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Abstract

Objective: Baseball and softball athletes often use swing training 
implements in preparation for an at bat, or to develop strength/
power. The purpose of the present study is to examine the kinematic 
effects of a resistance tubing training device on youth baseball and 
softball swings both acutely, and after a 4-week intervention.

Methods: Twenty youth baseball and softball athletes participated. 
Ten completed the 4-week intervention and returned for follow up 
testing. Kinematic data were collected using an electromagnetic 
motion capture system on baseline swings. Participants then 
swung with the resistance tubing device, and then took it off, 
and subsequent swings were recorded. Participants completed a 
4-week intervention using the swing trainer, and then reported back 
for follow-up testing. All collected swings were taken off a tee with 
the instructions to hit line drives up the middle of the cage. Data 
were analyzed for center of mass (COM) positioning over base of 
support (BOS), hand velocity, and hand path.

Results: Repeated measures analysis of variance revealed no 
significant changes in COM over BOS, hand velocity, or hand path 
between time points: baseline, acute, and follow-up.

Conclusion: The absence of significant kinematic changes 
means the resistance tubing swing training device could be used 
as a preparation tool for at-bats without the negative performance 
indicators reported in previous research on weighted implements.
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with timing. Specifically, regarding weight distribution, the technique 
of maintaining balance is to have a posterior weight shift to the back 
leg [4]. Considering back elbow extension, it is thought that extending 
the back elbow through ball contact will maximize the transition from 
rotational energy to translational energy of the bat head for a more 
effective force vector into the ball at contact. Additionally, keeping 
the hand path in the trajectory of the pitch will allow the bat to be in 
the hitting zone longer, and create a larger acceptable margin of error 
in timing while still contacting the ball [1]. Because a 90 mile per hour 
pitch take about 0.4 seconds to travel from the pitcher’s hand to home 
plate, hitters must not only be efficient in segmental movements of the 
kinetic chain for optimal energy transfer [2,5-7], but also be efficient 
with the timing of the swing. The less time it takes the hitter to bring 
the bat to the point of ball contact, the more time the hitter has to 
adjust to varying speeds and locations of the pitch. Therefore, training 
that promotes balance, while controlling the center of mass (COM) 
towards the back foot over the base of support, an optimal hand path, 
and increased elbow extension at ball contact may prove beneficial to 
create a more efficient swing and aid hitting performance.

In attempt to improve hitting performance, many implements 
have been used in swing training including weighted bats, swing 
parachutes, and donuts [4,8,9]. One major purpose of these devices 
is to serve as an acute on-deck warm-up device prior to an at-bat. 
To prepare for an at-bat, a hitter must engage the neuromuscular 
system in movements similar to in-game mechanics to optimize 
swing velocity. There are mixed data as to whether weighted 
implements used prior to an at-bat help improve swing velocity, with 
some studies showing lighter or normal bat weights improve swing 
velocity compared to heavier bats [8], others showing no effect at all 
[9], and others showing no change in bat velocity, but a decreased 
response time to a change in stimulus velocity or location (simulated 
pitch) [10]. However, with psychology playing such a role in hitting 
performance, general consensus among coaches is that a hitter should 
warm up in a way which the hitter feels best prepares him or her to 
perform.

Swing training implements have also been used as a training 
intervention. When used as a training intervention, the goal is to 
improve lower extremity, lumbopelvic hip complex (LPHC) and 
torso rotational strength and power, which have been associated with 
increased swing velocity [11-17]. Hitters will use these implements 
at practice as a regimented protocol for tee drills, soft toss, batting 
practice, etc. Additionally, it is common for hitters to have a bat that 
is substantially heavier than the one they use in games to be used in 
practice in an effort to develop rotational power. This notion combines 
the concepts of resistance training with sport specific training. 
Because the nature of the baseball or softball swing is a unique and 
complex movement [1], training modalities that maximize transfer 
to sport performance are necessary to optimize carry over into swing 
velocity [1,7,14,18]. Using swing training aids allow hitters to apply 
overload and underload stimuli while maintaining high kinematic 
specificity.

