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Foam rolling is wide ly adopted in sports for pos t-exercise recovery through
se lf-myofascia l re lease . Recent advancements integra te vibra tion into
traditiona l foam rolle rs , te rmed vibra tion foam rolling (VFR), which may
enhance tis sue s timula tion, flexibility, and recovery. However, exis ting
s tudies predominantly focus on acute VFR effects , with limited explora tion
of its prolonged impact on collegia te footba lle rs . This s tudy compared
6-week VFR and non-vibra tion foam rolling (NVFR) inte rventions on
lower-limb fitness in male collegia te footba lle rs (n = 30). Participants were
randomized into VFR or NVFR groups , both comple ting twice -weekly
s tandard footba ll tra ining followed by the ir ass igned inte rvention. Fitness
components—speed (20-m sprint), power (horizonta l jump), agility (Illinois
agility tes t), ba lance (Y-ba lance tes t), and flexibility (s it-and-reach)—were
assessed pre -tes t, pos t-te s t 1 (a fte r firs t sess ion), and pos t-te s t 2 (pos t-6
weeks). Results indica ted s ignificant speed and power improvements in
both groups , though VFR demons tra ted superior acute -phase ga ins . Agility
improved s ignificantly only in the VFR group afte r both acute and 6-week
inte rventions . Ba lance remained unchanged in both groups . Flexibility
increased s ignificantly in both groups afte r 6 weeks , but VFR yie lded more
pronounced short- and long-te rm improvements . Overa ll, VFR exhibited
advantages in agility and flexibility enhancement, while both methods
effective ly improved speed and power. The findings sugges t tha t VFR and
NVFR are viable for enhancing lower-limb fitness in collegia te footba lle rs ,
with VFR potentia lly offe ring additiona l benefits . Coaches and a thle tes may
cons ide r integra ting foam rolling, pa rticula rly VFR, into tra ining regimens to
optimize recovery and performance . Future resea rch should inves tiga te
long-te rm effects and sport-specific outcomes of foam rolling inte rventions .

https://www.ojs.wisvora.com/index.php/itphss/index
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1. Introduction
1.1 Study Background
Phys ica l fitness components can be broadly divided into hea lth-re la ted and skill-re la ted

(Chu e t a l., 2016). Lower limbs’ fitness components plays a key role in footba ll
competitions . Speed, explos ive power, agility, ba lance , and flexibility of lower limbs’
fitness components , which are particula rly important for footba ll players (Adil e t a l., 2018;
Farley e t a l., 2020; Kariyawasam et a l., 2019; Yusuf e t a l., 2022). Research by Rahnama
et a l. (2005) shows tha t be tte r flexibility and joint mobility can he lp a thle tes make grea te r
movements and comple te more touches and passes , Manolopoulos e t a l. (2013) found
tha t superior explos ive power makes it eas ie r for footba ll players to mainta in advantages
when sprinting, jumping, shooting, e tc. And Trecroci e t a l. (2018) pointed out tha t agile
and flexible lower limbs can a llow athle tes to be tte r control the ba ll and break through on
the court. The combina tion of these lower limbs’ fitness components and technica l and
tactica l abilitie s will ultimate ly improve a thle tes ' running dis tance , number of sprints ,
number of shots , e tc. in the game, and may improve the team's ba ll possess ion ra te ,
number of goa ls , winning ra te (Carling, 2013; Sarmento e t a l., 2014), thus affecting the
outcome of the entire game. The college period is a s tage for collegia te footba lle r to
effective ly practice footba ll skills and awareness . Collegia te footba lle rs need to frequently
perform high-intens ity sprints , changes of direction, jumping and other actions during
games , which a lso places extremely high demands on the fitness components of the
lower limbs . However, during s trenuous exercise in footba ll matches , lower limbs’
muscles will rapidly accumula te la rge amounts of lactic acid, leading to muscle fa tigue
and s trength decline (Robineau e t a l., 2012; Rampinini e t a l., 2011). Afte r footba ll
matches , this accumula tion of fa tigue not only affects the immedia te performance of
footba lle rs , but may a lso have an adverse effect on subsequent tra ining and competition.
Therefore , it is particula rly important to find effective recovery methods to reduce muscle
fa tigue and res tore lower limb fitness components .
In recent years , foam rolling have been wide ly used in the sports fie ld as a

se lf-re laxa tion and massage tool (Wiewelhove e t a l., 2019). Us ing a foam rolling can
produce effects s imila r to a massage , e ffective ly promoting muscle recovery through
mechanisms such as viscoe las tic deformation caused by mechanica l pressure , improved
blood circula tion, and regula tion of nerve excitability. (Jo e t a l., 2018; Rey e t a l., 2019;
Schroeder &Bes t, 2015). According to some research, foam rolling may increase muscle
suppleness and joint range of motion (Alonso-Calve te e t a l., 2022). Furthermore , foam
rolling has been shown in certa in s tudies to enhance a thle tes ' s trength and performance
in the near te rm, but the s ix-week benefits a re unknown (Pagaduan e t a l., 2022). All
things cons idered, foam rolling is a cheap and practica l recupera tion technique .
Collegia te footba lle rs may effective ly re lax the ir lower extremity muscles a fte r workout by
us ing foam rolling.
On the bas is of traditiona l foam rolling, the emerging vibra tion foam rolling add

