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ABSTRACT

Reyes, GFC, Dickin, DC, Dolny, DG, and Crusat, NJK. Effects

of muscular strength, exercise order, and acute whole-body

vibration exposure on bat swing speed. J Strength Cond Res

24(12): 3234–3240, 2010—The purposes for this study were

to investigate effects of acute whole-body vibration (WBV)

exposure and exercise order on bat speed and to examine

relationship between muscular strength and bat speed. All

participants were recreationally trained men (n = 16; 22 6 2

years; 181.4 6 7.4 cm; 84.7 6 9 kg), with previous baseball

experience and were tested for 1 repetitive maximum (1RM)

strength in squat and bench press. Subjects then participated

in 4 randomized sessions on separate days, each consisting

of 3 sets of 5 bat swings. Exercises (upper and lower body

dynamic and static movements related to bat swing) with or

without WBV exposure were performed after sets 1 and 2.

Trials were as follows: no-exercise Control (CTRL), upper body

followed by lower body exercises without WBV (Arm–Leg

NOVIB), upper body followed by lower body exercises with

WBV (Arm–Leg VIB), and lower body followed by upper body

exercises with WBV (Leg–Arm VIB). Bat speed was recorded

during each swing and averaged across sets. Statistical

analyses were performed to assess differences across sets

and trials. Linear regressions analyzed relationship between

strength and bat speed. A significant relationship existed

between bat speed and lower body strength (r2 = 0.406, p =

0.008) but not for upper body strength. The exercise order of

Arm–Leg VIB significantly increased bat speed by 2.6% (p =

0.02). Performing identical order of exercises without vibration

(Arm–Leg NOVIB) significantly decreased bat speed by 2% (p =

0.039). It was concluded that adding vibration exposure to

total-body exercises can provide acute enhancements in bat

speed. Additionally, leg strength was shown to influence bat

speed suggesting that increasing leg strength may enhance

bat speed.

KEY WORDS baseball performance, upper body exercise,

warm-up

INTRODUCTION

I
n a competitive sport environment, improvement in
muscle performance characteristics is desirable. For
example, in the sport of baseball, a hitter would prefer
to wait as long as possible before deciding to swing at

a pitch. This extra time allows the hitter to more accurately
recognize the speed, movement, and location of a pitch, all of
which increase the chances of making solid contact with the
ball. This requires optimal pitch recognition (reaction time)
plus bat speed (movement time) (20). Therefore, requiring
less time to complete the swing, as a function of decreased
movement time (via increased bat speed), translates to an
increase time permitted to react before executing the swing.

Traditionally, weighted bat warm-ups have been used with
the intention of immediately increasing bat speed. It was
hypothesized that additional motor units would be activated
by the overweighted implement, which would persist when
the extra load was removed, resulting in greater speed (16,18).
Since that time, however, research has been conducted
examining this method of warming up, and the general
consensus is that warming up with too heavy a bat can in fact
decrease bat speed (15,17,18,25,32). Southard and Groomer
(32) suggested that swinging too heavy of a bat before
swinging the normal bat alters the batter’s swing pattern,
leading to decreased bat speed. Other hypotheses have
suggested that by swinging a weighted bat, the central
nervous system may preferentially activate slow-twitch fibers
because of the slower rate of muscle shortening with the
slower swing (16,18,27). The popularity of this warm-up
method is very common because of its sport specificity;
however, given its lack of empirical support, and in fact
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contraindicative results, other warm-up exercises need to be
investigated.

The relationship between the speed of the bat and
the distance the ball will travel postimpact has been well
established (1). Bat speed during a baseball swing is generated
through a sequential recruitment pattern of muscles in the
entire body. A hitter generates most of the bat speed by using
a kinetic link, defined as ‘‘large base segments �passing�
momentum to smaller adjacent segments’’ (40). The larger,
stronger muscles of the lower body initiate the movement
and transfer the momentum to the upper body. Additionally,
early in the swing, there is rotation of the upper body, in
respect to the lower body, creating a ‘‘stretch’’ in the torso
during the stride phase. The added ‘‘stretch’’ activates muscle
spindles, which through a short-loop reflex, can lead to
increased force production, by way of the stretch-shortening
cycle (40).