While the majority of training devices previously discussed have 
consisted of some form of weight on the bat, increasing the force of 
gravity, the present study examined the use of a resistance tubing 

Introduction
Hitting performance in baseball and softball is reliant on the 

use of the entire body as a kinetic chain [1]. Given the importance 
of sequential timing in the kinetic chain and the correlation between 
balance and power production, pitchers often throw pitches of 
varying speeds in an attempt to disrupt a hitter’s timing and balance 
[2,3]. To counter this, hitters often employ a number of strategies. 
Three such strategies are altering weight distribution for balance, to 
extending through the ball with the back elbow for optimal energy 
transfer and adapting hand path to the trajectory of the pitch to aid 
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swing trainer. Resistance tubing is a form of variable resistance 
training, which has been shown to increase power greater than 
that of traditional free weights alone [19-21]. In addition, variable 
resistance training has been shown to have a post-potentiation effect 
increase vertical jump height [22], a commonly used power measure. 
This could translate to similar beneficial effects in a baseball or 
softball swing. It could also be theorized that where using weighted 
implements will always increase the resistance vector with gravity, 
tubing resistance may be more effective at shifting the resistance 
vector closer to the line of the swing. This may promote the desired 
effects of keeping the weight back, a more efficient hand path and 
extending through the ball. 

 A recent study by Barfield and Oliver [23] examined a resistance 
tubing training device known as the Pitcher’s Nightmare Swing 
Trainer and determined that there were no acute differences in COM 
location over base of support (BOS), or segmental velocities. However, 
if resistance tubing training can elicit acute changes in hand path or 
back elbow extension has yet to be determined. Additionally, the 
ability of a resistance tubing device to promote training adaptations 
in hand path, back elbow extension, and or COM positioning is 
unknown. Therefore, the purpose of this study was to examine acute 
and chronic kinematic changes in youth baseball and softball swings 
after a resistance tubing training intervention. We hypothesized 
that hand path would become more direct from hand initiation to 
ball contact both acutely and after a 4-week intervention; that there 
would be increased extension in the back elbow during the course of 
the swing both acutely and after a 4-week intervention; that COM 
positioning would be farther towards the back foot after a 4-week 
training intervention; and that hand velocity would be increased both 
acutely and after a 4-week intervention.

Methods
Experimental approach to the problem

All research was conducted in the Sports Medicine and Movement 
Laboratory within the School of Kinesiology at Auburn University. 
This was a longitudinal study with data recorded at baseline, acutely 
after swinging with a resistance tubing training device, and for follow-
up after a 4-week intervention using the same device. Repeated 
measures analysis of variance (ANOVA) was used to observe center 
of mass (COM) over base of support (BOS), back elbow flexion angle, 
hand path from hand initiation to ball contact, and hand velocity at 
ball contact at baseline, immediately after swinging with the tubing 
device, and at follow-up after a 4-week intervention using the tubing 
device.

Participants

Twenty youth baseball and softball athletes (12.3 + 2.1 yrs, 157.7 
+ 13.6 cm, 51.6 + 15.0 kg) were recruited, on a voluntary basis, to 
participate. Ten (11.6 + 1.8 yrs, 150.4 + 19.0 cm, 52.0 + 13.6 kg) 
completed the 4-week intervention and returned for follow up testing. 
All participants in this study were currently an active participant on 
a competitive baseball or softball team, in good physical health, and 
had no injuries within the past six months. Auburn University’s 
Institutional Review Board approved all testing protocols. Informed 
written consent and parental assent were obtained prior to testing. 

Procedure

Participants reported to the lab without prior engagement 
in planned exercise on that day. Kinematic data were collected 

at 240 Hz using Flock of Birds electromagnetic tracking system 
(TrackSTARTMAscension Technologies Inc., Burlington, VT., 
USA) synced with The Motion Monitor (Innovative Sports Training, 
Chicago, IL., USA). Fourteen electromagnetic sensors were attached 
at the following locations: (1) the posterior/medial aspect of the torso 
at T1, (2) posterior/medial aspect of the pelvis at S1, (3-4) bilateral 
distal/posterior aspect of the upper arm, (5-6) bilateral at, broad 
portion of the acromion of the scapula, (7-8) bilateral distal/posterior 
aspect of the forearm, (9-10) bilateral distal/lateral aspect of the upper 
leg, (11-12) bilateral distal/lateral aspect of the lower leg, (13) dorsal 
aspect of the 3rd metatarsal of the lead leg and (14) dorsal aspect of 
the 3rd metacarpal of the top hand. Medial and lateral aspects of each 
joint were identified and digitized, with joint centers being calculated 
by the midpoint of the two points digitized. 