vibra tion s timula tion. Mechanica l vibra tion can activa te proprioceptors in tendons and
cause s tre tch re flexes , thereby promoting muscle contraction and blood circula tion
(Nakamura e t a l., 2021). Vibra tion foam rolling may have grea te r phys iologica l e ffects
than regula r foam rolling (Reiner e t a l., 2021). Current research shows tha t vibra tion foam
rolling can s ignificantly improve joint mobility and flexibility, but the effects on s trength
and performance are controvers ia l (Jo e t a l., 2018; Rey e t a l., 2019). In addition, exis ting
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research mostly focuses on the genera l popula tion or other sports , and research on
footba lle rs , especia lly collegia te footba lle rs , is s till ve ry limited.
Collegia te footba lle rs ' high-intens ity demands on lower limbs necess ita te e ffective
pos t-exercise recovery to prevent fitness decline and injury risks . Foam rolling
inte rventions—particula rly vibra tion-enhanced variants—show promise in improving
flexibility and joint mobility through mechanica l and neuromuscula r s timula tion, though
the ir longitudina l e ffects on s trength and performance remain unclear. This 6-week s tudy
inves tiga tes both vibra tion and non-vibra tion foam rolling's impacts on collegia te players '
lower-limb fitness components , address ing current research gaps in sport-specific,
non-acute applica tion evidence .

The research ques tion of this s tuyd is What are the e ffects of 6 weeks of vibration
and non-vibration foam rolling on lower limbs ’ fitness components in collegiate
footballers?

The hypotheses of this s tudy is : Vibration foam rolling will lead to greater
improvements in lower limbs ' fitness components compared to non-vibration foam rolling
in collegiate footballers following a 6-week intervention.
This s tudy examines s ix-week vibra tion (VFR) and non-vibra tion foam rolling (NVFR)

inte rventions integra ted with footba ll tra ining for collegia te a thle tes . Focus ing on critica l
lower-limb attributes—speed, agility, power, ba lance , and flexibility—it addresses the
preva lent muscle fa tigue and injury risks in high-intens ity sports . By eva lua ting both acute
and sus ta ined effects , the research provides practica l ins ights for optimizing recovery
protocols and injury prevention s tra tegies . The empirica l outcomes will guide coaches in
evidence-based tra ining program des ign while es tablishing founda tiona l da ta for future
sport-specific foam rolling research.

2. Literature Review
2.1 Acute Effects of Vibration and Non-Vibration Foam Rolling on Athle tic
Performance
Studies by Akcay e t a l. (2023), Tsa i and Chen (2021), and Rey e t a l. (2019) found tha t

vibra tion and non-vibra tion foam rolle r inte rventions did not result in acute improvements
in speed, agility, flexibility, and jumping ability in volleyba ll players . Although most s tudies
found tha t foam rolle rs were not able to s ignificantly improve phys ica l fitness components
such as explos ive power and agility in the short te rm, there are some diffe rent opinions .
For example , a s tudy by Lin e t a l. (2020) found tha t the use of vibra tion foam rolle rs a fte r
dynamic s tre tching s ignificantly reduced muscle s tiffness in badminton players , thereby
he lping to prevent sports injuries . This result may be due to the diffe rent requirements of
diffe rent sports for lower limb fitness components . Explos ive sports (such as volleyba ll
and baske tba ll) require higher explos ive power and agility in the lower limbs , while sports
such as badminton focus more on flexibility and coordina tion. Therefore , the acute effects
of foam rolle rs on diffe rent lower limb fitness components a re a lso diffe rent. In addition,
the inte rvention time and tes t indica tors of diffe rent s tudies may a lso lead to biased
results . Exis ting research results show tha t the acute effects of foam rolle rs on exercise
performance may vary depending on the characte ris tics of the exercise program,
inte rvention time and tes t indica tors . In explos ive sports , it is difficult for foam rolling to
s ignificantly improve a thle tes ' explos ive power and agility in the short te rm; while in
flexibility and coordina tion sports , vibra tion and non-vibra tion foam rolle rs may play a
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certa in role in preventing injuries by reducing muscle s tiffness .
There are re la tive ly few studies on the non-acute effects of foam rolle r, but some

findings sugges t the potentia l of vibra tion and non-vibra tion foam rolling to improve
fitness components . Pagaduan e t a l. (2022) compared the effects of 8 weeks of foam
rolling, core s tability tra ining and a control group on lower limbs’muscle s trength, jumping
performance , dynamic ba lance and flexibility. The results showed tha t foam rolling can
s ignificantly improve core s trength endurance and dynamic ba lance , but foam rolling has
no s ignificant impact on lower limbs’muscle s trength, jumping performance and flexibility,
This is cons is tent with previous research on the benefits of foam rolling in promoting
performance of fitness components .