Previous studies have demonstrated the importance of
lower body function in generating bat speed. Shaffer et al. (31)
demonstrated the importance of legs in the initiation of max-
imal bat speed. Katsumata (23) reported the use of ground
reaction forces, further establishing the importance of back-
to-front weight transfer, for producing maximal bat speed.
Pertaining to strength and power, researchers have displayed
significant correlations between lower body strength and
power with bat speed (33–36). Therefore, training methods
that involve improving leg strength and power are starting to
be incorporated into conditioning programs to increase bat
swing speed.

One technique that has been shown to have potential
benefits on strength and power is whole-body vibration
(WBV). Whole-body vibration refers to stimulating muscles
via an external vibrating platform. Exercises performed on the
vibrating platform may include squats, hops, jumps, and
isometric holds in various positions. The vibration stimulus is
typically applied through the feet, which then resonates
throughout the body (22). A number of studies have used an
acute bout of vibration exposure, lasting between 60 seconds
and 10 minutes, in which an increase in dynamic and static
leg strength and power was reported (8,9,12,21). Although
numerous studies have demonstrated WBV’s effectiveness,
not all WBV studies have proven beneficial for increasing
muscle strength and power (10,11,26,28,38).

Of the mechanisms proposed to account for the enhanced
muscle performance after WBV, the ‘‘tonic vibration reflex’’
has received a great deal of support (5,6). When a muscle is
vibrated, the primary nerve endings of muscle spindles are
stimulated, which results in excitation of the alpha-motor
neurons (Ia afferents) (5,6,21,23). Through the stimulation of
the muscle spindles, it has been suggested that they retain
an enhanced level of sensitivity and consequently contribute
to force production. This mechanism is thought to be re-
sponsible for the increase in muscle performance (7,14,22,24).
With the potential to increase force production during a
baseball swing, the effects of WBVduring the performance of

upper and lower body exercises warrant investigation.
As such, this study aimed to investigate the potential
additive effects of these exercise modes on baseball swing
performance.

This study was conducted to determine the effect of
exercise order in performing selected upper and lower body
exercises with and without WBV on subsequent baseball bat
speed. In addition, we examined the relationship between
upper and lower body strength on bat speed.

METHODS

Experimental Approach to the Problem

The design of this study was developed for the purpose of
determining the efficacy of a warm-up incorporating the
order of performing upper and lower body exercises with
and without WBV on subsequent baseball bat speed. This
repeated-measures experimental design required that all
subjects complete 4 experimental sessions presented to each
subject in random order. The independent variables were
WBV exposure and exercise order, whereas the dependent
variable was baseball bat speed. The exercises performed were
chosen to include movements that could be performed in

Figure 1. ‘‘Contact’’ isometric hold.
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a game situation on the on-deck circle or in the dugout
immediately before a player’s time at bat. By manipulating the
order of performing upper and lower body exercises with and
without WBV, recommendations may be possible for specific
warm-up procedures to enhance subsequent bat speed. A
preliminary session was conducted for the purpose of subject
familiarization of experimental protocol and for the de-
termination of bench press and back squat 1 repetitive
maximum (1RM).

Subjects

Sixteen male subjects (21.6 6 2 years, 84.7 6 9 kg, 181.4 6

7 cm) currently enrolled in a university participated in this
study. All subjects had at least a minimum of high school
varsity baseball playing experience. Four of the 16 subjects
had playing experience beyond high school (junior college or
National Collegiate Athletic Association Division II). None of
the subjects were playing, or were preparing to play,
competitive baseball during the time of testing. All subjects
were considered active at the time of the study in that they had
been involved in a strength training program for at least 6
months before the study. All subjects were free of any
musculoskeletal injuries and were given specific instructions
of the procedures and asked to provide informed consent. All
testing was conducted during the
spring. The study was reviewed
and approved by the university’s
institutional review board.

