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ABSTRACT 
 

BACKGROUND: The effect of percussion massage on hamstring 

flexibility is unknown. This study aimed to investigate the acute 

effects of percussion massage on hamstring flexibility and to 

compare its effectiveness with static stretching. 

METHODS: Fifty-four healthy individuals aged 18-25 years with 

at least 15 degrees of active knee extension were included in the 

study. The study was conducted between February and May 2022. 

The participants were randomly divided into 3 groups in this cross-

randomization study as percussion massage (n=18), static 

stretching (n=18), and control (n=18). The Active Knee Extension 

test and the Sit and Reach test were used as evaluation parameters, 

and assessments were performed pre-intervention and 30 min post-

intervention (acute). 

RESULTS: In both percussion and stretching intervention groups, 

the range of motion (ROM) gain in the Active Knee Extension test 

was statistically significant (p<0.05) compared to the control group. 

Active knee extension angle gain was similar between percussion 

and stretching interventions (p>0.05). It was found that hamstring 

flexibility improved significantly in both percussion massage and 

static stretching groups (p<0.05). However, considering the last 

measurement and flexibility gain values, it was found that 

percussion massage and static stretching had similar acute effects 

on hamstring muscle flexibility (p>0.05). 

CONCLUSION: Percussion massage had an acute positive effect 

on hamstring flexibility and ROM, and it was as effective as static 

stretching. Therefore, percussion massage devices are 

recommended as part of pre-exercise in a structured warm-up for 

increase in joint range of motion and flexibility. 

KEYWORDS: Percussion massage, Hamstring flexibility, Static 

stretching, Acute effect 
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INTRODUCTION  
 

The hamstrings are a group of muscles made up 

of the semimembranosus, semitendinosus, and 

biceps femoris muscles (1). While these muscles 

are responsible for the movement of the hip and 

knee joints, they also control the alignment of the 

pelvis and spine (2). Flexing the knees in many 

activities or a sedentary life style may shorten the 

hamstring muscle, thus reduce flexibility (1). 

Hamstring shortening causes a decrease in 

posterior pelvic tilt and lumbar lordosis, leading 

to impaired postural alignment (2), and is 

considered one of the primary risk factors for 

hamstring strains (3). Decreased muscle 

flexibility can lead to changes in joint range of 

motion and damage in the musculoskeletal 

system (4).  To prevent conditions such as 

postural changes, pain, and injury, it is important 

to maintain normal muscle length and regain the 

flexibility of shortened muscles (1,5). 

Manual stretching exercises and mechanical 

applications are performed to increase muscle 

length (1). Stretching exercises can be listed as 

static, dynamic, ballistic, and proprioceptive 

neuromuscular facilitation (6). Static stretching is 

defined as gentle stretching applied to the muscle 

at the end point of the associated joint motion. 

With static passive stretching, the autogenic 

inhibition mechanism is activated, the 

viscoelastic properties of the tissue change, and 

the range of motion of the joint increases (3,7). In 

time-based examinations, it was concluded that 

the most effective application in gaining joint 

range of motion was 30 seconds of static 

stretching (4).  

Another current method that is an alternative 

to stretching exercises in gaining flexibility is 

percussion massage therapy. Percussion massage 

therapy has gained popularity in the therapeutic 

and athletic communities over the past few years. 

Different manufacturers (eg., Theragun and, 

Hyperice) provide percussion devices for both 

self-massage and massage by a therapist. Such 

devices can vibrate at different frequencies up to 

53 Hz. Depending on the tissue (i.e., soft tissue 

versus bony tissue), several attachment heads can 

be fixed to the devices so that local points can be 

massaged (8). This treatment combines elements 

of traditional massage and vibration therapy (8–

11). With rhythmic contraction and relaxation, 

the Golgi tendon organ is stimulated, reducing 

abnormal muscle contraction and improving 

muscle length (12). Massage applied for 5 

minutes with a hand-held percussion device 

provides an increase in ROM with the effect of 

myofascial relaxation (8). 