2.2 Effects of Vibration and Non-Vibration Foam Rolling on Post-Exercise
Recovery
Multiple s tudies have supported the pos itive role of foam rolling in promoting

pos t-exercise recovery, but there are some diffe rences in the specific e ffects of diffe rent
s tudies . Research by Rahimi and Amani-Sha lamzari (2020) found tha t compared with
pass ive recovery, futsa l a thle tes ' use of foam rolling afte r high-intens ity competitions can
improve lower limbs’ s trength, acce le ra te lactic acid clearance , and subjective recovery
perceptions . The s tudies by Romero-Mora leda e t a l. (2019) and de Benito e t a l. (2019)
further found tha t compared with non-vibra tion foam rolling, vibra tion foam rolling may
have more advantages in re lieving pa in afte r sports muscle injuries and improving joint
mobility, ba lance , and s tability. This may be due to vibra tion s timula tion enhancing
muscle re laxa tion and blood circula tion, thereby promoting injury recovery and body
function recovery. However, the research of Nakamura e t a l. (2022) a lso pointed out tha t
a lthough the vibra tion foam rolle r can acute ly increase the range of knee joint mobility, it
will a lso lead to a short-te rm decrease in muscle s trength, and the vibra tion frequency
has no effect on this e ffect. Ruggie ri e t a l. (2021) found tha t a lthough hamstring activity
increased in both legs us ing vibra tion and non-vibra tion foam rolling, foam rolle r, vibra tion
foam rolle r, and vibra tion a lone may decrease lower extremity performance measures ,
which may cause a decrease in a thle te performance . Taken toge ther, both s tudies
sugges t tha t while a vibra tion foam rolle r can improve joint range of motion and
movement, it may decrease muscle s trength and performance in the short te rm. Exis ting
evidence genera lly supports the role of foam rolling in promoting pos t-exercise recovery.
Vibra tion foam rolling may be more effective than non-vibra tion foam rolling in re lieving
muscle pa in, improving joint mobility and ba lance ability through mechanisms such as
enhancing muscle re laxa tion and blood circula tion. However, vibra tion foam rolling may
also cause muscle s trength to decrease in the short te rm, so we need to weigh the pros
and cons when us ing it.

2.3 Summary of Literature Findings
Current research on the non-acute effects of foam rolling on a thle tic performance and

recovery remains limited and incons is tent. However, evidence sugges ts tha t vibra tion
and non-vibra tion foam rolling may improve phys ica l fitness , recovery, joint mobility, and
reduce muscle s tiffness and pa in perception when integra ted into tra ining. While acute
effects vary by sport—showing limited benefits in explos ive sports like volleyba ll—foam
rolling may aid injury prevention in agility sports like badminton. Future s tudies should
prioritize la rge-sca le non-acute research to sys tematica lly assess foam rolling's e ffects
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across a thle te leve ls and further explore vibra ting foam rolling's mechanisms . In summary,
incorpora ting foam rolling into tra ining may benefit a thle tes ' fitness and recovery, though
more research is needed to es tablish clear guide lines for diverse sports contexts .

3. Methodology and Procedures
3.1 Research Des ign
This s tudy adopted a randomized controlled tria l des ign, and a imed to explore the

effects of 6 weeks of non-acute vibra tion and non-vibra tion foam rolle r inte rvention on the
fitness components of the lower limbs of collegia te footba lle rs . 30 male collegia te
footba lle rs participa ting in this experiment were randomly divided into a vibra tion foam
rolling (VFR) group (n = 15) and a non-vibra tion foam rolling (NVFR) group (n = 15). The
experiment las ted 6 weeks , where they performed a s tandard footba ll tra ining followed
immedia te ly by foam rolling inte rvention. Before the s ta rt of the experiment. The
indica tors of fitness components for the lower limbs tha t were se lected for the s tudy
included: speed (20-m sprint tes t), horizonta l power (horizonta l jump), agility (Illinois
agility tes t), ba lance (Y balance tes t), and flexibility (s it and reach tes t). These indica tors
came from the hea lth and skills components , and were close ly re la ted to the specific
demands of footba ll (Adil e t a l., 2018; Farley e t a l., 2020; Kariyawasam et a l., 2019; Yusuf
e t a l., 2022). Data was collected a t 3 points , namely pre-tes t (before the s ta rt of the
experiment), pos t-tes t 1 (a fte r firs t sess ion of inte rvention) and pos t-tes t 2 (a fte r s ix
weeks of inte rvention) (Figure 3.1).

Figure 3.1 The procedure of experiment.

