor impulses and induces relaxation. This suggests that prolonged muscle stretching can enhance stretching capabilities due to the relaxation of the Golgi tendon organs, which override the protective contraction, and the muscle spindles, thereby permitting relaxation. Additionally, muscle spindles play a crucial role in preventing injuries. When a muscle spindle is rapidly stretched, it triggers an immediate muscle contraction, thereby protecting tendons and muscles from potential tears. In the absence of muscle spindles, tendons and muscles would be susceptible to injury (Banks et al., 2021). 
Post-isometric relaxation occurs through neurological feedback via the spinal cord to the muscle when an isometric contraction is induced, resulting in reduced muscle tone. This reduction in muscle tone persists for approximately 20 seconds, providing a therapeutic window during which the therapist can intervene by repositioning the muscle to a new range. This adjustment allows the muscle to adapt to an improved range of motion comfortably (Dudoniene et al, 2024).
[bookmark: _Toc195297020]2.3	Techniques and applications of MET
The techniques and applications of MET include PIR, which asks the patient to perform an isometric relaxation and contract the muscle that is targeted to stretch and asking patient to give 20 – 30% effort for 10 seconds, then the therapist moves limb further into a deeper range of movement and holds for 20 seconds. This is then repeated 3 times whilst limb is moved further each time, however RI asks the patient to contract the antagonist muscle to the targeted muscle being stretched and again asked to give 20-30% effort for 10 seconds whilst the therapist gives resistance to make it an isometric contraction and the therapist moves limb into a deeper stretch and holds for 20 seconds which is again repeated 3 times (Latash., 2023). 


[bookmark: _Toc195297021]2.4	Functional outcomes associated with Post isometric relaxation (PIR)
Naweed et al. (2020) illustrated with their study that PIR is a helpful tool in increasing flexibility in the short term and the long term of hamstring flexibility. In this study, 35 students were selected, these were male and female students between the ages of 18 to 25 year olds, the flexibility of the hamstrings were measured immediately post intervention, and according to this study the ‘immediate short term’ and long term effects were ‘equally’ as effective. 
D’souza, Mohandas, and Patrao, (2022) discovered there was a significant difference for those that received post isometric relaxation proving it to be an effective tool, and Khan et al.,     (2022) also states this technique was effective and compared the technique to myofascial release, Khan et al. (2022) found that PIR improved left side flexion and extension of the cervical spine. Clarke and Allen, (2021) also compared MET with another common technique (trigger point) and the study demonstrated that there was improvement when using PIR as a form of MET compared to trigger point therapy. PIR proved more effective, however Noto-Bell, Vogel, and Senn, (2019) found in their study that plantarflexion was improved in both ankles for competitive swimmers, so the consensus in the literature is very positive regarding PIR. In a study conducted by Bhutta et al.,  (2025) it was suggested that better higher quality research is needed in the area of muscle energy techniques, furthermore it was proposed that muscle energy techniques as an intervention is significant and is useful in rehabilitation programs and is a valuable tool and it was argued that MET can also help with injury prevention. 
In another study conducted by Aleem et al., (2022) it was argued that PIR and RI are both effective techniques in increasing range of motion, but post isometric relaxation proved to be a more effective technique in improving range of motion. 
[bookmark: _Toc195297022]2.5        Functional outcomes associated with Reciprocal inhibition (RI)
Rajan and Sudhakar (2024) found that RI as an MET showed significant improvements, they compared the effects of autogenic inhibition with RI on hamstring flexibility with their participants having bilateral hamstring tightness, and they found RI more effective, however, Siddiqui et al.,       (2022) conducted a randomized control trial with those who had neck pain, which showed RI benefitted by reducing pain, and improving range of motion, and functionality. Literature also suggested more research is needed to understand the mechanisms and effectiveness of reciprocal inhibition in various conditions. Balakrishnan and Sudhakar (2024) highlighted the need for further studies to understand the longer-term effects of reciprocal inhibition. 
Osama (2021) argues that there are more effective treatment options than reciprocal inhibition and they used a large sample size of 100 participants to test their eligibility for the study with 78 being selected, comparing three treatment options in their efficacy, this was compared with autogenic inhibition and the study was on the efficacy of these two techniques in neck pain, regardless of the treatment group, both groups received trans cutaneous nerve stimulation (TENS). Similarly, Siddiqui, Akhter and Baig, (2022) found autogenic inhibition was a more beneficial treatment than RI. 
[bookmark: _Toc195297023]2.6          Straight leg raises
Liu et al.,     2022 found that straight leg raises are not only used for neurological tests, such as the Bragard test used in therapy, a test which is used to see whether patient potentially has a herniated disc or not (Berthelot et al.,     2021). The straight leg raise is used for hamstring flexibility but other factors such as, nerves of the body, fascia and muscles around the hip and thigh also have an impact on the flexibility in a straight leg raise (Lim, 2023). In another study, the researchers found that the straight leg raise was reliable for gauging hamstring flexibility (Hori, Hasegawa, and Takasaki, 2021). 
[bookmark: _Toc195297024]2.7	Summary comparison of outcomes
Post isometric relaxation proves more effective than reciprocal inhibition in increasing range of movement according to Aleem et al.   (2022) and it is mentioned in their study that other literature agrees with their findings. Post isometric relaxation is when the muscle contracts isometrically and then the Golgi tendon organs detect tension and sends signals to the spinal cord, which triggers a reflex that inhibits the muscle contraction, and the inhibition allows the muscle to relax making it easier to stretch. PIR increases ROM and reduces muscle tightness, improving hamstring flexibility, enhanced flexibility, pain relief, and improved circulation (Naweed et al., 2020). RI helps with improved muscle balance, reduces risk of injury and provides better neuromuscular control, which differs slightly in outcomes to PIR but both increase range of motion, it also differs scientifically as the antagonist is inhibited, and this inhibition prevents both muscle from contracting at the same time, as the movement is controlled by muscle spindles which detect the changes in muscle length and tension (Chiba et al., 2021).  	 	