Instrumentation

A Pneumex Pro-Vibe (Pneu-
mex, Sandpoint, ID, USA) was
used to administer the WBV
(Figure 1). This vibration plat-
form has a surface area of 81 3

101 cm2 and can support at
least 450 kg.

A Basler piA640-210gm high-
speed video camera (Basler
Vison Technologies, Ahrens-
burg, Germany) recorded each
subject’s baseball swings. Bat
speed video analysis was con-
ducted by using Streampix
4.13.1 video program (Norpix,
Montreal, Quebec, Canada).

Procedures

The first testing session re-
quired all subjects to undergo
assessments of muscular
strength. After a series of dy-
namic warm-up exercises, up-
per body strength was
measured via 1RM barbell
bench press and 1RM barbell

back squat to assess lower body strength. The order of the 2
muscular strength tests was randomized for each subject.
Testing procedures for muscular strength followed those
outlined and recommended by the National Strength and

Figure 3. Exercise treatments.

TABLE 1. Summary and descriptions of the lower body exercises performed.

Exercise Description

Tempo body-weight Squats Performed at a cadence of 2 seconds
eccentric/2 seconds concentric. A total of
15 repetitions were performed in 60 seconds.

Isometric lunge hold The subject ‘‘pushed’’ into the middle of the
platform with 1 leg, in a lunge position,
isometrically acting on the leg musculature.
Held for 30 seconds, for each leg.

Batting stance isometric hold The subjects assumed batting stance
and this was held for 60 seconds.

‘‘Contact’’ isometric hold The subject held the position resembling the
exact, proper hitting position the lower body
would assume during bat–ball contact.
Held for 60 seconds (Figure 2).

Figure 2. Tempo single-hand touches from a front-plank positions.
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Conditioning Association (3).
The highest resistance success-
fully performed one time was
recorded as the 1RM.

After the day of muscular
strength testing, subjects re-
ported to the laboratory on
additional days to complete
the 4 experimental treatments
separated by at least 1 day of
rest. Subjects were required to
refrain from performing any
strenuous strength training ac-
tivities at least 24 hours before
testing. A standardized dy-
namic movement warm-up be-
gan each testing session
consisting of arms circles, trunk
twists, and hip mobility exer-
cises. After the warm-up, sub-
jects stood on the ground and
performed 3 sets of 5 bat swings
at balls placed on a stationary
hitting tee with a 20-second rest period between swings. To
standardize the height of the ball for each subject, across all
testing sessions, the height of the ball was set level with the
greater trochanter of the hitter’s forward leg. A standard
wooden bat was used for all swings, measuring 83.82 cm in
length and 870 g in weight. Before each swing, the hitters were
verbally reminded to swing with maximal effort. To represent
bat speed for each of the 3 sets separately, the 5 swings within
each of the 3 sets were averaged.

The 4 separate sessions were used to manipulate WBVand
Leg/Arm exercise order, and were randomized across subjects.
The control (CTRL) condition consisted of no WBV or ex-
ercises with 5 minutes of rest between the 3 testing sets. For all
vibration sessions, the frequency
and amplitude were set at 30 Hz
and 4 mm, respectively. These
WBV conditions were selected
because they represent WBV
conditions typical of many pre-
viously published studies evalu-
ating WBV and acute
neuromuscular performance
(2,7,10–13,21,28,29,38). In the
‘‘Leg–Arm VIB’’ treatment, lower
body exercises with WBV (Leg
VIB, Figure 1) were performed
after the first set of swings,
whereas upper body exercises
with WBV (Arm VIB, Figure 2)
were performed after the second
set of swings. In the ‘‘Arm–Leg
VIB’’ treatment, upper body

exercises with WBV (Arm VIB) were completed after set 1,
with lower body exercises with WBV (Leg VIB) being
performed after set 2. Finally, in the ‘‘Arm–Leg NOVIB’’
treatment, the order replicated the ‘‘Arm–Leg VIB’’ treatment
minus the vibration exposure (Arm NOVIB, Leg NOVIB). The
testing protocols are illustrated in Figure 3 and in Tables 1 and 2.