3.2 Participants
A priori power ana lys is was conducted us ing G * Power software (vers ion 3.1.9.4) to

de te rmine the required sample s ize for this s tudy; the tes t family was t tes t and the
s ta tis tica l tes t was means : diffe rence be tween two independent means (two groups).
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Based on the da ta from a s imila r s tudy tha t measured effects of foam rolling on
soccer-re la ted components (Kaya e t a l., 2021), a lowes t e ffect s ize of 0.8 was computed,
in addition, an a lpha leve l of 0.05, and a power of 0.65 were used for the ca lcula tion. The
results showed tha t a tota l sample s ize of 28 participants (14 per group) would be
sufficient to de tect s ignificant diffe rences . Cons idering potentia l dropouts , 30 collegia te
footba lle rs were recruited as volunteers to participa te in the s tudy (Figure 3.2).
The inclus ion crite ria for this s tudy were : (ⅰ) age 18-25 years old; (ⅰⅰ) a t leas t 2 years of

footba ll tra ining experience ; (ⅰⅰⅰ) no his tory of lower limb ske le ta l and muscle injuries in the
pas t three months .

Figure 3.2 G*Power analys is for sample s ize calculation.

3.3 Materials &Equipment
This s tudy used the following materia ls & equipment:
Cones , s topwatch,Y balance tes t tool, dis tance rule r, three light-tra iner modules , S it &

Reach Box, severa l footba lls , vibra tion and non-vibra tion foam rolling (PiRolle r China ,
vibra tion frequency 45 Hz, 15cm*15cm*30cm, high-dens ity EPP materia l).

3.4 Ethical Cons iderations
This s tudy adheres to the e thica l principles se t out in the Decla ra tion of Hels inki and

re levant ins titutiona l guide lines . The Univers ity of Malaya Research Ethics Committee
(UMREC) (Malays ia ), approved this s tudy. The refe rence number is
UM.TNC2/UMREC_3693. All subjects s igned an informed consent form before the
experiment began and were informed of the purpose , methods , potentia l risks , and
benefits of the s tudy. Subjects were a llowed to withdraw from the s tudy a t any time
without giving any reason.

3.5 Fitness Component Test
3.5.1 Speed: 20-m sprint tes t
Subjects were pos itioned a t the s ta rting line behind cone A, prepared to sprint. A

timekeeper was s ta tioned a t the finish line , us ing a s topwatch to time the sprints . Upon
hearing the s ta rting s igna l, subjects had to dash to the finish line as quickly as poss ible .
Each participant was required to comple te a minimum of three sprints , with a res t period
of 2-3 minutes be tween each sprint. The bes t time of the three sprints was recorded
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(Hernández-Davó e t a l., 2021) (Figure 3.3).

Figure 3.3 Tes t configuration for the 20-m sprint tes t

3.5.2 Power: horizontal jump tes t
A starting line was marked with tape on the ground. Subjects s tood with the ir fee t

toge ther, toes a ligned with the s ta rting line . To ga in momentum, subjects were a llowed to
swing the ir a rms backward before leaping forward horizonta lly, a iming to cover the
maximum dis tance poss ible . The measurement was taken from the s ta rting line to the
neares t point of contact a t the landing pos ition. Subjects were given 2-3 a ttempts , with
the longes t va lid jump recorded to the neares t centimete r. If any part of the subject's body
touched the ground upon landing, the a ttempt was cons idered inva lid (Mann e t a l., 2021)
(Figure 3.4).

Figure 3.4 Tes t configuration for the horizontal jump tes t.

3.5.3 Agility: Illinois agility tes t
The track was 10 meters long and 5 meters wide , marked by four cones a t the s ta rt,

end, and two turning points . An additiona l four cones were evenly placed be low the
cente r, each spaced 3.3 meters apart. Subjects were ins tructed to s ta rt in a prone
pos ition, facing the s ta rting line , with hands on the ir shoulders . Upon the "s ta rt" command,
the s topwatch began, and the subject had to rise quickly, run around the track in the
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specified direction without knocking over any cones , and cross the finish line where the
timer s topped. Each participant had only one a ttempt, with results recorded to an
accuracy of 0.01 seconds (Amiri-Khorasani e t a l., 2010) (Figure 3.5).

Figure 3.5 Tes t configuration for the Illinois agility tes t.

3.5.4 Balance: Y balance tes t
At the beginning of the Y balance tes t, the subject's lower limb length will be measured

(dis tance from the ante rior superior iliac spine to the midpoint of the media l malleolus of
the ips ila te ra l foot), and then the subject will be ins tructed to s tand a t the centra l
inte rsection of the Y-shaped configura tion, placing one foot on the inte rsection, lifting the
other foot off the ground, and placing both hands on the ir hips . In this s ingle -leg s tance ,
the subject will use the e leva ted foot to reach as fa r as poss ible in three directions :
forward, pos te romedia l, and pos te rola te ra l. During each s tre tch, the toes must touch the
tes t pad, but the supporting foot must remain s ta tionary. The subject should make three
a ttempts in each direction. Record the maximum stre tch dis tance for each direction, sum
these dis tances , divide by three times the length of the low limb, and multiply by 100 to
ca lcula te the overa ll score (Shaffe r e t a l., 2013) (Figure 3.6).