[bookmark: _Toc195297025]2.8     Aims
The purpose of the current study is to evaluate the effectiveness of both post isometric relaxation and reciprocal inhibition at improving range of motion around the hip and whether either technique is more effective.







[bookmark: _Toc195297026]Chapter 3	Method
[bookmark: _Toc195297027]3.1	Participants
The participants were recruited by the investigator asking family members and private clients if they were willing to take part in this current study. Twelve volunteering adults aged 18-63 year of age were recruited to the current study, inclusion criteria: participant was to be carrying no pre-existing injury to lower limb to allow for optimal testing. It was a cross-sectional study, there was one group, but they were split into two groups for convenience, firstly 6 of the group took part in post isometric relaxation (PIR) and then other 6 took part in reciprocal inhibition (RI), this was then reversed the week after, so all took part in both.
[bookmark: _Toc195297028]3.2	Study design: 
The current study was organised as a controlled intervention where 6 participants were assessed for hip mobility before and after a session of PIR and 6 participants after RI. The following week the interventions were swapped between the groups and comparison made for differences in effect in hip mobility between the interventions.
Written informed consent was provided by all participants and ethical approval for the study was obtained from the university ethics representative prior to data collection. 

[bookmark: _Toc195297029]3.3      Protocols:
Prior to each assessment participants were asked to go for a brisk walk for 5 minutes. Within a clinical setting participants lay on a massage couch and performed a straight leg raise laying in supine and the angle was then measured using a goniometer (see figure 3). After this measure a trained clinician performed a standardised session of either PIR or RI and the angle of hip flexion was remeasured.
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Figure 3: use of goniometer. 

Goniometer – The body of the goniometer is placed on the greater trochanter with the stationary arm facing down the side of the femur and the moving arm placed in the same direction, once the leg begins to move the moving arm moves with the femur and stays in line with the centre of the femur. 

