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Abstract 

Background  Before every sporting event, almost all athletes engage in a routine practice of warming up to prepare 
the body for peak performance. There has been a surge in popularity within the athletic world around the use of per-
cussive massage therapy (PMT).

Objectives  The objectives of this study were to see if using percussive massage therapy, foam rolling (FR), and ham-
string stretching (HStr) as part of a warm-up routine had any acute effects on flexibility, jumping performance, 
and range of motion in junior athletes, and if so, whether there was a significant difference in the acute effects 
of these treatment methods.

Methods  Thirty-nine junior athletes with at least 3 years of experience, male gender, age range above 17, seated 
flexion test < 40 cm, and a willingness to participate were all considered for admittance. Participants were randomly 
divided into three groups. Before and after the treatment, the seated flexion test, vertical jump test, active SLR, 
and active knee extension were measured.

Results  The study found significant improvement in all three groups when comparing them within the groups 
in the sit and reach test (PMT p < 0.001, FR p = 0.002, and HStr p = 0.001), active SLR (PMT p < 0.001, FR p < 0.001, 
and HStr p = 0.001), active knee extension (PMT p < 0.001, FR p = 0.002, and HStr p = 0.004), and vertical jump test (PMT 
p < 0.001, FR p = 0.011, and HStr (p < 0.001). Comparisons between groups showed significant differences among PMT 
vs. FR (p = 0.041) in vertical jump height and PMT vs. HStr (p = 0.034) in active SLR.

Conclusion  We detected a notable disparity in hamstring flexibility between the PMT and FR groups, as well 
as in vertical jump height between the PMT and HStr groups. However, there was no apparent alteration in active 
knee extension in all three groups.
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Introduction
Preparing the body for peak performance through warm-
ing up is a typical practice followed by almost all ath-
letes before every sporting event [1, 2]. It is often used to 
raise body and muscle temperature, enhance blood flow, 
reduce or prevent injury, and enhance performance [2, 3]. 
In recent years, the use of a non-vibrating foam roller [4] 
and a vibrating foam roller [5] as a tool for self-myofas-
cial release has shown substantial growth in popularity. 
Individuals use their own body weight to apply pressure 
to certain soft tissues while using a foam roller, thereby 
producing friction. Numerous studies have been con-
ducted to examine the immediate effects of foam roll-
ing on enhancing joint range of motion [6], improving 
muscle flexibility [3], and decreasing muscular stiffness 
[7] without compromising future performance measures 
such as sprint time, jump height [4], and muscle strength 
[8]. Several studies have shown that foam rolling inter-
ventions provide rapid enhancements in athletic perfor-
mance, including increases in strength and speed [9].

In recent years, there has been a surge in popularity 
within the athletic world around the use of percussive 
massage guns [10–14]. These devices possess the capac-
ity to vibrate at different frequencies, with a maximum 
frequency of 53  Hz. The devices may be outfitted with 
a range of attachment heads designed to accommodate 
diverse tissue types, including soft and bony tissues [14]. 
Despite the growing use of percussive massage in ama-
teur and professional sports, there is a dearth of schol-
arly research investigating its treatment outcomes and 
its immediate and long-term impact on athletic perfor-
mance [15]. The use of PMT has been associated to many 
key benefits, including the reduction of pain and mus-
cle spasms [13], an increase of blood and lymphatic cir-
culation [16], the improvement of range of motion, and 
the acceleration of the recovery process [12, 17]. Using 
a variety of stretching techniques, postures, and dura-
tions, hamstring stretching has been shown to enhance 
the range of motion in the knee joint, according to a sys-
tematic  literature review [18]. Another study found that 
a single hamstring stretch resulted in a minor, transient 
alteration in the dynamic ROM of the knee joint [19].