Figure 3.6 Tes t configuration for the Y balance tes t.
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3.5.5 Flexibility: s it and reach tes t
The subject sa t on a fla t surface with the ir legs extended and fee t fla t aga ins t a vertica l

board, mainta ining a dis tance of approximate ly 10-15 cm between the fee t. The upper
body was to be bent forward, and the arms extended s tra ight ahead. Using the middle
fingers of both hands , the subject pushed a cursor forward until it could no longer be
moved. Two attempts were a llowed, and the bes t result was recorded, with accuracy up
to 0.1 cm (Su e t a l., 2017) (Figure 3.7).

Figure 3.7 Tes t configuration for the s it and reach tes t.

3.6 Standard Football Training
All 30 participants participa ted in about 45 minutes of s tandard footba ll tra ining,

including pass ing drills , shooting drills and sprinting drills . S tandard footba ll tra ining
las ted for 6 weeks , twice a week.
Pass ing drills : Two subjects s tood 5-10 meters apart and passed the ba ll to each other

us ing the inner part of the foot or the ins tep. The passes were ground ba lls . Each foot had
to be used to pass the ba ll a t leas t 50 times .
Shooting exercises : Subjects placed the ba ll on the pena lty spot and shot a t leas t 30

times , a lte rna ting be tween the le ft and right foot.
Sprinting drills : The tes te r se t up five markers a t 5-mete r inte rva ls . The subjects

sprinted from the s ta rting point to the firs t marker, then immedia te ly turned and sprinted
back to the s ta rt before proceeding to the next marker, increas ing the dis tance with each
turn. This sequence was 150 meters in tota l and subjects needed to comple te it three
times (Figure 3.8).
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Figure 3.8 S print practice venue .

3.7 Vibration Foam Rolling Intervention
The inte rvention was based on a previous foam rolling s tudy (Rey e t a l., 2017), in

which the vibra tion foam rolle r group used vibra tion foam rolle rs to re lax the ir lower limbs
for 10 minutes afte r each s tandard footba ll tra ining.
The specific opera tion is as follows: The subject used the ir own gravity to roll back and

forth on the vibra tion foam rolle r as smoothly as poss ible to re lax the gas trocnemius ,
biceps femoris , quadriceps , and iliotibia l band of the right and le ft legs . They performed
60 seconds of inte rvention on each area of the le ft and right legs (in the order of ABCD),
and res ted for 15 seconds afte r each inte rvention (Figure 3.9).

Figure 3.9 Foam rolling technique illus tration.

3.8 Non-Vibration Foam Rolling Intervention
The non-vibra tion foam rolling group used the same inte rvention method as the

vibra tion group for muscle re laxa tion. The only diffe rence was us ing the same specs of
non-vibra tion foam rolling from the same manufacture r.

3.9 Statis tical Analys is
Descriptive s ta tis tics were ca lcula ted for a ll variables . All da ta was presented as mean
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± standard devia tion. The Shapiro-Wilk tes t was used to verify the normality of the da ta
dis tribution. If the da ta followed a normal dis tribution, a 2-way ana lys is of variance
(ANOVA) (3 time points * 2 groups) was used to ana lyze the effects of vibra tion and
non-vibra tion foam rolle rs on each index of lower limbs’ performance components across
three tes ts (base line tes t, firs t 1s t pos t-tes t and 2nd pos t-tes t). If s ignificant inte ractions
were found, a Tukey pos t hoc multiple comparisons was used for pa irwise comparisons .
Data ana lys is was comple ted us ing SPSS vers ion 25.0 software (SPSS Inc., Chicago, IL,
USA).

4. Results and Discuss ion
4.1: RESULTS
4.1.1 20-m Sprint
In the primary outcome ana lys is of the 20-mete r sprint tes t, the ANOVA showed tha t

there were a s ignificant group effect (F(2, 28) = 40.86 P < 0.0001). However, the
pos t-hoc ana lys is showed tha t there were s ignificant drop in sprint time from pre-tes t to
pos t-tes t 1 and from pre-tes t to pos t-tes t 2 in both VFR and NVFR. This results a re shown
in Figure 4.1.

Figure 4.1: 20-m sprint time results . **p < 0.01, ****p < 0.0001.

