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ABSTRACT: The purpose of this study was to evaluate the effectiveness of proprioceptive neuromuscular facilities 

(PNF) stretching and foam roller on hamstring flexibility after four weeks of an intervention program among female 

athletes. Fourteen female athletes participated in this study. After the subject's demographic data were collected, they 

were divided randomly into Group A (PNF stretching), and Group B (PNF stretching + Foam Roller), and both groups 

underwent different intervention programs for a total of 12 sessions for four weeks. Group A applied contract-relax 

techniques, while Group B used both PNF stretching and foam roller. The hamstring flexibility measured using the sit 

and reach test. The result demonstrated no significant difference for post-test between Group A and Group B (p=0.071). 

However, there is a significant difference between pre-test and post-test for each group; Group A (p=0.026) and Group 

B (p=0.001). 
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I. INTRODUCTION  

Flexibility or the range of motion given group of joints or the level of tissue extensibility that a muscle group 

possesses. Flexibility is an essential part of motor abilities with human movement depending on the range of motion 

(ROM) available in synovial joints. Furthermore, flexibility is vital in preventing and rehabilitating musculoskeletal 

injuries (Shadmehr et al., 2009).   

Normal flexibility levels are maintained by regular physical activity and through specific stretching and 

strengthening exercises. Zachezewski et al. (1989) state that muscle flexibility is the muscle's ability to lengthen, 

allowing one joint or more than one joint in a series to move through a range of motion. Good muscle flexibility will 

allow muscle tissue to accommodate imposed stress more efficiently and allow efficient and effective movement. 

More efficiency and effectiveness in movement resulting from enhanced muscle flexibility will help prevent or 

minimize injuries and enhance performance.  

Proprioceptive muscular facilitation (PNF) stretching is generally considered one of the most effective 

stretching available forms. PNF is a stretching technique commonly used in clinical environments to enhance both 

active and passive range of motion, with the ultimate goal being to optimize motor performance and rehabilitation. 

Generally, an active PNF stretch involves a shortening contraction of the opposing muscle to place the stretch's target 

muscle, followed by an isometric contraction of the target muscle. PNF can be used to supplement daily stretching and 

is employed to make quick gains in range of motion to help athletes improve performance (Marek et al., 2005).  

The foam roller is a dense foam cylinder that a person rolls their bodyweight over to increase ROM for a 

specific body region, as a type of self-massage. It hypothesized that during the rolling, direct and sweeping pressure is 

exerted on the soft tissue causing the fascia to stretch and increase ROM and flexibility (Sullivan et al., 2013).  

Foam rolling enhances recovery and performance and has become more popular for athletes' recovery aid. 

Foam rolling can also improve the muscular function, joint range of motion, flexibility, and athlete performance or 
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active individuals, while it can also help decrease muscle soreness and overuse injuries (Stevens, 2013). 

Hamstring injuries are among the most common sports injuries and are a leading cause of time away from 

sports. The prevalence of these injuries is higher in sports associated with running and fast acceleration, resulting in 

increased strain on the hamstring muscles (Alzahrani et al., 2015). 

Jonhagen et al. (1994) stated that the most common cause of hamstring injuries in the sporting population 

was due to low hamstring flexibility. Participants in track, football, and rugby are especially prone to this injury given 

the sprinting demands of these sports, while dancers have a similar susceptibility due, in part, to the extreme stretch 

incurred by the hamstring muscles. This study's primary purpose was to evaluate PNF stretching and foam roller's 

effectiveness on hamstring flexibility after four weeks of an intervention program among female athletes. 

 

II. Methodology 

This cross-sectional study was conducted among 14 female athletes and be held at the arena court in 

Universiti Pendidikan Sultan Idris. The subjects were explained regarding the procedure and signed the consent form 

before the research, except for experienced hamstring injury, performing surgery or taking medication related to 

musculoskeletal, or pregnant. 

They were divided randomly into Group A (PNF stretching), and Group B (PNF stretching + Foam Roller) as 

shown in Figure 1. Both groups underwent different intervention programs for a total of 12 sessions for four weeks. 

