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Abstract 

Background: Forward lunge is approximately 15% of all movement in racquet games especially badminton. 

One of the important muscles involved in forward lunge is biceps femoris. It acts as an agonist muscle during 

the forward lunging for the knee flexion. Increased hamstring tension causes pelvic alternation, which is another 

important factor in keeping an upright posture. Primitive Objective of this research is to identify the instant 

effect of rehabilitative Dynamic oscillatory stretching technique and Contract-Relax (PNF) technique on 

hamstring flexibility in recreational badminton players, and to perform a comparative analysis the acute effect of 

rehabilitative Dynamic oscillatory stretching and Contract-Relax (PNF) technique on hamstring flexibility in 

recreational badminton players. 

Methods: Quantitative method, quasi-experimental study with a pre-test and post-test design used to estimate 

the causal influence of the physiotherapeutic intervention. 45 potential participants were volunteered to be 

involved in this study. Participants were recruited by using the convenience sampling method. Informed consent 

was acquired from all partakers, and any relevant criteria were mentioned beforehand earlier to the data 

collection phase.  

Results: This study results shown, a significant difference of p-value is 0.18 (p>0.05). Hence, the null 

hypothesis is accepted as there is no statistically significant difference in effectiveness of DOS group and CR 

PNF group.  

Conclusion: A few studies been conducted targeting particularly recreational badminton players. Hence, this 

research carried out to develop a framework of different stretching techniques to help us for making a good 

training program or warm up regime for recreational badminton players to improve their hamstrings elasticity 

and minimising the risk of injury. The investigation results showed, both techniques would help in improving 

hamstring flexibility. 

 

Keywords: Rehabilitation, PNF Technique, Hamstring pliability, Recreational Badminton Player, Sports 

Physiotherapy. 

 

1. Introduction 

The badminton is a non-contact racquet ball/shuttle game demanding bounces, deep-lunges, instant swift in 

direction and rapid overhead arm movements from a maintaining good stance and balance throughout the game. 

Comparatively Badminton has been a very safe sport1 with no or minimal contact force. Preceding researches 

majority conducted in Europe, revealed the threat of injuries in badminton is estimated to be 1.6–2.9 injuries per 

player per 1,000 hours of play2. 

The physical needs of racquet games such as badminton are associated with acute injuries to the limbs may 

frequently3.Nevertheless, overuse injuries may also affect the back, shoulder, lower leg, and knee4,5. The lower 

limbs are very prone to sustain a high level of stress in the challenging movements of badminton, which may 

result in discomfort and injury6. 
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Research outcomes reveal changes in the occurrence of injury in accordance with the muscles besides most 

frequent in the knee and the shoulder among the amateur badminton players7. It’s well known that hamstring 

muscles are accountable for hip and knee movements in walking, squatting and angling the pelvis. The 

hamstring muscles are important postural muscles and help to some extent in the control of the standing torso 

along with other movements such as walking, running and jumping8. 

The thigh posterior muscle injury is one of the most common injuries in athletes9,10,11 Muscle injuries range from 

acute muscle strains and tears to chronic proximal hamstring tendinopathy. Immense muscle contraction will 

lead to strains, which are the most common muscle injury, which have high rates of recurrence and can lead to 

prolonged absence from sports9,11 

Recent studies have shown that increased hamstring strength reduces injury risk and improves deceleration 

capacity.12,14 During sports activities hamstring muscle contraction is vital, which help the torso to maintain 

orientation and mediating control of the body’s center of mass13. 

Hamstring injuries often occur during the high velocity running due to how rapidly they must decelerate the 

lower leg as it swings through prior to taking the next step. “Failure in extending the knees totally while the hip 

is flexedwith discomfort or pain along the posterior thighand/or knee is generally attributed to hamstring muscle 

stiffness”14. 