4.1.2 Horizontal Jump
The ANOVA of horizonta l jump showed a s ignificant time effect F(1.546, 21.65) = 46.52,

P < 0.0001. The pos t hoc ana lys is indica ted tha t there were s ignificant increase in jump
dis tance from pre-tes t to pos t-tes t 1, from pre-tes t to pos t-tes t 2, and from pos t-tes t 1 to
pos t-tes t 2 in VFR. Meanwhile in the NVFR group, s ignificant increase was found from
pre-tes t to pos t-tes t 2 and pos t-tes t 1 to pos t-tes t 2. Unlike VFR, there is no increase from
pre-tes t to pos t-tes t 1 in NVFR. This results a re shown in Figure 4.2.
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Figure 4.2. Horizontal jump dis tance results . *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

4.1.3 Illinois Agility Test

The ANOVA of Illinois agility tes t showed a s ignificant time effect F (1.785, 24.99) =

18.35, P < 0.0001. The pos t hoc ana lys is indica ted tha t there were s ignificant increase in

Illinois agility tes t score from pre-tes t to pos t-tes t 1, from pre-tes t to pos t-tes t 2 and from

pos t-tes t 1 to pos t-tes t 2 in VFR. This results a re shown in Figure 4.3.

Figure 4.3. Illinois agility tes t score results . ****p < 0.0001.

4.1.4 Y Balance Test
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The ANOVA showed s ignificant time effect F(1.904, 26.66) = 3.920, P = 0.0340.

However, pos t hoc tes t shows no diffe rences be tween any group mean. The results a re

illus tra ted in Figure 4.4.

Figure 4.4. Y balance tes t score results .

4.1.5 Sit and Reach Test

The ANOVA of s it and reach dis tance showed a s ignificant time effect F (1.390,

19.46) = 49.47, P < 0.0001. The pos t hoc ana lys is indica ted tha t there were s ignificant

increase in s it and reach dis tance from pre-tes t to pos t-tes t 1, from pre-tes t to pos t-tes t 2

and from pos t-tes t 1 to pos t-tes t 2 in VFR. Unlike VFR, there is no increase from pre-tes t

to pos t-tes t 1 and from pos t-tes t 1 to pos t-tes t 2 in NVFR. This results a re shown in

Figure 4.5.
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Figure 4.5. S it and reach dis tance results . **p < 0.01, ****p < 0.0001.

4.2 Discuss ion
4.2.1 Introduction
A 6-week s tudy examined vibra tion (VFR) and non-vibra tion foam rolling (NVFR)

effects on collegia te footba lle rs ' fitness . Both groups s ignificantly reduced 20-m sprint
times across pos t-tes ts 1 and 2. In horizonta l jump tes ts , VFR showed cons is tent
improvements a t a ll s tages , while NVFR only achieved s ignificant ga ins be tween
pos t-tes ts . VFR also enhanced Illinois Agility Tes t performance progress ive ly and
demons tra ted sus ta ined flexibility improvements in s it-and-reach tes ts , whereas NVFR
improved flexibility only in the fina l pos t-tes t. Y Balance Tes t results indica ted tempora l
e ffects without inte rgroup diffe rences . These findings sugges t VFR may offe r more
cons is tent benefits across multiple performance metrics—particula rly flexibility and
explos ive power—compared to NVFR's de layed effects in specific a reas .

5.2.2 Effects of VFR and NVFR on Speed Among Collegiate Footballer
This s tudy assessed acute and s ix-week vibra tion foam rolling (VFR) versus

non-vibra tion foam rolling (NVFR) effects on collegia te footba lle rs ' sprint performance .
Both groups showed 20-m sprint improvements across acute and s ix-week phases ,
a ligning with Wiewelhove e t a l.'s (2019) meta -ana lys is findings . However, the grea te r
acute -phase ga ins in VFR (vs . NVFR) may s tem from vibra tion-enhanced neuromuscula r
activa tion (Romero-Mora leda e t a l., 2017). Notably, Rey e t a l. (2019) observed smalle r
e ffects in profess iona ls , potentia lly due to collegia te a thle tes ' higher sens itivity to
inte rventions or this s tudy's extended s ix-week dura tion—contras ting prior 24-hour
protocols (Jey e t a l., 2019). Long-te rm improvements like ly derive from sus ta ined
myofascia l adapta tion. Crucia lly, s ix-week outcomes showed no VFR-NVFR disparity,
indica ting comparable long-te rm efficacy despite VFR's acute advantages .