Bat Speed Measurement

To measure bat speed, all subjects stood on the ground and hit
an indoor ball placed on a hitting tee. A meter stick aligned in
the field of view of the video camera served as a distance
reference, which was used to calculate bat displacement per
videotape frame. The camera was positioned perpendicular to

TABLE 2. Summary and description of upper body exercises performed.

Exercise Description

Front-plank isometric
hold

The subject assumed push-up/front-plank
position with hands placed in the middle
of the platform. This position was held
for 60 seconds.

Tempo body-weight
push-ups

With hands in the middle of the platform, and
knees on a box, the subject performed push-ups
at a cadence of 2 seconds eccentric/2 seconds
concentric. A total of 15 push-ups were executed
in 60 seconds.

Tempo single-hand
touches from a
front-plank positions

The subject assumed front-plank position, with hands
placed in the middle of platform. At a cadence of
2 seconds, the subject moved 1 hand to touch the
opposite hand, while maintaining front-plank position.
Then at another cadence of 2 seconds, the hand was
moved and returned to the original front-plank position.
Repetitions were repeated for each arm, for a total of
15 in a 60-second period (Figure 3).

Figure 4. Bat speed vs. lower body strength.
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the hitting zone, with the field of vision focused on the area
immediately before bat-ball impact on the hitting tee. The
camera recorded at 200 frames per second. Reflective tape was
applied to the top of the bat to serve as a maker during filming.

Bat speed was recorded immediately prior to impact, based
on recommendations by Tabuchi, Matsuo, and Hashizume
(37). Measuring the distance the leading edge of the top of
the bat traveled in each frame of the video determined bat
speed, recorded in meters per second. To represent bat speed
for each of the 3 sets within each treatment, the 5 speeds
were averaged.

Statistical Analyses

To determine significant correlations between bat speed and
muscular strength, a linear regression analysis was calculated.
A repeated-measures analysis of variance was implemented to
investigate any statistical differences in bat velocities between
sets of swings and across all exercise treatments. The level of
significance for rejecting the null hypothesis for all tests was
set at p # 0.05.

Reliability of the baseball bat speed was determined during
the CTRL treatment, in which no Leg or Arm or WBV was
applied. Intraclass correlation coefficient (ICC) was 0.93
between swing sets 1 and 2, and 0.95 between swing sets 2 and
3. The coefficient of variation between all swing sets was
calculated at 2%. Based on an effect size of 0.24 (20), a total
sample size of 16, and ICC of 0.93–0.95, a statistical power of
0.9 was estimated.

RESULTS

Relationship of Muscular Strength and Bat Speed

Leg strength, as measured by the 1RM back squat, was
significantly related to CTRL bat speed (R2 = 0.406; p =

0.008, Figure 4). In contrast, the
relationship between CTRL
bat speed and upper body
strength was not significant
(R2 = 0.093; p = 0.25).

Effect of Exercise Treatments

The exercise order of Leg–Arm
VIB elicited a significant in-
crease in bat speed of 2.6% (p
= 0.02; Table 3). When perform-
ing Leg–Arm NOVIB bat speed
significantly decreased by 2.1%
(p = 0.0039; Table 3). In the
CTRL, Leg VIB, Leg–Arm VIB,
and Arm VIB sessions, no
significant differences were re-
ported for mean bat speed
between the 3 sets (Table 3).