To the best of our knowledge, there exists no 

study comparing the effectiveness of stretching 

exercise and percussion massage therapy, which 

has a positive effect on the flexibility of the 

hamstring muscle. How percussion massage 

therapy, which has become popular recently, 

leads to a change in joint range of motion by 

improving muscle flexibility compared to static 

stretching needs exploration. Our hypothesis was 

that percussion massage, similar to static 

stretching, would produce positive improvements 

in hamstring flexibility. Therefore, in our study, 

we aimed to compare the acute effect of static 

stretching exercise and percussion massage 

therapy on hamstring muscle flexibility. 

 

MATERIALS AND METHODS 

 

The study, which was designed as “cross-

randomization”, was carried out in the 

Rehabilitation Unit of the Süleyman Demirel 

University Faculty of Medicine, Department of 

Sports Medicine, between February and May 

2022 (NCT05607914). The sample size of the 

study was calculated with the G Power 3.1 

program using the study of Nakamura et al. 

(effect size d=0.705) as reference (13). A total of 

54 healthy individuals aged 18-25 years with at 

least 15 degrees of active knee extension were 

included in the study. Those who had hamstring 

injury in the last two years, had neurological 

problems in the lower extremity and lumbar 

region, and those who participated in a similar 

study within the last year were excluded from the 

study. In accordance with the cross-

randomization procedure, the participants were 

divided into 3 randomization groups, namely 

percussion massage, static stretching, and control 

(Figure 1). They were informed about the study 

and asked to sign a written consent form. The 
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ethics committee approval of the study was 

obtained from Süleyman Demirel University 

Faculty of Medicine Clinical Research Ethics 

Committee (28/01/2022/72867572-050.01.04). 

After the demographic characteristics of the 

participants were recorded, the dominant 

extremity was identified, and the baseline 

measurement before the application was 

performed. Dominant extremity was determined 

as the extremity preferred by individuals for 

hitting the ball (14). Then, the application was 

administered followed by the final measurement. 

The Active Knee Extension test (in the sitting 

position) and the Sit and Reach test were 

performed to evaluate hamstring flexibility. 

Before the tests, the participants were not allowed 

to have trials not to cause an increase in 

flexibility and angle. 

Active knee extension test: In this test, which is 

used to evaluate hamstring flexibility in the 

sitting position, the participant was asked to sit on 

the edge of the stretcher and the hip-knee flexion 

angle was adjusted to 90°. For the measurement 

of active knee extension degree, a double-arm 

universal goniometer (Baseline Stainless Steel 

Goniometer; Fabrication Enterprises Inc., 

Elmsford, NY, USA) was placed on the lateral 

condyle of the femur and the participant was 

asked to actively extend the knee to full 

extension. The angle at the end point of the 

movement was recorded (12).  

Sit and reach test: While sitting in a long sitting 

position with their knees straight and their bodies 

upright, the participants were asked to touch the 

assessment table with the soles of their bare feet. 

In this position, they were told to reach as far as 

they could reach on the desk with their elbows 

straight and palms facing the floor. The test was 

completed by the physiotherapist, who made the 

evaluation, by controlling the participant’s 

maintaining the lower extremity position during 

the test, making sure that the heel did not leave 

the bench. By measuring the distance between the 

fingertip and the assesment table, those who 

could reach the table got “0” score, those who 

could reach beyond the table received (+) cm, and 

those who could not reach received (-) cm. The 

best value of two measurements was recorded 

(15). 

Application procedure: Since no application 

was made in the control group, the participants 

were asked to rest for 30 minutes after the 'initial 

measurements' were administered. Then, the 'final 

measurements' were administered and recorded. 

To increase hamstring flexibility acutely, two 

different groups were created, namely the Static 

Stretching Exercise Group and the Percussion 

Massage Group. 

For the static stretching exercise, the 

participant was asked to lie down in the supine 

position. The investigator passively flexed the 

dominant extremity hip to 90°, extending the 

knee to the maximum that could be tolerated. At 

the maximum point, the position was maintained 

for 30 seconds, and then the hamstring muscle 

was relaxed and rested for 30 seconds. A total of 

5 minutes of application was completed by 

performing 5 repetitions with 30 seconds of static 

stretching and 30 seconds of rest in each period 

(8,16). 