5.2.3 Effects of VFR and NVFR on PowerAmong Collegiate Footballer
This s tudy found tha t a fte r 6 weeks of inte rvention, both the VFR and NVFR groups

showed s ignificant improvements in horizonta l jump performance , indica ting improved
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lower limb explos ive power. It is noteworthy, however, tha t the VFR inte rvention
appeared to produce fas te r improvements , with s ignificant improvements occurring afte r
the firs t inte rvention period (Pos t-tes t 1), whereas the NVFR did not, even though both
inte rventions ultimate ly resulted in s ignificant improvements by the end of the s tudy
(Pos t-tes t 2). This is cons is tent with previous findings from acute NVFR, where Hea ley e t
a l. (2014) found no acute effects of FR on jumping or low limb’s s trength performance
compared with plank exercise . The reason for this may be tha t our research samples are
re la tive ly small. The s tudy by Nakamura e t a l. (2021) a lso concluded tha t the acute effect
of jumping with NVFR was not s ignificant. Our research samples are less than 20. Future
s tudies can increase the sample s ize to explore the potentia l acute effects of NVFR on
horizonta l jumping. Although there is currently a lack of evidence for the pos itive effects of
s ix-week VFR on horizonta l jumping, I be lieve tha t s ix-week use of VFR may improve
jumping ability through multiple mechanisms , including increased muscle activa tion,
reduced neura l inhibition, and improved muscle flexibility to improve jump performance
(Romero-Mora leda e t a l., 2019). It is worth noting tha t a lthough the improvement in the
VFR group was s lightly grea te r than tha t in the NVFR group, the diffe rence was not
s ignificant. This may indica te tha t the vibra tion function may not be a decis ive factor for
s ix-week inte rvention.

5.2.4 Effects of VFR and NVFR on Agility Among Collegiate Footballer
This s tudy found tha t only the VFR group showed s ignificant improvements in both the

acute and chronic phases of the Illinois Agility Tes t, and the s ix-week effect was be tte r.
This is cons is tent with some previous s tudies . Tsa i and Chen (2021) found tha t a s ingle
foam rolle r inte rvention had no s ignificant e ffect on the agility of volleyba ll players . Chen
e t a l. (2021) found tha t acute use of VFR can effective ly improve the agility of taekwondo
a thle tes . This may be because both sports require a thle tes to have a high leve l of agility.
Footba ll players need to change direction quickly to avoid opponents , while taekwondo
a thle tes need to move quickly to a ttack and defend. However, in contras t, Lin e t a l.
(2020)’s s tudy found tha t dynamic s tre tching has a be tte r acute effect on badminton
players ' agility than dynamic s tre tching followed by a vibra tion foam rolle r. Acute use of
VFR does not necessarily s ignificantly improve agility. The poss ible reason is tha t this
s tudy used a 45 Hz VFR, while Lin e t a l. (2020) used a 28 Hz VFR, which may be re la ted
to the vibra tion frequency, Luo e t a l. (2005) sugges ted tha t vibra tion s timula tion a t 30 to
50 Hz may be most e ffective for muscle activa tion.
Inte res tingly, while this s tudy did not find any s ignificant changes in NVFR, the results

of Peacock e t a l. (2014) found tha t acute use of foam rolle rs can improve a thle tes ' agility
performance . This may be because Tsa i and Chen (2021) only s tudied the acute effects
of foam rolle r inte rvention, while Peacock e t a l. (2014) a lso s tudied acute effects but
combined dynamic warm-up. This combina tion may enhance the effect of the foam rolling
inte rvention and provide a thle tes with a more comprehens ive warm-up. Dynamic
warm-up can improve a thle tes ' a thle tic performance on its own, and combined with foam
rolling, it may s ignificantly improve a thle tes ' agility performance due to a synergis tic
e ffect.
However, it is worth noting tha t the diffe rence be tween the VFR group and the NVFR

group did not reach s ta tis tica l s ignificance . This sugges ts tha t a lthough the NVFR group
did not show significant improvement in agility, non-vibra tion foam rolle rs a re a lso
effective in improving agility, and vibra tion foam rollings may be more effective . This
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finding provides new directions for future research and encourages future schola rs to
further explore the potentia l benefits of non-vibra tion foam rolle rs (NVFR) in improving
agility. This a lso provides options for coaches and a thle tes , especia lly when cons idering
cos t-e ffectiveness .

5.2.4 Effects of VFR and NVFR on Balance Among Collegiate Footballer
The performance on the Y balance tes t did not change s ignificantly in the VFR and

NVFR groups , which is cons is tent with exis ting s tudies . Junker and Stöggl (2019) found
tha t 8 weeks of foam rolling had no s ignificant e ffect on ba lance and muscle performance .
However, Peacock e t a l. (2014) showed tha t foam rolling may have potentia l benefits on
proprioception and neuromuscula r control. This discrepancy may be due to severa l
factors . Firs t, the Y balance tes t may not re flect the improvement a fte r the foam rolling
inte rvention because the tes t mainly assesses dynamic ba lance . Ba lance is a complex
skill tha t involves the integra tion of multiple sensory sys tems and motor responses
(Hrysomallis , 2011). Our 6-week inte rvention period may not be sufficient to induce
s ignificant changes in these abilitie s due to the time required for phys iologica l adapta tions
to occur. In addition, our subjects were college footba ll players , and footba ll tra ining itse lf
involves a lot of ba lance and coordina tion exercises (Zago e t a l., 2015), so they may have
a lready had high ba lance abilitie s , and additiona l foam rolling is unlike ly to produce
s ignificant improvements . At the same time , some earlie r s tudies used a thle tes from the
genera l popula tion or other sports , who may have more room for improvement. Fina lly,
the Y balance tes t may not be sens itive enough to de tect small improvements in the short
te rm. According to Brown et a l. (2020), force pla te tes ting can be tte r capture subtle
changes in ba lance control. This sugges ts tha t we may need to combine multiple
measurement tools when eva lua ting short-te rm effects . In conclus ion, the use of more
comprehens ive ba lance tes ts , such as s ta tic ba lance , dynamic ba lance , and functiona l
ba lance tes ts , in future s tudies may he lp to fully unders tand how foam rolling affects
ba lance (Konrad e t a l., 2022).
Although there were no s ta tis tica lly s ignificant diffe rences , we observed tha t some