Hamstring muscle length is not measured directly. Hamstring muscle length is measured using the angular 

measurements of unilateral hip flexion with the kneeextended position15. Hamstring muscle stiffness is 

identified using the Knee Extension Angle (KEA). In case the Knee Extension Angle (KEA) greater than 20 

degrees, where KEA is the degree of knee flexion from terminal knee extension consider to be tight or less 

flexiable.16,17. 

The competent players can suffer from injuries during activities, to avoid such damages and improve the soft 

tissue tractability, stretching program is suggested as a warming-up activity. Around numerous forms of 

stretching, that includes static, ballistic, and proprioceptive neuromuscular facilitation (PNF) stretching, besides 

wide-ranging investigation data associating these starching techniques exists. It is difficult to determine that a 

specific stretching technique is superior over others, as results vary across investigations based on the study 

conditions. Nevertheless, PNF is recognized to be more effective than other stretching methods as it increases 

together passive and active flexibility and improves range of motion in the limited time18,19 and there by helps 

the athletes for faster recovery and enhanced game performance. Numerous studies have been conducted on 

hamstring muscle stretching techniques and flexibility.20-23 

Dynamic Oscillatory Stretching (DOS) is an innovative technique that is a hybrid of Proprioceptive 

Neuromuscular Facilitation (PNF), Oscillating Passive Physiological Mobilization, and Agonist Contract 

Relaxation (ACR) in Static Stretching. In this technique, the agonist muscle group creates a stretch in response 

to the contraction of the antagonist muscle group24. The component of oscillatory movement added in DOS has 

resemblance to the oscillatory physiological mobilization as described by Maitland25. 

The Proprioceptive Neuromuscular Facilitation (PNF) stretching technique is been practiced to improve the 

muscle elasticity and has been shown to have a positive effect on active and passive range of motions. 

Current research suggests that, that PNF techniques do increase joint ROM and literatures also suggests that, 

more frequently with combined methods such as the contract-relax (CR) and contract-relax-antagonist-contract 

(CRAC) methods of PNF works more effectively and  commonly used. The CR method aimed to stretch a 

muscle (TM) and hold it in such a posture, and participants contracted the TM isometrically and maximally for a 

period.25,26,27 

In the present study, we intend to examine the Acute Effect of Dynamic oscillatory stretching (DOS) and 

contract-relax (PNF) technique on hamstring flexibility among recreational badminton players. Recent studies 

on stretching technique and effects on exercise states that contract relax technique allows antagonist have 

contraction similar to hold relax technique while the oppositegroup of musclehave to contract 

eccentricallyaligned with autogenic and reciprocal inhibition. Flexibility can be improved by stimulating the 
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proprioception and neuromuscular system28. Furthermore, hamstring is the target group of muscle which 

consists of semimembranosus, semitendinosus, long head and short head of the biceps femoris. It is a two joint 

muscle, which acts as a primary hip extensor and knee flexor29. Tight hamstring leads to difficulty of energy 

absorption while muscle lengthening and difficulty in producing force while the muscle is shortening30. 

Badminton was played in Malaysia as early as 1809, since then badminton is one of the elite core sports in 

Malaysia31. Worldwide, the pervasiveness of injury among the exclusive shuttlecock players ranges between 

170 and 253 injuries per year32,33and the frequency proportion is 1.6 to 2.9 per 1,000 player hours8,9. 

Collective factors related to injury such as age32, gender33, previous injuries34, badminton rules35 and playing 

field may still be relevant under the current scoring system. Injury research, particularly knee and shoulder 

injury incidence and injury types, may change. It also transitions from chronic to acute with increasing game 

aggression36. 

Furthermore, Electromyography (EMG) was used to identify the electrical activities of the muscles. They 

mentioned that semitendinosus in hamstring is one of the vital muscles in vertical jump activity. Vertical jumps, 

lunges and immediate change of direction are the actions needed in a badminton game37. 

Badminton consists of roughly 15% of forward lunges as an important step which require bicep femoris to work 

which is one of the hamstring muscles. Forward lunge is approximately 15% of all movement in badminton. 