Numerous portable local vibrators have been employed 
in earlier research, including hand-held vibrating dumb-
bells [20], and strapped vibrators [21]. Utilizing local 
vibration devices during warm-up had an immediate 
influence on quadriceps function [22] and hamstring 
and quadriceps flexibility [23]. However, no research has 
been done on the use of PMT and its effect on warm-up 
regimens. A vibrating foam roller (VFR), which combines 
foam rolling methods with local vibration, has also been 
utilized in warm-up routines to enhance sports perfor-
mance [24]. The immediate impact of PMT has been 

demonstrated in several studies to affect joint ROM [14], 
perceived joint stability [11], muscular strength, and 
dynamic balance [5]. These studies compared vibrat-
ing massage to non-vibrating massage [11, 24] as well 
as the stretching method [19]. Currently, no study has 
compared the acute effects of PMT, FR, and HStr meth-
ods on athletic performance during warm-up routines. 
Therefore, the primary goal of this study was to see if 
using PMT, FR, and HStr as part of a warm-up routine 
had any acute effects on flexibility, jumping performance, 
and range of motion in junior athletes, and if so, whether 
there was a significant difference in the acute effects of 
these treatment methods. It was hypothesized that both 
PMT and FR would immediately improve junior athletes’ 
performance, and significant differences in the acute 
effects on performance between the three groups were 
also anticipated.

Materials and methods
Study design and sampling
This study was a double-blinded (participants and asses-
sor) randomized controlled trial. Convenience sampling 
was used to choose participants. The whole process of 
developing the research topic, collecting the data, ana-
lyzing the data, and writing up the findings took place 
between July and December of 2023.

Ethical statement
This study was performed according to the latest ver-
sion of the Declaration of Helsinki, and the experimen-
tal protocol was approved by the ethical review board of 
Mount Adora Hospital with the reference number MAH/
ERB:0212. Written consent was obtained from each 
participant for the voluntary participation of this study. 
The protocol of this study has been registered under 
the Clinical Trial Registry of India with the reference 
number: CTRI/2023/07/055794. The research has been 
documented according to the guidelines outlined in the 
Consolidated Standards of Reporting Trials (CONSORT) 
2017 guideline. The CONSORT flowchart, seen in Fig. 1, 
provides a clear visual representation of the trial’s plan.

Participants
Thirty-nine junior athletes were recruited from Bangla-
desh Krira Shikkha Prothisthan, Zirani, Dhaka. Profes-
sional athletes with at least 3  years of experience, male 
gender, age above 17, seated flexion test < 40 cm, and a will-
ingness to participate were all considered for admittance. 
Participants were not allowed to take part if they had a his-
tory of hamstring injury, such as a sprain (lasting less than 
3  months), or if they were currently experiencing any of 
the following: cardiac, respiratory, or neurological disease; 
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an open wound; a recent fracture of the lower extremity; 
or if they were currently taking muscle relaxants.

Sample size estimation
The sample size was calculated by the G* Power software, 
version 3.1.9.4 for Windows; test families: ANOVA, fixed 
effects, omnibus, and one-way were used. To calculate 
the sample size a priori: A computer-required sample 

size—given alpha, power, and effect size—was employed. 
We utilized a medium effect size of 0.60 [25], 90% power 
of the study, and an alpha value of 0.05. A total of 39 peo-
ple were needed (13 for each of the three groups).

Participant allocation
The study employed a randomized block design. There 
were thirteen participants in each block: Block A 

Fig. 1  CONSORT flow diagram of the trial
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(consisting of people ranked 1 to 13), Block B (consisting 
of participants ranked 14 to 26), and Block C (consisting 
of participants ranked 27 to 39). The blocks were subdi-
vided into three groups at random, which were then ran-
domly assigned to the PMT, FR, and HStr interventions.