[image: MET PIR]
Figure 4: Post isometric relaxation, patient is pushing against therapist. 

PIR Routines - this is where the targeted tissue to stretch is contracted, by the therapist asking the participant to push towards therapist with 20 per cent effort against resistance from the therapist for 10 seconds. The therapist then moves the leg to a new range and holds the leg still for 20 seconds, this is then repeated 3 times, (see figure 3).  

[image: A person holding a person's leg
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Figure 5: Reciprocal inhibition, patient pulls leg away from therapist. 

RI Routine – this is where the antagonist tissue of the tissue targeted is contracted allowing the target tissue to relax. The participant was asked to pull leg away from therapist with 20% effort for 10 seconds, the therapist then moves the participants leg to a new range going the opposite way to where participant pulled the leg. The leg is held for 20 seconds before being moved further, this is also repeated 3 times, with both PIR and RI the leg is moved into hip flexion with knee extended, (see figure 4).
[bookmark: _Toc195297030]3.4      Data Analysis
Data was recorded and organised using Microsoft Excel. SPSS (version 24) was used for inferential analysis). Paired t-test were used to evaluate the difference before and after the mobilisation intervention with Cohens-d used for effect size. An independent t-test was used to compare between interventions with Cohens-d for effect size. Alphas values for significant effect were P<.05 and for Cohen’s-d a large effect was >.8, moderate effect >.5 <.8 and small effect >.3<.5. All the participants attended to be treated and assessed pre and post intervention.




















[bookmark: _Toc195297031]Chapter 4 	Results
Twelve participants completed both trials for PIR and RI that demonstrated significant improvement in hip ROM after both methods (See Table 1). However, there was no difference in the improved ROM when comparing the two mobilisation strategies.
[bookmark: _Toc195297032]4.1 Hip angles pre and post PIR (post-isometric relaxation) and RI (reciprocal inhibition) for L (left hip), R (right hip) 
Table 1
	
	Hip angle (0)
	Change (%)

	
	Before
	After 
	

	PIR Left Hip
	77.8 ± 13.1
	83.6 ± 12.3
	7.5

	PIR Right Hip
	72.7± 12.2
	77.7 ± 13.2
	7.0

	
	
	
	

	RI Left Hip
	75.1± 15.0
	86.8 ± 10.9
	15.6

	RI Right Hip
	73.8 ±15.4
	79.5 ± 11.2
	7.5



The findings showed there was no significant difference between post isometric relaxation and reciprocal inhibition, this was shown by <.001 significance in the left leg between PIR and RI post treatments and .014 significance in the right leg post treatments. The results showed that there was no difference in efficacy between post isometric relaxation and reciprocal inhibition, both being as effective in improving range of movement at the hip. Post isometric relaxation improved hip angle by 5.80 (7.5%) for the left leg and 50 (7.0%) for the right leg, that represented significant improvement in range of movement with large and moderate effect size respectively

[bookmark: _Toc195297033]4.2      Effect of Post Isometric Relaxation
Post isometric relaxation improved hip by 5.80 (7.5%) for the left leg and 50 (7.0%) on the right leg which represented significant improvement in range of movement (see Table 2). with large and moderate effect size respectively.
Table 2
	
	Hip angle (0)
	T
	df
	Sig
	Cohen’s-d

	
	Before

	After 
	
	
	
	

	PIR L
	77.8 ± 13.1
	83.6 ± 12.3
	-2.776
	11
	0.018
	.801

	PIR R
	72.7± 12.2
	77.7 ± 13.2
	-2.209
	11
	.049
	.638




[bookmark: _Toc195297034]4.3        Effect of Reciprocal inhibition
Evidence in table 1 indicates a 7.5% and 7% increase in left and right hip flexion respectively. A paired sample t-test (see table 3) reveals RI to have a significant positive effect on hip range of movement with large effect size. 