One of the importance muscles involved in forward lunge is biceps femoris. It acts as agonist muscle during the 

extension of knee in the forward lunging. This is being one of the affirmative reasons to carry out the study. 

This study particularly focuses on the hamstring muscle among badminton players. Jumper's knee (42.7%), 

succeeded by the hamstring and quadriceps muscle strain(11.8%), are most common injuries prevalent among 

badminton players38. 

2. Materials & Methods 

Participants: A total of 45 potential participants were volunteered to be involved in this investigation as shown 

in figure-I. Samples were recruited by using convenient sampling method, knowledgeable consent was obtained 

from all applicants, and any relevant criteria were mentioned beforehand prior to the data collection phase 

through online Google form document. Ethical Approval was applied from Faculty Research Review 

Committee of MAHSA University. The data collection procedure was undertaken abiding COVID-19 national 

regulations (Malaysia), guidelines and protocols were taken into consideration particular regulations related to 

lockdown levels, data were safely collected39. 

 

Fig-I: Flowchart demonstrating the Research process 
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Outcomes measures: That fulfilled all the criteria to proceed with the AKET as shown in the figure-II.  For the 

present study subjects with Hamstring flexibility <60-degree knee extension during AKET, males & female 

ranging from 18-25 years old Recreational badminton player, play more than two times a week. 

Interventions: A total of 36 recreational badminton players, whoever accomplished the inclusion criteria were 

allocated into two different assemblies randomly. The first group, Group A consist of 18 samples were given 

dynamic oscillatory stretching as an intervention. In contrast, Group B has 18 samples and were administrated 

by PNF contract relax stretching. 

The dynamic oscillatory stretching for hamstring was conducted on sample in supine lying on the mat, and 

researcher lift up affected leg passively until restriction felt. Sample can assist the researcher at the beginning 

while raising the limb by tightening hip flexor muscles and sustaining the knee at extended position. 

Furthermore, the participants are instructed to contract the hip flexor by moving towards the direction of 

researcher’s resisting hand and hold the contraction for ten seconds. 101,102, until 110 were used to 

standardized ten seconds hold duration. Mild slow stretch was administrated passively by the researcher at end 

range. The steps above were repeated for ten repetitions and three sets required to complete the intervention. 

The total stretching time allocated was five minutes also equivalent to three hundred seconds of dynamic 

oscillatory stretching. 

 

Fig-II: AKET for measurement Method-Placement of Goniometer on Active Knee Extension 

Dosage: DOS: 5 minutes: 10 sec x 10 repetitions x 3 sets. Thirty seconds rest given in between sets. Meanwhile 

for Contract relax stretching technique (PNF) group, samples were instructed to push onto the researcher’s 

shoulder. 101,102, until 110 counting were used to standardized ten seconds hold duration. Besides, researcher 

proceed to bring the leg to new range with stretching movement, instruct patient to take normal breathing and 

relax for another ten seconds by maintaining position at the new range. Then steps above are repeated for ten 

times. Thirty seconds rest given in between sets and a total of three sets required to complete this intervention. 

Dosage: CR: 5 minutes: 10 sec x 10 repetitions x 3 sets.After the intervention, a five minutes rest was given to 

all samples before proceeding to do post-test assessment by measuring the new active knee extension degree by 

using goniometer. 

Statistical analysis: Data analysis performed using Statistical Package of Social Sciences (SPSS) version 23. 