Percussion massage was applied to the 

dominant hamstring muscle for 5 minutes at 53 

Hz frequency with the “hard ball” head of the 

Hypervolt (Hyperice, California, US) device 

(Figure 2). Semitendinosus and 

semimembranosus muscles were focused in the 

first 2.5 minutes of the massage treatment, and 

the biceps femoris muscle in the second 2.5 

minutes. In the first part of the application, the 

massage was started from the medial side of the 

muscle, paying attention to the equal amount of 

pressure applied throughout the massage. The 

massage was completed by moving the device 

from distal to proximal and from proximal to 

distal in a straight line within 20 seconds. In the 

last 2.5 minutes, the massage device was moved 

laterally at the distal end of the muscle, and the 

application was made from distal to proximal and 

then distally. Thus, the massage for each muscle 

started from the medial and ended laterally (8). 
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Figure 1: Flowchart of participants 
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After the application, the participants were told to 

rest for 30 minutes, and at the end of 30 minutes, 

the measurements were repeated in all groups by 

the same physiotherapist. On the 4th and 7th days 

of the application, the people in the groups were 

interchanged and the whole procedure was 

repeated using the cross-randomization method. 

Subjects completed the three intervention 

conditions in different orders (Table 1).

 

Table 1: Applications during cross randomization. 
 

 1st randomization group 

(n=18) 

2nd randomization group 

(n=18) 

3rd randomization 

group (n=18) 

1 day Percussion massage Static stretching Control 

4 days Control Percussion massage Static stretching 

7 days Static stretching Control Percussion massage 

 

Statistical analysis: Statistical analysis was 

performed with SPSS v.26.0 program (IBM 

Corp., Armonk, NY, USA). The suitability of the 

data for normal distribution was tested with the 

Kolmogorov Smirnov test and it was found that 

the groups were not suitable for normal 

distribution. The Friedman test was used to 

analyze the difference between groups. The 

Wilcoxon signed rank test was used to analyze 

the within-group difference. A p value of <0.05 

was considered significant. Data are presented as 

mean±standard deviation, frequency (n), and 

percentage (%). 
 

RESULTS 
 

The study was conducted with a total of 54 

participants with hamstring shortness. 

Demographic characteristics of the participants 

are given in Table 2. 
 

Table 2: Demographic and descriptive data of 

participants. 
 

Variable and Category  Frequency (%) 

Age (years) (mean±SD)  22.48±0.15 

Gender Female  42(77.8%) 

Male  12(22.2%) 

Height (cm)  167.44±0.69 

Body Weight (kg)  65.24±2.61 

BMI (kg/m2)  22.49±0.45 

Exercise Habit Yes  7(13%) 

No  47(87%) 

Dominant Extremity Right  52(96.3) 

Left  2(3.7%) 

BMI: Body Mass Index, Age and height variables are given 

as Mean±SD since they fit the normal distribution.  

 

In both percussion and stretching groups, the 

range of motion (ROM) gain in the Active Knee 

Extension test was statistically significant 

compared to the control group (p<0.05). 

However, the active knee extension angle gain 

was similar between percussion and stretching 

groups (p>0.05) (Table 3). 

There is a difference between groups 

denoted by different letters. ROM: Range of 

motion of the joint. According to the findings 

presented in Table 4, percussion massage and 

static stretching applications and hamstring 

flexibility improved significantly in both groups 

(p<0.05). However, when the last measurement 

and flexibility gain values were taken into 

account, the acute effects of percussion massage 

and static stretching on hamstring muscle 

flexibility were similar (p>0.05). 

The elasticity gain was statistically 

significant between the baseline and final 

measurement of the control group (p<0.05). In 

addition, in the last measurement of the control 

application, there was a statistically significant 

difference between percussion massage and static 

stretching applications (p<0.05). 
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Table 3: Active knee extension test results of the groups. 
 

Variable and 

category 

 Percussion Stretching Control Intergroup p 

 

 

ROM (°) 

Beginning 73.41±0.41 73.31±0.44 73.65±0.41 0.782 

End 83.76±0.70a 83.48±0.69a 74.63±0.36b 0.0001 

ROM gain 10.29±0.53a 9.94±0.52a 0.98±0.14b 0.0001 

In-group p 0.0001 0.0001 0.0001  
 

Table 4: Comparison of hamstring flexibility of the groups. 
 