DISCUSSION

Results from this study revealed
a significant relationship be-

tween bat swing speed and lower body muscular strength
as determined from the back squat 1RM. The bat swing
originates from the rotational forces produced in the lower
body, as such emphasizing the importance of strength and
power in that region is critical, if generating maximal bat
speed is the goal. To produce a swing with high bat speed, the
hitter shifts their weight from the back foot to the front foot.
During this stage of the swing, ground reaction forces are as
high as 140% of the hitter’s weight (23). If a hitter does not have
adequate strength to control and transfer the load, bat speed
will be lost during the swing. The results from this study
coincide with previous bat swing research as the subjects with
stronger and more powerful lower bodies generated the
highest bat speed (33–36).

Upper and lower body exercises when performed in-
dependently with WBV (Arm VIB and Leg VIB) did not
significantly enhance bat speed. Although the difference was
not significant, after completion of arm and leg exercises alone
did we observe an increase in bat speed by 1%. Studies have
examined vibration effects on arm performance through the
use of vibrating dumbbells and barbells (10,26,28). From these
studies, it was reported that acute vibration exposure before
exercise did not significantly enhance the performance of
upper body muscles and is in agreement with results from
this current study. Given that the upper body is responsible
for translating the forces and torques generated by the lower
body, it is possible that any fatigue may prove detrimental to
the performance of the bat swing.

When WBV is applied to lower body performance, the
results have been mixed. A few studies have displayed no
significant changes in performance after acute WBVexposure
(11,14,29,38), whereas others have reported positive benefits

TABLE 3. Bat speed changes across testing conditions.*

Session Set
Bat speed

(m�s21; mean 6 SD)
Change from

set 1
p

Value

CTRL 1 28.04 6 2.33
2 28.08 6 2.22 0.04 6 0.83 0.859
3 28.25 6 2.40 0.21 6 1.09 0.341

Leg–arm VIB 1 27.84 6 2.88
2 28.25 6 2.84 0.41 6 0.79 0.197
3 27.29 6 3.40 20.55 6 2.58 0.646

Arm–leg VIB 1 27.85 6 2.28
2 28.11 6 2.22 0.26 6 0.78 0.198
3 28.58 6 1.80 0.73 6 1.11 0.020†

Arm–leg NOVIB 1 28.49 6 2.58
2 27.88 6 2.89 20.61 6 0.72 0.004†
3 27.91 6 3.20 20.58 6 1.02 0.039†

*Set 1 was control for all trials. Set 2 represents the first exposure (Leg VIB, Arm-VIB, or Arm
NOVIB). Set 3 represents the combined exposure (Leg–Arm VIB, Arm–Leg VIB, or Arm–Leg
NOVIB). n = l6.

†p # 0.05.
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(2,4,7,13,21). As a function of the mixed results of localized
vibration on upper and lower body performance, there has
been some controversy on the potential ergogenic effects of
vibration exposure. The controversy exists because of differ-
ences in skills being tested, intensity of vibration stimulus, and
type of vibration stimulus (vertical, sinusoidal, see-saw, etc.).

A unique feature of this study is the combination of upper
and lower body exercises to produce a total-body exercise
vibration exposure. When upper and lower body WBV
exercises were combined, in that order, bat speed acutely
increased 2.6%. Previous studies addressing the effects of
WBV on performance have demonstrated improvements
lasting for up to 2 minutes. As such, it was hypothesized that
the exercise order ending with the lower body would acutely
increase bat speed, which was supported by the results from
this study. Lower body exercises with WBV alone did not
significantly change bat speed performance, possibly because
of swinging a baseball bat with maximal speed is a total-body
skill. Therefore, the addition of upper body exercises to lower
body could explain the performance changes.