Kolmogorov Smirnov test was used to check for the variables of pre and post intervention. Data were cleaned 

and checked for the missing values later feuded to the Microsoft Excel Sheet and charted for the numerical 

analysis. Several statistical measures such as mean, standard deviation and test of significance were analysed 

3. Results 

The Statistical Package of Social Sciences (SPSS) was used to analyze all the tabulated data. All descriptive 

data collected were analyzed with descriptive statistic.Thirty-six samples which divided into Group A (n=18) 

for dynamic oscillatory stretching and Group B (n=18) for contract relax stretching technique (PNF) 



 
 
 
 

 

421 

Journal for ReAttach Therapy and Developmental Diversities 
eISSN: 2589-7799 
2023 March; 6(3s): 417-426 

 

 

https://jrtdd.com 

Table-I:Data distribution of frequency and percentage of gender 

Variable Frequency Percent Valid Percent Cumulative Percent 

Valid 

Female 25 69.4 69.4 69.4 

Male 11 30.6 30.6 30.6 

Total 36 100.0 100.0 100.0 

 

Interpretation: 36 subjects participated in this experimental investigation. There are 25 females and 11 males, 

which is 69.4% and 30.6% respectively of the total participants. 

Table-II: Data distribution of Mean and standard deviation of age 

Variable N Minimum Maximum Mean Std. Deviation 

Age 36 18.00 25.00 22.0556 1.62031 

 

Interpretation: According to the information obtained, the mean age of all subjects is 22.06 with a 1.62 as 

standard deviation. 

After the intervention given, there was a post-test to measure is there any improvement of the ROM. Hence 

AKET with goniometer is used again to assess the ROM of hamstring muscle in the samples. Relationship of 

each intervention and the hamstring flexibility were measured and recorded. The average readings of AKET 

after both interventions are recorded. The data collected will be recorded in a data collection form. 

Table-III: Independent sample T-test values among the groups 

Test Value Intervention (DOS*) Intervention(CR**) 

 Pre –test value Post-test value Pre –test value Post-test value 

Mean 134.2778 141.7778 137.2222 144.5000 

Std. Deviation 5.27821 4.58329 7.59687 6.98949 

t-value -1.350 -1.382 

p-value 0.186 0.176 

*DOS- Dynamic oscillatory stretching                                         **CR-contract relax stretching 

 

Interpretation: The mean range of motion measurement of Active Knee Extension (AKE) test after both 

interventions given were recorded. The Intervention A (DOS), results show significant differences of p-value 

0.186 (p>0.05) and intervention B (CR PNF) shows significant differences of p-value 0.176 (p>0.05). The pre-

test mean value of ROM before the DOS was 134 and the post-test mean value is 141.7. Similarly, the pre-test 

mean value of ROM before the CR was 137 and the post-test mean value is 144.5. The results indicate that both 

the intervention are statically significant and that is suggestive of both the intervention can be used in terms of 

improving the hamstring flexibility. 
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Fig-III: Graphical representation of the t-test values 

 

 

Table-IV: Independent sample T-test values between the groups 

Intervention Group Mean Std. Deviation p-value 

DOS 141.7778 4.27821 
0.8557 

CR 144.5000 3.56319 

*DOS- Dynamic oscillatory stretching                            **CR-contract relax stretching 

 

Interpretation: The mean of range of motion measurement of active knee extension test when compared between 

two interventions given were recorded. The mean differences of ROM between Intervention A (DOS) 141.77 

and intervention B (CR PNF) 144.5 were compared using Independent Sample t test. The results shown no 

significant differences of p-value is 0.855 (p>0.05), between these 2 variables. Hence, null hypothesis is 

accepted as of no substantial difference found in the effectiveness of DOS and CR group according to the results 

recorded. 

4. Discussion 

Stretching is one of the famous physiotherapeutic intervention performed during the sports rehabilitation 

program, recommended to rise the muscle extensibility and ROM, also to line up the collagen fibers during the 

muscle healing process. Stretching technique also provide a new dimension for pre & post sports induced 

muscular recovery. 

In numerous researches, investigators examined various stretching  techniques on subjects with taut hamstrings, 

few authors report that both static and pre-contraction stretching are capable of increasing acute hamstring 

flexibility40,41,42, while others suggest static stretching43,44,45 or PNF stretching46,47 is more functional. PNF is a 

stretching technique that can produce effective outcomes such as range of motion gain and improve physical 

performance48. 