Procedure
Participants were selected and enlisted based on pre-
established criteria for inclusion and exclusion. The par-
ticipants were provided with information on the purpose 
and goals of the research. Volunteerism was ensured by 
the acquisition of written consent to participate. Data 
on age, gender, body mass index (BMI), and height were 
collected for every participant. The subject’s height and 
weight were measured using a calibrated digital weigh-
ing scale. The modified sit and reach test was used to 
evaluate hamstring flexibility, a universal Goniometer 
was used to evaluate hip and knee range of motion, and 
the vertical jump test was used to evaluate hamstring 
muscle strength. These were conducted in a randomized 
sequence, with a break of 5 min between each. Data was 
collected at baseline and 5 min after the intervention. In 
order to mitigate data collection errors, we conducted the 
same test twice and recorded the best outcome value. For 
convenience, the measurement of the range of motion 
(active straight leg raise and active knee extension) was 
solely conducted on the dominant limb.

Intervention
Experimental group 1 (PMT)
The hamstring muscle was worked on for 5  min at a 
frequency of 53  Hz using the “hardball” head of a per-
cussive massage gun (China). The semitendinosus and 
semimembranosus muscles were massaged for a total of 
2.5 min, followed by 2.5 min of focus on the biceps femo-
ris muscle (Fig.  2a). Both hamstrings received the PMT 
for a total of 10 min (5 min on the right hamstring and 
5 min on the left).

Experimental group 2 (FR)
The foam roller was applied to participants in a sitting 
position. The participant positioned their hands behind 
their torso, while placing their left leg on their knees. 
Maintain extension of the right lower limb while posi-
tioning the foam roller under the right hamstring muscle 
(Fig.  2b). Engage in a reciprocal motion of rolling back 
and forth for a duration of 1  min, then transitioning to 
the other side. The participants rolled one hamstring 
for 5 min. When one leg is done, they switch and do the 
same thing with the other.

Experimental group 3 (HStr)
The supine position was used for the purpose of static 
hamstring stretching (HStr). The patient assumes a 
supine position on a table, whereby the therapist pro-
ceeds to perform a passive hip flexion maneuver, bringing 

Fig. 2  Intervention procedure of a percussive massage therapy, b foam rolling, and c hamstring stretching
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the hip joint to a 90-degree angle. This action subse-
quently induces extension of the knee joint to a tolerable 
extent. The proposed protocol included doing a 30-s 
hamstring stretching exercise followed by a subsequent 
30-s period of rest (Fig. 2c). A total of 5 min was spent on 
the exercise, with each of the five sets preceded by a 30-s 
static stretch and a 30-s rest period for both legs.

Outcome measurement
Modified sit and reach test
The participant was positioned on the floor, leaning 
against a wall, and it was required to remove their shoes. 
Ensure that both knees are in contact with the ground 
and that the legs are aligned straight in front. The box 
should be positioned horizontally against the feet by 
another individual. Instruct the participants to stretch 
their arms out towards the box while maintaining their 
backs and heads against the wall (Fig.  3a). Instruct the 
participants to put their hands side by side and gently 
lean forward as far as they can (your head and shoulders 
can drift away from the wall), maintaining their legs flat 
and their fingertips level with each other. To extend your 
reach, avoid jerking or bouncing. Take 2 s to maintain the 
full-reach position before recording the score. Vega et al. 
found that sit and reach tests demonstrated a moderate 
level of criterion-related validity in evaluating hamstring 
extensibility in a meta-analysis [26].

Active SLR
The test measured the angle of maximum flexion of the 
hip joint in a supine position when the leg was raised 
straightly. The lateral condyle of the femur was attached 
to a double-arm universal goniometer (Baseline Stainless 
Steel Goniometer; Fabrication Enterprises Inc., Elmsford, 
NY, USA), and the participant was asked to actively flex 
their hip to full flexion. The movement’s final point angle 
was noted (Fig.  3b). The test demonstrated exceptional 
interrater reliability in assessing hamstring flexibility [27].

Active knee extension
The subject was instructed to lie supine on the bed with 
the hip flex maximally supported with both hands and 
the contralateral hip and knee fully extended. The lateral 
condyle of the femur was attached to a double-arm uni-
versal goniometer (Baseline Stainless Steel Goniometer; 
Fabrication Enterprises Inc., Elmsford, NY, USA), and the 
participant was asked to actively extend their knee to full 
extension (Fig. 3c). The movement’s final point angle was 
noted. The test demonstrated exceptional interrater reli-
ability in assessing hamstring flexibility [27].