Table 3 Paired samples t-test evaluation of the effect of RI on hip angle 
	
	Hip angle (0)
	T
	df
	Sig
	Cohen’s-d

	
	Before
	After 
	
	
	
	

	RI L
	75.08 ± 14.9
	86.8 ± 10.8
	-5.278
	11
	.001
	.1.524

	RI R
	73.8 ± 15.3
	79.5 ± 11.1
	-2.915
	11
	.014
	.842



A paired sample t-test was also conducted for RI and scored a mean score of 75.1± 15.0 for pre-event and then 86.8 ± 10.9 for post event for the left side. On the right side there was a mean score of 73.8 ±15.4 pre-event and a post event score of 79.5 ± 11.2 following intervention. An independent t-test was then used to determine whether there was a significant difference between PIR vs RI between efficacy and it showed a difference of (t=-2.776) on the left side for PIR and a (t=-5.278) post intervention. For the right side it showed (t=2.209) on the right pre-treatment and (t=-2.915) post treatment for PIR. For RI t value of (t=-2.776) on the left side pre-treatment and (t=-5.278) post treatment and for pre-treatment (t=-2.209) on the right side and (t=-2.915) post treatment. Left and right sides show an increase in hip angles after the intervention, the left side experienced a 7.5% change, moving from 77.8 ± 13.1 to 83.6 ± 12.3 degrees. The right side demonstrated a similar improvement with a 7.0% change going from 72.7 ± 12.2 to 77.7 ± 13.2 degrees. These changes suggest a modest yet consistent increase in active ROM in the straight leg raise across both sides. The reciprocal inhibition left measurement shows the largest percentage increase overall (15.6%), indicating a more pronounced effect of the intervention in a straight leg raise for the left side of the hip compared to both PIR and RI on other sides. PIR changes are more consistent between left and right sides (7.5% vs 7.0%), whereas RI changes show disparity between sides, with the left side responding better than the right (15.6% vs 7.5%). The left side showed a significant improvement of 15.6%, increasing from 75.1 ± 15.0 to 86.8 ± 10.9 degrees. This indicates that the intervention had a substantial effect on the left side in active ROM at the hip in a straight leg raise. The right side exhibited a smaller but notable change of 7.5%, improving from 73.8 ± 15.4 to 79.5 ± 11.2 degrees. 


[bookmark: _Toc195297035]4.4        Comparisons between PIR and RI
Independent t-test analysis comparing PIR to RI in table 4. indicated that there was no significant difference in hip ROM prior to intervention for left or right legs. Table 4 also identifies that there was no significant difference in improvement of ROM between the PIR and RI interventions.
Table 4 Independent sample test 
	
	PIR (ROM 0)
	RI (ROM 0)
	T
	df
	Sig
	Cohen’s-d

	Left before
	77.8 ± 13.1
	75.1± 15.0
	-2.776
	11
	.018
	-.195

	Right before
	72.7± 12.2
	73.8 ±15.4
	-2.209
	11
	.049
	-.275

	Left after
	83.6 ± 12.3
	86.8 ± 10.9
	-5.278
	11
	<.001
	-.299

	Right after 
	77.7 ± 13.2
	79.5 ± 11.2
	-2.915
	11
	.014
	-.150



Independent t-test analysis which compared PIR to RI indicated that there was no significant difference in hip ROM prior to intervention for left or right legs, and it also identified that there was no significant difference in the improvement of ROM between the PIR and RI interventions. For the PIR on the left side there was an increase of 7.5% post intervention, whilst on the right side there was an increase of 7% post intervention. For RI on the left side there was a significant increase of 15.6 %, this was the highest of all out of the four compared. The right side of the hip post RI intervention increased movement by 7.5%, which was the same figure for post isometric relaxation on the left side. The movement of the left side pre intervention had a mean score of 77.8 ± 13.1 in PIR on the left side was recorded and post intervention a mean score of 83.6 ± 12.3 was achieved post intervention. On the right side pre intervention there was a mean score of 72.7± 12.2 with post intervention mean score of 77.7 ± 13.2 for PIR. 