The error in determining position and orientation of the 
electromagnetic sensors with the current calibrated world axis 
system was less than 0.01 m and 3°, respectively. Intra-rater reliability 
of digitization using the technique described below, which was 
determined during a pilot study of 5 active individuals, was an 
ICC (3, k) of 0.75 to 0.93 for all measurements. In order to ensure 
accurate identification and palpitation of bony landmarks, the 
participant stood in anatomical neutral throughout the duration of 
the digitization process so their body segments could be defined. Raw 
data regarding sensor position and orientation were transformed 
to locally based coordinate systems for each of the representative 
body segments. For the world axis, the positive Y-axis represented 
the vertical direction, in the direction of movement was the positive 
X-axis, and orthogonal to X and Y to the right was the positive Z-axis. 
Position and orientation of the body segments were obtained using 
Euler angle sequences that were consistent with the International 
Society of Biomechanics standards and joint conventions [24]. Elbow 
motion was captured as the forearm moving in reference to the arm 
in a Z, X’, Y” Euler angle sequence, and all hand data were captured 
as the hand in reference to the world. COM was defined as the 
percentage of the body’s COM position from the front leg to the back, 
with 0% indicating the body’s COM positioned over the front leg and 
100% indicating the body’s COM positioned over the back leg [25]. 

The shoulder and hip joint centers were estimated using the 
rotation method, as has been shown to provide accurate positional 
data [26,27]. The shoulder joint center was calculated from the 
rotation of the humerus relative to the scapula, while the hip joint 
center was calculated from the rotation of the femur relative to the 
pelvis. The joint center variation in measurement had to have a root 
mean square error of less than 0.003 m to be accepted. A fourth-order 
Butterworth filter with a cutoff frequency of 13.4 Hz was used to 
smooth raw data of each digitized point [28,29]. 

Once the sensors were secured and the participant was digitized, 
the participant was allowed as much time as needed to warm up. 
Participants were told to hit line drives, up the middle of the cage, 
off of a tee until they were game ready. Tee positioning was left to 
participants’ preference in order to hit line drives through the middle 
of the cage. Once completing the warm-up, participants took five 
swings attempting to hit hard line drives through the middle of the 
cage. After the five swings, participants were given three minutes of 
rest. Rest was implemented to ensure no carryover or fatigue from the 
previous swings. Following rest, participants were equipped with, and 
instructed, on the resistance tubing training device. Participants were 
then asked to perform 20 low efforts, dry swings with the resistance 
tubing device, in an effort to mimic being on-deck. After the 20 dry 
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Event 1
Foot Up

Event 2
Foot Down

Event 3
Hand Initiation

Event 4
Ball Contact

Event 5
Follow-Through

Phase 1 Phase 2 Phase 3 Phase 4

Figure 1: Swing events and phases.

swings, participants were instructed to hit an additional five line-
drives through the center of the cage while wearing the resistance 
tubing training device. Finally, the participant was asked to remove 
the device and hit five hard line drives up the middle. Following the 
collection, participants were instructed in an intervention using the 
resistance tubing swing trainer. The intervention consisted of 50 
swings three days per week, for a total of 150 swings per week for 
4weeks. The protocol of the swings for the intervention was all with the 
Pitcher’s Nightmare Swing Trainer and can be found in Table 1. Data 
from the initial five hits prior to wearing the resistance tubing device 
(baseline) and the last five hits following the use of the resistance 
tubing device (acute resistance training) were used for analysis. 
Specifically, hits two through four of the baseline and acute resistance 
training hits were analyzed and chosen for analysis. Repetitions one 
and five were disregarded in order to avoid the Hawthorne effect. 

Hitting was analyzed at five specific hitting events and across 
four phases. Event 1 was foot up, defined as the first frame visually 
observing the front foot off of the ground. Event 2 was foot contact, 
defined as observing a 50 N increase on the force plate when the front 
foot returned to the ground. Event 3 was hand initiation, defined by a 
change of .01 m in the positive X direction for hand position. Event 4 
was ball contact, defined as the local maximum point of hand velocity 
at a reasonable position for ball contact. Event 5 was follow-through, 
defined as 25 frames after the point of ball contact. These five events 
divided the hitting motion into the four corresponding phases: Phase 
1) between foot up and foot contact, Phase 2) between foot contact 
and hand initiation, Phase 3) between hand initiation and ball contact, 
and Phase 4) between ball contact and follow through. Additionally, 

COM over BOS was defined as a percentage of the body’s COM from 
front to back over the BOS defined as distance between the front and 
back ankles and averaged across phases. Hand path was analyzed 
by breaking up Phase 3 (hand initiation to ball contact) into time 
normalized intervals of 10% with 0% marking hand initiation and 
100% marking ball contact. Back elbow flexion was averaged across 
phases. Hand velocity was analyzed at the event of ball contact. A 
summary of events and phases can be found in Figure 1.