Vertical jump test
The vertical jump test was used to measure the vertical 
jump height. It is a widely used test to measure lower 
body power. First, the standing reach was recorded by 
keeping the feet flat on the ground. The athletes stand 

Fig. 3  Outcome assessment of a sit and reach test, b active SLR, c active knee extension, and d vertical jump
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next to a wall and reach up with the hand closest to the 
wall, and the point of the fingertips was marked. The per-
son then stands away from the wall and jumps vertically 
as high as possible, using both arms and legs to assist in 
projecting the body upwards. Attempt to touch the wall 
at the highest point of the jump (Fig. 3d). The difference 
in distance between the standing reach height and the 
jump height is the score. The best of two attempts was 
recorded. The vertical jump is widely regarded as a fun-
damental motor skill in several team sports. Test results 
have demonstrated significant intraclass correlation val-
ues ranging from 0.969 to 0.995 [28].

Statistical analysis
The program SPSS 25 (IBM Co., Armonk, NY, USA) was 
used for data analysis. Shapiro–Wilk test was used to 
determine the data’s normality (P > 0.05). Data are given 
as mean and standard deviation since the distribution of 
the data was normal. Baseline and post-intervention dif-
ferences between the independent variables within the 
various groups were analyzed using a paired t test. The 
difference between the scores obtained from the PMT, 
FR, and HStr groups baseline and post-intervention was 
analyzed using one-way analysis of variance (ANOVA). 
To determine the clinical significance of the statistical 
difference seen between the independent variables, post 
hoc analysis was done. The significance threshold was set 
at 0.05.

Results
Baseline demographics
In this present study, a total of 39 male participants 
took part. The mean age of the participants was 
20.87 ± 2.53 years. The participants’ mean weight, height, 
and BMI were 64.92 ± 8.62  kg, 173.05 ± 8.84  cm, and 
21.73 ± 2.78  kg/m2, respectively. This study found no 

statistically significant difference in baseline character-
istics among the three groups which are presented in 
Table 1.

Results from within‑group analysis
The study found significant improvement in the sit and 
reach test in all three groups when comparing them 
within the groups (PMT p < 0.001, FR p = 0.002, and 
HStr p = 0.001). Additionally, active SLR of the PMT 
(p < 0.001), FR (p < 0.001), and HStr (p = 0.001) groups 
showed significant improvement according to the study. 
Following the intervention, the active knee extension and 
vertical jump test scores also showed statistically sig-
nificant improvement in all three groups which are pre-
sented in Table 2.

Results from between‑group analysis
Multiple comparisons between groups showed sig-
nificant differences among PMT vs FR in vertical jump 
height and PMT vs HStr in active SLR. There was no sig-
nificant difference between PMT vs HStr and HStr vs FR 
in vertical jump height and PMT vs FR and HStr vs FR 
in active SLR. The study also found no significant differ-
ences in sit and reach test and active knee extension in all 
three groups. Details are presented in Table 3.

Discussion
The objective of this research was to examine if the inclu-
sion of PMT, FR, and HStr in a warm-up routine had any 
immediate impact on flexibility, jumping performance, 
and range of motion in junior athletes. Consistent with 
our expectation, we observed a significant difference in 
the immediate impacts of different treatment methods 
when compared them within the group which is in favor 
of our null hypothesis. Statistical analysis revealed sig-
nificant differences in vertical jump height between the 

Table 1  Baseline demographics of the participants

PMT percussive massage therapy, FR foam rolling, HStr hamstring stretching, BMI body mass index, SLR straight leg raising, SD standard deviation
* Significant