[bookmark: _Toc195297036]Chapter 5 	Discussion
[bookmark: _Toc195297037]5.1    Key findings
In this study, the application of RI resulted in reduction of antagonist muscle activity, contributing to the observed improvements. PIR relies on the Golgi tendon organ (GTO) reflex, which inhibits muscle contraction following a 10 second contraction by the participant and showed it was as effective in increasing the ROM at the hip, reducing hamstring tightness over the hip. The findings showed there was no significant difference between PIR and RI, which was shown by <.001 significance in the left leg between PIR and RI post treatments and .014 significance in the right leg post treatments.
The results showed both treatments were as effective as one another. Sathe et al, (2020) arrived at similar conclusions regarding the efficacy of the treatments explored. Further study is needed on this subject, but Sathe et al.,     (2020) found that both post isometric relaxation and reciprocal inhibition were effective in improving hamstring tightness, which is in line with the findings of the current study and give credibility to this study, therefore this showed the study demonstrated the efficacy of PIR and RI, and it showed that both techniques improved the angle of the hip and flexibility. These are effective treatments for a clinical practice, whilst they both achieve similar outcomes, however Mesquita et al, (2022) says that PIR is more effective and that muscle energy techniques are a safe and effective tool for patients suffering from joint dysfunction, back and neck pain, sports injuries, postural imbalances, muscle strains, spasms, general pulls and tightness, and that by engaging the patient actively in the process of the treatment, muscle energy techniques help achieve better therapeutic outcomes. Furthermore, while both techniques showed a significant difference in improving the angle at the hip, Naweed et al, (2020) found that post isometric relaxation is more effective than reciprocal inhibition and mentions other literature which claims the same, however this was not the case in this study.



[bookmark: _Toc195297038]5.2    Implications

Whilst both techniques are effective, PIR is more suitable for patients experiencing tightness without pain as the problem tissue is used to perform an isometric contraction to illicit a stretch in the same problem tissue, therefore RI would be used when the patient is experiencing pain in the area that is tight and in need of lengthening, making RI a useful tool if the patient is in pain, and it is difficult to illicit an isometric contraction in the problem tissue. The patient’s compliance therefore depends on factors such as patient tolerance to the specific muscle involved (Mesquita et al., 2022). It is important to acknowledge that this study had limitations such as the number of participants used, and treatments and assessments were only completed in one session, one for each treatment. Future research may also benefit from examining the longer-term effects of PIR and RI. Changing the protocol can also be considered in future research as this may give a more accurate reading, using instruments such as a measuring tape to measure the angle of the hip and a sit and reach box along with a goniometer increasing the quality of the research (Diaz, Stephenson and Labrador, 2019). 
Participants clothing can be a hinderance or an advantage to them being able to lift the leg higher increasing their range of motion at the hip. Some of the participants wore tight fitting clothing, whilst others wore loose clothing such as jogger bottoms or shorts, and this may have impacted the findings and data for this study. Ensuring participants all wear loose clothing or shorts for future studies will improve the integrity of the study as they will have more freedom in their movement and may be easier to move and increase mobility. Future research could also compare male to females (Pazhoohi et al, 2019) in hip range of motion post intervention of muscle energy techniques. Age range could also be reduced, and investigator could use younger populations such as 18 to 30 year olds. Investigators could also use sporting populations or specific sporting population, such as, rugby, football or basketball where engagement of the hamstring and hip may be more in one sport than the other, such as golf where the hip is in play for the swinging movement of a strike to the golf ball (Kanwar et al.,     2020). 
Utilising more exercises pretreatment may also help in future studies to improve the outcome by causing vasodilation, which may help increase the movement as the muscles will be warmer (Kapilevich et al.,     2020). Previous training history plays a role in how the athletes body responds to the treatment. Out of the participants there was one who played grass roots football in his teens, a female weightlifter in her 50s, two males in their 60s, three males in their 50s, a female in her mid-30s who has no sporting background, a male in his late 30s who has completed 6 triathlons, a male in his early 20s who is  student and a female in her early 20s who is also a student. 
According to Losa-Reyna et al, (2019) MET is a non-invasive and safe technique and is tailored to patients’ needs to improve flexibility and muscle relaxation. The effectiveness of the techniques may vary depending on the therapist’s skill and the patient’s condition. Mesquita et al, (2022) say that literature shows PIR as a more effective treatment than reciprocal inhibition but the current study, it did not show a significant difference between the two. 