Statistical analyses

Repeated-measures analyses of variance were conducted to 
determine kinematic effects of the resistance tubing device at the 
time points of baseline, immediately following use, and for follow-
up after a 4-week intervention. Bonferroni post-hoc analysis was 
used for any significant variables, and as an exploratory analysis for 
non-significant variables. Data were cleaned and formatted using 
MATLAB software, and analyzed using Statistical Package for Social 
Science (SPSS) software (version 25, SPSS Inc., Chicago, IL, USA) 
with an alpha level set a priori at p ≤ 0.05.

Results
Repeated measures analyses of variance revealed no significance 

for kinematic variables COM over BOS or back elbow flexion at 
any phase during the swing, during the whole swing, or from foot 
contact to follow through both acutely and at follow-up (Tables 2 and 
3); no significance for hand path changes in the x or y direction at 
any time-normalized point from hand initiation to ball contact both 
acutely and after follow-up (Figures 2 and 3, Tables 4 and 5); and no 
significant changes in hand velocity at ball contact (F=0.119, p=0.888) 
from baseline (1982.0 ± 206.1) to both acutely (2011.8 ± 204.7) and at 
follow-up (1996.1 ± 225.3) Tables 2-5 and Figures 2 and 3.

Discussion
This study aimed to build on a previous investigation by Barfield 

and colleagues [23] that determined this device could be used as an 
on-deck, warm-up device, as it would not actually change a hitter’s 
swing. In addition to that investigation, this study examined acute 
effect on hand path and velocity, as well as effects on COM over 

15 nice and easy dry* swings
10 step-across swings#

10 full speed dry* swings
15 swings off tee

*dry swing – no contact with a ball
#step-across swings - hitter begins positioned behind home plate, steps with 
the back leg towards home plate, then with the front leg into a hitting position, 
followed by a normal swing

Table 1: Intervention Swing Protocol.
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Time Phase 1 Phase 2 Phase 3 Phase 4 Phases 1-4 Phases 2-4
Baseline 103.7 ± 50.1 100.5 ± 50.8 86.2 ± 50.0 35.7 ± 3 92.2 ± 45.5 72.3 ± 41.4

Acute 103.8 ± 49.3 102.4 ± 50.4 82.5 ±59.6 37.8 ± 29.2 92.2 ± 44.4 72.0 ± 40.8
Follow-up 111.0 ± 11.7 110.2 ± 9.9 101.1 ±10.3 49.7 ± 20.5 100.6 ± 12.4 82.9 ± 15.1

F, p 0.104, 0.902 0.153, 0.858 0.488, 0.617 0.717, 0.493 0.168, 0.846 0.332, 0.719

Table 2: Elbow Flexion (degrees).

Time Phase 1 Phase 2 Phase 3 Phase 4 Phases 1-4 Phases 2-4
Baseline 70.5 ± 28.2 57.1 ± 7.1 60.6 ± 9.0 63.6 ± 9.8 67.2 ± 20.6 60.5 ± 7.9

Acute 65.5 ± 13.9 56.4 ± 6.8 60.7 ± 8.4 64.4 ± 9.3 63.6 ± 9.8 60.6 ± 7.0
Follow-up 72.3 ± 12.8 61.1 ± 4.9 65.1 ± 6.1 68.7 ± 9.1 70.4 ± 8.3 65.4 ± 4.4

F, p 0.529, 0.592 1.827, 0.171 1.149, 0.325 1.170, 0.318 0.803, 0.453 2.085, 0.134

Table 3: COM over BOS (% front to back).
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training device has on game performance. 

Some participants also reported the lighter feeling of the bat made 
them feel improved control of the bat, which could be beneficial for 
quick adjustments to harder to hit pitches. While adding a wrist and 
forearm training protocol to a traditional lifting program did not 
increase performance measures in baseball swings [30], it could be 
theorized that the increased wrist strength is beneficial for bat control 
to optimize bat path through the hitting zone. While the present 
study did not find any changes in bat path from the resistance tubing 
intervention, it is worth noting the numerical trend of the bat path 
(Figure 3). The trend in bat path represents the vertical hand path after 
the intervention, which is lower and more curvilinear than baseline 
testing. Because of the line of pull of the tube from the back knee to 
the back elbow, this could be trending toward a training adaptation 
that creates more of an upper cut at ball contact. Further studies 
into performance are required to know whether or not this potential 
adaptation is advantageous. Also, future studies should control for 
the strength of the resistance tubing. 