Variable  Percussion Stretching Control Intergroup p 

       

 

Sit-Reach Test (cm) 

Beginning 18.54±1.12 18.13±1.11 18.42±0.07 0.491 

End 20.93±1.01a 20.67±1.01a 19.95±1.05b 0.007 

Flexibility gain 2.41±0.29a 2.54±0.24a 1.54±0.09b 0.004 

In-group p 0.0001 0.0001 0.0001  

There is a difference between groups denoted by different letters 

 

DISCUSSION 
 

In this study, the effects of percussion massage 

and static stretching on hamstring flexibility were 

compared and it was observed that both 

applications provided an acute increase in active 

knee extension angle and hamstring flexibility. 

However, it was determined that percussion 

massage and static stretching were not superior to 

each other.  

Percussion massage increases muscle length 

and flexibility via various physiological changes 

that occur during application (8,13,17,18). 

Percussion massage can change the fluid 

viscosity by causing pressure and friction on the 

applied muscle, skin, and fascia, thus leading to 

less resistance to movement. It was reported in 

the literature that percussion application can 

provide an increase in ROM by reducing the 

perception of pain (8). Therefore, it can be 

hypothesized that the changes in ROM following 

percussion massage can be explained by the 

reduction in muscle stiffness as well as the 

changes in pain perception (8). Another theory is 

that the Pacinian sensory receptors 

(mechanoreceptors) have a great influence on 

movement control and muscle activity, resulting 

from their response to local vibrations 

(18). Therefore, local vibrations applied with the 

percussion device can reduce the sensitivity to 

changes in muscle tension and muscle length, and 

an increase in ROM can be observed. 

It has been reported in recent studies that 

percussion massage applied to the plantar flexor 

muscles of healthy individuals increases the range 

of motion of the ankle joint (8,13). In the 

systematic review conducted by Martin in 2021, 9 

studies were reviewed and it was stated that 

percussion massage is an effective method for 

increasing lower extremity ROM(17). Jung et al. 

investigated the effect of local vibration massage 

on ROM in young patients with posterior 

shoulder tension and found an increase in the 

degree of internal rotation with shoulder 

adduction (18). Peloquin et al. evaluated the 

effect of massage application with a percussion 

massage gun on hamstring flexibility with the Sit 

and Reach test and determined that hamstring 

flexibility increased after 48 hours (19). In this 

study, which we conducted with healthy 

individuals with hamstring shortness, it was 

determined that percussion massage acutely 

increased knee ROM and hamstring flexibility in 

line with the literature. 

Static stretching provides positive 

improvements in flexibility by helping to increase 

muscle length (20). Cini et al. examined the acute 

effect of passive static stretching applied at 

different times on hamstring flexibility and 

reported that static stretching increases hamstring 

flexibility regardless of time (21). In a study 

examining the effect of active and passive static 

stretching on hamstring ROM, it was seen that 
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both applications increased ROM acutely, but the 

amounts of increase were similar (20,22). In our 

study, it was found that static stretching, which 

was applied similar to the literature, had acute 

positive effects on hamstring flexibility. Although 

the mechanisms responsible for the increase in 

muscle length after stretching are not fully 

understood (22), the theory that stress applied 

during stretching increases the number of serial 

sarcomere may explain this situation (23). On the 

other hand, the increase in viscoelasticity with the 

effect of stretching leads to a decrease in muscle 

and connective tissue stiffness, thus increasing 

the extensibility of the muscle (23).  

To the best of our knowledge, the acute 

effects of percussion massage and static 

stretching on hamstring flexibility have not been 

studied before, and our study is the first study in 

the literature in this respect. The limitation of our 

study is that the effect of percussion massage on 

hamstring flexibility was examined only in the 

acute period, and its long-term results were not 

evaluated. It is recommended to examine the 

long-term effects in future studies. It is thought 

that our study will be a guide for future studies. 

Considering that percussion massage can be used 

as an alternative method to static stretching to 

prevent hamstring injuries and can increase 

flexibility in the chronic period, we recommend 

that future studies be conducted in this direction.  

In conclusion, it was revealed that 

percussion massage is as effective as static 

stretching to increase hamstring flexibility and 

ROM in the acute period. In the light of the 

findings, it can be recommended to use 

percussion massage devices as a part of pre-

exercise in a structured warm-up for increase in 

joint range of motion and flexibility. On the other 

hand, it would be appropriate to examine the 

effects of percussion massage on different 

variables such as muscle pain, muscle activation, 

reaction time, and strength in further studies.  
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