The results suggest the intervention may be particularly effective for improving range of motion at the hip in a straight leg raise. The substantial difference between RI left and RI right could indicate asymmetry in muscular strength or coordination between the sides, warranting further investigation. It also shows that both techniques are valuable in the clinic setting as both are equally as effective and there showed a significant difference pre and post intervention using the straight leg raise and a goniometer to measure the degree angle of the hip. The findings influence physical therapist’s protocols, giving practitioners evidence-based treatments to improve the hip angle in patients who are restricted in their range of motion because of injury, surgery or chronic conditions. PIR and reciprocal inhibition are techniques for improving range of movement and reducing hamstring tightness, which could reduce the workload for the NHS by utilising sports therapists who are often private therapies that take on patients who are no longer able to wait for care and pay to go private. This could also help people take the conventional route instead of taking the pharmaceutical route. Athletes, trainers, and coaches can utilise muscle energy techniques (PIR and RI) into warmups, cooldowns, or rehabilitation programs to improve flexibility and prevent injuries. Improved hip mobility could contribute to better performance in sports requiring dynamic lower limb movements, such as running, cycling, or martial arts. The treatments have shown they can be trusted by physiotherapists, chiropractors, osteopaths and sports therapists, with the technique originating with osteopaths. PIR is more suitable for individuals with significant muscle tightness as it focuses on relaxation of the targeted tissue (Naweed et al, 2020). RI is preferred in scenarios requiring active engagement of the antagonist muscle, such as in sports performance or functional rehabilitation. 
[bookmark: _Toc195297039]5.3	Study Limitations
One of the limitations of this study is that the assessment and treatment was only conducted on time for each technique. Another limitation is that there were only 12 participants. A further limitation is that it requires active participation from the patient, and the reason this is a limitation is because the patient may push too hard against the therapist when they are only required to give only 20% effort. 

[bookmark: _Toc195297040]5.4 Future research 

For future research it would better the quality of the study to have a higher number of participants, which could give a broader view. Investigating the long-term effects of these techniques could also be of value to the study. More focused populations such as, older adults, those with hip osteoarthritis, sports athletes or a smaller age range such as 18 – 25 years of age could be studied, but having a broader range will give a more comprehensive view of the study question. Adding soft tissue massage to the study to compliment the MET treatment can also enhance the study’s findings and interest. Changing the protocols could also enhance the quality of a study, helping give potentially more accurate readings, such as hip angle in a straight leg raise. Comparing PIR and RI with Maitland mobilisations to compliment the treatment is another option. Alternatively, a future study could focus only on symptomatic people, giving more relevance to the study as some of the participants were asymptomatic and did not benefit as much as someone with poor range at the hip would benefit. Having a joint study with another person’s opinion would benefit the study further as it encourages a diverse idea of what protocol to use and literature to search.  Future studies could show how these treatments compare to other treatments, exploring long term effects and mechanisms. 

















[bookmark: _Toc195297041]Chapter 6: Conclusion

According to evidence presented in the current study both PIR and RI are as equally effective in improving hip ROM. This agrees with evidence from Sathe et al. (2020) but is different from most evidence such as that of that Naweed et al. (2020). This means that these treatments are safe and effective tools for practitioners to use, however this study proves to be limited as it is inconsistent with the majority of other literature that have bigger sample sizes on this subject. Increasing the number of participants and using a broader population of people will benefit future research. The practitioner can use this information to provide better care for patients and have a better understanding of when to use each specific technique at the appropriate time.
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