When the legs were performed first in order, there was
approximately a 5- to 7-minute period between treatment and
posttesting, which is 2–3 times longer than suggested by
previous studies for WBV benefits to remain. Torvinen et al.
(39) and Adams et al. (2) demonstrated lower body perfor-
mance increases persisted up to 2 minutes after WBV ex-
posure, consequently, waiting too long after WBV exposure
could dissipate the vibration effect, nullifying its potential
benefits. When the lower body was performed second, the
recovery period was approximately 30 seconds. In this
situation, the vibration stimulus was likely still in effect to
acutely facilitate acute neuromuscular adaptations (2,4,39).

It is believed that an adequate WBVexposure time was used
in this study. When all exercises in a WBVtrial were completed,
total exposure equaled 9 minutes. At the selected frequency and
amplitude (30 Hz, 4 mm), the results of this study agree with
previous research demonstrating the acute effectiveness of
WBVon muscular performance with this specific combination
of vibration and time (7–9). To what extent the WBV stimulus
was transmitted throughout the upper versus lower body
remains unknown. Given the ability of the human body to
attenuate the vibration amplitude as it rises through the body,
future research will need to test this further.

To investigate the effect of performing the exercises alone,
subjects performed the exercises minus the vibration (‘‘Arm–
Leg NOVIB’’). A significant decrease in bat velocity in sub-
sequent sets suggest that these exercises may have been
somewhat fatiguing or at least influenced the skill in some way
to decrease bat speed. It could be suggested that the fatigue
effects in the WBV trial were buffered by the increased
sensitivity and responsiveness of the intrafusal fibers. We did
not anticipate this decrease; therefore, a mechanism to ex-
plain this finding was not investigated. Performing exercises
with WBV exposure may indeed ‘‘prime’’ targeted muscula-
ture for enhanced performance to a greater degree than

exercises performed without WBV, similar to that seen with
postactivation potentiation protocols (30). Increased muscle
performance from this potentiation effect may be because of
the greater number of motor units being recruited, enhanced
coordination and synchronization of motor unit recruitment,
and more sustained recruitment of higher threshold muscle
fibers. Any of these can lead to enhanced force production
and higher rate of force development (19,30).

We recognize that there are essentially an infinite number of
combinations of WBV frequencies and amplitudes that may
have been employed in this study. Our selection of 30 Hz and
4 mm stems from research published before the conductance of
this study, which suggests these WBVparameters could acutely
enhance neuromuscular performance (7–14,21,28,29,38).
Further studies are required to determine the relative efficacy
of WBV frequency and amplitude combinations on sub-
sequent baseball bat speed. Additionally, the results of this
study should not be referred beyond the baseball bat swing
skill.

In conclusion, the results from this study demonstrate
the positive effect of WBV when combined with total-body
preparatory movements immediately before performing a
complex, whole-body power movement. The conditioning
exercises, when combined with WBV, may in fact ‘‘prime’’
relevant musculature leading to enhanced power. Additionally,
the current study further clarifies the importance of lower body
strength in determining bat swing speed in a baseball player,
whereas upper body strength has less of a role in the process.

PRACTICAL APPLICATIONS

The results from this study may suggest to coaches and
players that exercising in a specific sequence of upper body
then lower body movements with WBVexposure can acutely
increase bat speed by about 2–3%. A small, yet statistically
significant increase in bat speed can provide significant,
practical advantages during competition. In addition to in-
creasing the time available for pitch recognition with the
decrease of movement time (high bat speed), the distance a ball
will travel will also increase. A 3% increase in bat speed will
increase the linear momentum of the bat, translating into
greater batted-ball distance. These exercises with WBV may
be incorporated either on the on-deck circle (WBV platform
embedded within the circle) or within the dugout area, if space
provides. A direct relationship was verified between lower
body strength and bat speed, advising coaches that increasing
leg strength will have a positive impact on bat speed. Therefore,
training programs can be appropriately designed with specific
focus on the legs. Bat speed is of extreme importance to hitters
at any level and the results from this study can help to suggest
methods of enhancing swing performance, leading to on-field
advantages for hitters.
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