A study conducted on dynamic oscillatory stretching efficiency on hamstring extensibility and stretch tolerance, 

the result finding revealed that both static stretching and dynamic oscillatory stretching protocols can improve 

Pre-test, 134.2

Post-Test, 141.7

Pre-test, 137.2

Post-Test, 144.5

0 0.5 1 1.5 2 2.5

Independent sample t-test values 
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hamstring muscle extensibility. Though, the increased extensibility achieved within the dynamic oscillatory 

stretching group was greater than for the static stretching group, both immediately and one hour following the 

application of the intervention49. 

To further explanation, about the improved hamstring extensibility and perceived tolerance to the stretch 

demonstrated by the DOS group. This can be derived from theories of muscle property changes and reflex 

muscle relaxation, but is most likely explained by the improved stretch tolerance theory50,51,52. 

The finding of the current investigation indicates insignificant statistical difference between the DOS and CR 

PNF groups. The mean differences of ROM between Intervention A (DOS) 141.77 and intervention B (CR 

PNF) 144.5 were statically compared using Independent Sample t Test. The study results shown no significant 

differences of p-value i.e., 0.855 (p>0.05), between these 2 variables. This can be further justified as no 

statistically significant difference appeared as small sample sizes were recruited. But however, if the pre-test and 

post-test values on each stretching techniques is compared, it shows a valid statistical difference, which is 

indicative that both physiotherapeutic stretching procedures are effective in improving the hamstring flexibility 

among badminton players. 

Similarly, result finding of this present research is in line with a published article, which suggests that DOS is a 

combination of contract relax PNF technique, sustain stretching and mobilization physiologically with 

oscillation. Hamstring muscle considered as an agonist in hip flexion can be lengthening due to the contraction 

of antagonist muscle located on the opposite. When antagonist was contracted, the agonist able to relax better in 

a lengthen stage. Hamstring muscles can relax and improve the range of motion with oscillation applied at the 

end range helps in improving the mobility of the joint53. 

Besides that, recent research indicates DOS was useful in improving hamstring flexibility with an immediate 

effect of increase in stretch tolerance and muscle extensibility. Range of motion increased due to the contraction 

of quadriceps which allow the hamstring to relax and lengthen hence the stretch tolerance can be elevated. Pain 

sensation were reduced in all the samples due to the focus on quadriceps contraction and the oscillation at the 

end of DOS procedure that helps in breaking the adhesion between soft tissue54. 

The benefits of stretching techniques seem to be effective in increasing extensibility of tight muscle and 

reducing muscular pain. For improving the joint Range of Motion, any type of physiotherapeutic stretching is 

effectual, while PNF-based stretching stands to be more effective to achieve immediate gains. In order to 

preserve the muscle strength & enhance performance athletes are recommended to engage static stretching 

before competition or activity, whereas dynamic stretching is recommended for warm-up.55 

To prevent the decrease in strength and performance that may occur in athletes due to static stretching before 

competition or activity, dynamic stretching is recommended for warm-up55. 

5. Conclusions 

Good hamstring flexibility is important in preventing injury and improves physical performance.56 

This research intended to develop a rehabilitative framework by comparing the efficacy of two 

physiotherapeutic popular stretching techniques - dynamic oscillatory stretching and PNF contract relax. The 

research finding of this study indicates both dynamic oscillatory stretching and PNF contract relax would help in 

improving hamstring flexibility. Studies also suggest that conventional physical therapy treatment alone will 

have minimal effect, rather provided in a combination, the recovery is faster57. Thus, both physiotherapeutic 

procedures can be incorporated in sports rehabilitation to prevent on-site injury thereby improving the athlete’s 

recovery time & game performance. It is also suggestive that, active/self-stretching can be practiced in young 

adult’s badminton players to enhance game performance & minimize injuries. 
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