Variables PMT FR HStr P value

Mean SD Mean SD Mean SD

Age 20.77 ± 2.86 21.08 ± 2.90 20.77 ± 1.92 0.001*

Weight 63.54 ± 7.63 64.77 ± 8.40 66.46 ± 10.10 0.207

Height 175.47 ± 7.65 173.50 ± 7.21 170.57 ± 11.20 0.095

BMI 20.78 ± 2.56 21.52 ± 2.62 22.89 ± 2.93 0.336

Active SLR 84.31 ± 3.94 82.62 ± 6.72 85.08 ± 5.31 0.054

Active knee extension 47.92 ± 5.07 45.00 ± 6.28 45.31 ± 5.37 0.096

Sit and reach test 34.19 ± 3.90 33.20 ± 2.53 34.03 ± 2.49 0.346

Vertical jump test 21.07 ± 2.11 22.29 ± 1.69 22.24 ± 1.47 0.062
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Table 2  Baseline and post-intervention scores of PMT, FR, and HStr groups among the participants

PMT percussive massage therapy, FR foam rolling, HStr hamstring stretching, SLR straight leg raising, SD standard deviation
* Significant at < 0.05

Baseline to post-test

Variables PMT FR HStr

Mean SD P Mean SD P Mean SD P

Sit and reach test
  Baseline 34.19 3.90 < 0.001* 33.20 2.53 0.002* 34.03 2.49 0.001*
  Post 35.73 4.09 34.24 2.77 35.19 2.92

Active SLR
  Baseline 84.31 3.94 < 0.001* 82.62 6.72 < 0.001* 85.08 5.31 0.001*
  Post 89.31 4.59 86.23 5.64 87.92 4.89

Active knee extension
  Baseline 47.92 5.07 < 0.001* 45.00 6.28 0.002* 45.31 5.37 0.004*
  Post 43.92 5.80 41.92 7.50 42.69 6.52

Vertical jump test
  Baseline 21.07 2.11 < 0.001* 22.29 1.69 0.011* 22.24 1.47 < 0.001*
  Post 21.93 2.07 22.76 1.88 22.83 1.34

Table 3  Multiple comparisons between groups by one-way MANOVA in post-test (post hoc Tukey analysis)

PMT percussive massage therapy, FR foam rolling, HStr hamstring stretching, MD mean difference, Std. error standard error, SD standard deviation
* Significant at < 0.05

Variables Group MD Std. error 95% CI p

Sit and reach test PMT FR 0.507 0.340 − 0.182–1.198 0.144

HStr 0.384 0.340 − 0.305–1.075 0.266

FR PMT − 0.507 0.340 − 1.198–0.182 0.144

HStr − 0.123 0.340 − 0.813–0.567 0.720

HStr PMT − 0.384 0.340 − 1.075—0.305 0.266

FR − 0.123 0.340 − 0.567—0.813 0.720

Vertical jump PMT FR 0.392 0.184 0.017 – 0.767 0.041*

HStr 0.269 0.184 − 0.105 – 0.644 0.154

FR PMT − 0.392 0.184 − 0.767 to − 0.017 0.041*

HStr − 0.123 0.184 − 0.498–0.252 0.510

HStr PMT − 0.269 0.184 − 0.644–0.105 0.154

FR − 0.123 0.184 − 0.252–0.498 0.510

Active SLR PMT FR 1.384 0.980 − 0.603–3.372 0.166

HStr 2.153 0.980 0.166–4.141 0.034*

FR PMT − 1.384 0.980 − 3.372–0.603 0.166

HStr 0.769 0.980 − 1.218–2.756 0.438

HStr PMT − 2.153 0.980 − 4.141 to − 0.166 0.034*

FR − 0.769 0.980 − 2.756–1.218 0.438

Active knee extension PMT FR 0.923 1.025 − 1.156–3.002 0.374

HStr 1.384 1.025 − 0.694–3.464 0.185

FR PMT − 0.923 1.025 − 1.617–0.254 0.374

HStr 0.461 1.025 − 3.464–0.694 0.655

HStr PMT − 1.384 1.025 − 3.002–1.156 0.185

FR − 0.461 1.025 − 3.464–0.694 0.655
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PMT and Fr groups, as well as between the PMT and 
HStr groups in active SLR. Additionally, there was no 
notable disparity seen in any of the metrics across the 
other groups.