participants showed s light improvements a fte r the inte rvention, which sugges ts tha t the
effect of foam rolling on ba lance ability is individua lized and may be affected by factors
such as initia l ba lance leve l and phys ica l fitness .

5.2.5 Effects of VFR and NVFR on Flexibility Among Collegiate Footballer
This s tudy found tha t both the VFR and NVFR groups showed s ignificant

improvements in the s it-and-reach tes t a fte r the s ix-week inte rvention, with the VFR
group showing grea te r improvements . This is cons is tent with the results of a sys tematic
review by Beards ley and Skarabot (2015), who found tha t foam rolling inte rventions were
effective in improving lower limb flexibility and range of motion. However, our results diffe r
from previous s tudies in some respects . For example , Pagaduan e t a l. (2022) found tha t
8 weeks of foam rolling had no s ignificant e ffect on flexibility. This may be because we
used the s it-and-reach tes t, which primarily assesses flexibility in the lower back and
hamstrings , whereas some previous s tudies may have used diffe rent flexibility tes ting
methods and assessed diffe rent muscle groups (Chea tham et a l., 2015; Pagaduan e t a l.,
2022).
However, the NVFR group did not show significant within-group changes in the short

te rm, which is diffe rent from exis ting research tha t found tha t flexibility in e lite collegia te
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footba lle rs improved rapidly afte r a foam rolling inte rvention (Aune e t a l., 2018). This may
be because participants expected lower va lues for NVFR than VFR, which may affect
the ir perception and performance (Lim et a l., 2019).
In addition, we observed more s ignificant improvements in the VFR group. This may be

because vibra tion s timula tion enhances the activity of mechanoreceptors , the reby
promoting muscle re laxa tion and blood circula tion (Reiner e t a l., 2021). Vibra tion can a lso
further improve flexibility through neurophys iologica l mechanisms , such as regula ting
pa in perception and increas ing s tre tch tole rance (Aboodarda e t a l., 2015).
While enhancing flexibility benefits footba lle rs , excess ive ga ins without corresponding

s tability tra ining may increase joint injury risks (Behm et a l., 2016). Our findings
demons tra te vibra tion foam rolling (VFR) acce le ra tes short-te rm flexibility improvements ,
whereas non-vibra tion foam rolling (NVFR) requires extended s ix-week inte rventions to
achieve comparable effects . Practica l applica tions sugges t prioritizing VFR for
acute -phase recovery needs while cons idering NVFR as a cos t-e ffective long-te rm option,
particula rly when combined with s tability tra ining to mitiga te potentia l risks . Future
research should employ extended inte rvention timelines and precis ion measurement
tools to be tte r quantify NVFR's cumula tive effects , with additiona l explora tion of
synergis tic protocols integra ting foam rolling with complementa ry tra ining modalities .

5.2.6 Limitation
This s tudy had severa l limita tions : (1) Textura l diffe rences be tween

vibra tion/non-vibra tion foam rolle rs may have influenced outcomes—future s tudies
should s tandardize equipment; (2) Uncontrolled variables like rolling speed/pressure
across participants require measurement and s tandardiza tion; (3) Miss ing tes t
familia riza tion sess ions potentia lly affected initia l measurements ; (4) Absence of a control
group prevents conclus ive a ttribution of results to inte rventions a lone . Address ing these
through controlled des igns and s tandardized protocols would enhance va lidity.

5. Conclus ion and Suggestion
This s tudy demons tra tes vibra tion (VFR) and non-vibra tion foam rolling (NVFR)

benefits for collegia te footba lle rs ' lower limb fitness . Both inte rventions improved speed,
agility, power, and flexibility, with VFR showing margina lly be tte r ga ins—particula rly in
sus ta ined flexibility and explos ive power—though s ta tis tica l diffe rences be tween methods
were incons is tent. While ba lance showed no improvement, this warrants further
inves tiga tion. Practica lly, coaches should incorpora te e ither foam rolling type into tra ining
regimens based on equipment ava ilability and prefe rence , as both enhance performance
and may reduce injury risks . Future research should explore long-te rm effects and
sport-specific applica tions .
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