 
      Figure 1:    Flowchart of the research design 

 

Group A performs the PNF stretching, which is very similar to the contract-relax technique shown in Figure 2. 

This technique applied when the agonist is too weak to activate correctly. The patient's restricted muscle is put in a 

stretch position followed by an isometric contraction of the restricted muscle. After the allotted time the restricted 

muscle is passively moved to a position of more significant stretch. Contraction times and efforts will remain the same 

as the contract-relax technique. The second stretching is hold-relax agonist, which can lengthen out tight muscle and 

increase passive range of motion. In this technique, the tight muscle is the antagonist, hence the agonist contracts. 
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Figure 2: PNF stretching for Group A 

 

Group B performed using foam rolling with PNF stretching (Hold and Relax) with three repetitions, as shown 

in Figure 3. Each repetition consisted of 30-sec continuous rolling of the hamstrings on the foam roller, from the 

ischial tuberosity to the posterior of the knee then 30-sec rest between repetitions (Miller & Rockey, 2006). Flexibility 

hamstring muscle will be taken before and after the stretching exercise. 

 

 
Figure 3: PNF stretching with a foam roller for Group B 

 

In this study, the researcher used sit and reach test to measure the hamstring flexibility, as shown in Figure 4. 

For the first visit, the participant will have to take the test by sit and reach test as a pre-test and the post-test with the 

same measurement tools after four weeks of intervention. Sit and Reach Test (SRT) was used to measure the 

hamstring flexibility. This test is vital because the tightness in this area is showed in lumbar lordosis, forward pelvic tilt 

and the low back pain. All data analyzed using Statistical Package for Social Science (SPSS) version 2.0. The pre-test 

and post-test data were analyzed using independent t-test, and among two groups using a paired t-test with the level 

of significance are set to p<0.05. 

 

 
Figure 4: Sit and reach test for hamstring flexibility 
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III. Results and Discussion 

There were a total of healthy 14 female athletes of UPSI students participated in the study. The demographic 

data collected included age, height, weight and body mass index (BMI) and completed a self-report screening 

questionnaire. The demographic data reported divided into different group consist of Group A and Group B. 

The participant was divided into seven people in each group. The participant age, height, weight and the 

body mass index indicated that they were from homogeneous groups. The descriptive characteristic of the subjects 

was presented in Table 1. 

Table 1: Demographic Data of Group A and Group B 

 
 

Table 2 demonstrated both groups' hamstring flexibility, which showed a significant difference in Group A 

between pre-test and post-test after four weeks of intervention (p=0.026). Group B showed a significant difference 

between pre-test and post-test after four weeks of intervention (p=0.001), as shown in Figure 5. However, there was 

no significant post-test between Group A and Group B after four weeks of intervention (p= 0.071). 

 

Table 2: Comparison between Group A and Group B after the intervention 

 
 

The foam rolling protocol showed an approximately more significant increase in sit-and-reach flexibility than 

the control group through the exact mechanisms responsible for the improvement is not currently known. There are 

several theories for the effectiveness of foam rolling. The most popular theory is that the connective fascia becomes 

fibrous and develops adhesions throughout the connected network, restricting the range of motion throughout the 

entire body. These restrictions can create abnormal strain patterns on the skeletal system causing improper 

alignment, pain and dysfunction (Verrall et al., 2001). 

 

 
Figure 5: Comparison between Group A and Group B after the intervention 
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The systematic treatment of this restriction via foam rolling, massage, or other soft tissue work may improve specific 

joint range of motion and improve overall flexibility by breaking the adhesions (Hopper et al. 2005). It is believed slow 

sweeping pressure promotes soft tissue extensibility as long as the pressure is applied to the area for 60-90 seconds 

(Paolini et al. 2009). We conclude that both group which applied PNF and foam roller did not show significant changes 

after four weeks of intervention, but demonstrated improvement compared to pre-test for Group A and Group B. 
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