Previous research found that the dorsiflexion and plan-
tarflexion ranges of motion of the ankle joint were signifi-
cantly improved by the immediate effects of percussive 
massage therapy [14, 24, 29]. Percussive massage treat-
ment helps improve acute muscle strength, improve flex-
ibility, and reduce experiences of musculoskeletal pain 
reported in a systematic review [13]. Percussion mas-
sage devices have been shown to improve joint range of 
motion, but not to affect jumping or agility performance 
[12]. According to Weerapong et al. (2005), biomechani-
cal changes—that is, a decrease in muscle compliance—
as well as physiological, neurological, and psychological 
changes—that is, an increase in blood flow, a decrease in 
pain perception, and an increase in relaxation—are the 
mechanisms underlying the increase in range of motion 
after a massage [30]. Additionally, the increase in range 
of motion after the percussive massage therapy, foam 
rolling [31], and stretching [32] may also be explained by 
thixotropic effects. Pressure and friction are applied to 
the affected muscle, skin, and fascia during the percus-
sive massage therapy and foam rolling. This could affect 
the viscosity of the fluid, resulting in decreased resist-
ance to movement [31]. Regarding vibration treatment, 
a reduction in pain perception mostly accounts for the 
improvement in range of motion [33]. Therefore, it stands 
to reason that a reduction in muscular stiffness and 
improved flexibility would account for the ROM altera-
tions that occurred after the percussive massage therapy, 
stretching, and foam rolling.

In this present study, there was a significant improve-
ment in jumping performance following the intervention 
in all three groups. This study showed a significant differ-
ence between Physiogun and foam roller when compar-
ing them in within group. Similar to our study findings, 
Wang F. et  al. reported implementing vibrating foam 
roller may have an instantaneous beneficial impact on 
power, reactive strength, and change of direction capa-
bilities which could lead to an immediate enhancement 
in reactive strength performance [25]. In contrast to the 
findings of Kujala et  al., who observed no alterations in 
vertical jump performance after a 5-min percussive mas-
sage intervention targeting the muscles of the lower leg 
[10]. In contrast to the current study, Kujala et al. (2019) 
administered a massage that targeted the gluteal, quadri-
ceps, calves, and hamstring muscles of both legs however 
our study focused on percussive massage only for the 
hamstring muscle. The current study’s findings on mus-
cle performance align with those of a traditional massage 
[34], but diverge from the results of vibration treatment 

[29, 33], which have demonstrated an improvement in 
strength. One potential explanation for these findings 
is that vibration therapy may activate a greater number 
of muscle receptors across all three kinds, resulting in 
enhanced recruitment of motor fibers [29, 35].

Limitation and future recommendation
Initially, the individuals involved in our study were junior 
athletes. The outcomes could have varied if the experi-
ments had been carried out with athletes of a higher 
level. Furthermore, the repeated administration of mul-
tiple tests may have resulted in a diminished impact of 
the interventions in later tests. Moreover, manual timing 
in certain tests can be imprecise. This study focused on 
examining the immediate effects of percussive massage 
therapy. However, further research is necessary to inves-
tigate the long-term impacts of this therapy on a diverse 
population.

Conclusion
Handheld percussive massage therapy is an innovative 
method utilized by therapists and athletes. This study 
was the inaugural investigation to assess the impact of 
a percussive massage therapy on the hamstring muscle 
on the flexibility of the hamstring, range of motion, and 
jumping performance of junior athletes. We detected 
a notable disparity in hamstring flexibility between the 
PMT and FR groups, as well as in vertical jump height 
between the PMT and HStr groups. However, there 
was no apparent alteration in active knee extension in 
all three groups. Hence, we recommend incorporating 
a percussive massage therapy into an athlete’s warm-up 
routine to enhance their level of flexibility.
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