In addition, despite the decreased sample size completing follow-
up testing, the standard deviation of back elbow flexion dramatically 
decreased, particularly up until ball contact from baseline and acute 
to follow-up (Table 2). This could be a constricting effect of the tubing 

BOS, hand path, and hand velocity over a 4-week intervention. Our 
hypothesis that hand path would be more direct to the ball both acutely 
and after 4-week intervention was not supported; our hypothesis 
that COM over BOS would be farther towards the back foot after a 
4-week intervention was not supported; and our hypothesis that hand 
velocity at ball contact would be increased acutely and after a 4-week 
intervention was not supported. However, the absence of significant 
findings is not devoid of value.

The absence of significant changes means there were no 
negative training effects. Williams and colleagues [9] determined 
the best warm-up implement should be the device that the hitter 
feels the most comfort. It should be noted that though there were 
no significant changes, a portion of the youth in the current study 
responded favorably to the device and deemed it beneficial in their 
warm-up swings. Specifically, the participants noted that swinging 
with the resistance tubing made the bat feel lighter once the tubing 
was removed. This anecdotal participant feedback could allude to a 
psychological advantage. Combined with proper warm up and mental 
preparation, the resistance tubing training device could produce a 
psychological edge and confidence that a player should take to an at-
bat, without the potential negative effects on bat velocity of weighted 
implements that some studies report [4,8]. Future research should 
analyze both the acute and training impact that a resistance tubing 

Time Mean Std. Deviation F p
X 0% Baseline -0.564 0.132 0.041 0.960

Acute -0.556 0.108
Follow-up -0.568 0.144

X 10% Baseline -0.540 0.128 0.032 0.969
Acute -0.533 0.105

Follow-up -0.544 0.138
X 20% Baseline -0.509 0.123 0.021 0.979

Acute -0.504 0.102
Follow-up -0.512 0.130

X 30% Baseline -0.470 0.116 0.009 0.991
Acute -0.466 0.098

Follow-up -0.471 0.120
X 40% Baseline -0.421 0.106 0.002 0.998

Acute -0.419 0.093
Follow-up -0.419 0.106

X 50% Baseline -0.362 0.093 0.016 0.984
Acute -0.362 0.085

Follow-up -0.357 0.088
X 60% Baseline -0.294 0.079 0.08 0.923

Acute -0.295 0.072
Follow-up -0.284 0.067

X 70% Baseline -0.219 0.061 0.226 0.798
Acute -0.220 0.055

Follow-up -0.206 0.044
X 80% Baseline -0.141 0.045 0.447 0.642

Acute -0.142 0.036
Follow-up -0.129 0.024

X 90% Baseline -0.066 0.024 0.654 0.524
Acute -0.067 0.019

Follow-up -0.059 0.010
X 100% Baseline 0.000 0.000 . .

Acute 0.000 0.000
Follow-up 0.000 0.000

Table 4: Hand Position During Swing Along Path from Pitcher to Catcher.
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Time Mean Std. Deviation F p
Y 0% Baseline 0.090 0.050 1.565 0.218

Acute 0.100 0.052
Follow-up 0.067 0.042

Y 10% Baseline 0.071 0.048 1.767 0.181
Acute 0.079 0.050

Follow-up 0.045 0.040
Y 20% Baseline 0.053 0.047 2.045 0.139

Acute 0.059 0.047
Follow-up 0.024 0.039

Y 30% Baseline 0.037 0.047 2.175 0.123
Acute 0.040 0.043

Follow-up 0.007 0.038
Y 40% Baseline 0.023 0.045 2.129 0.129

Acute 0.024 0.040
Follow-up -0.006 0.035

Y 50% Baseline 0.012 0.042 2.017 0.143
Acute 0.011 0.036

Follow-up -0.015 0.032
Y 60% Baseline 0.004 0.034 1.851 0.167

Acute 0.002 0.031
Follow-up -0.018 0.027

Y 70% Baseline -0.002 0.023 1.500 0.232
Acute -0.005 0.024

Follow-up -0.017 0.022
Y 80% Baseline -0.004 0.014 0.944 0.395

Acute -0.007 0.017
Follow-up -0.012 0.017

Y 90% Baseline -0.003 0.007 0.539 0.586
Acute -0.005 0.009

Follow-up -0.005 0.009
Y 100% Baseline 0 0 . .

Acute 0 0
Follow-up 0 0

Table 5: Vertical Hand Position During Swing.

device, where the elbow flexion angle did not significantly change, but 
it caused less deviation from the mean. Future research is needed to 
determine this device is narrowing in on, or away from an optimal 
elbow flexion angle.

It should be noted that the way COM over BOS was calculated 
makes it susceptible to variations during Phase 1. The calculation 
involved the position of the COM between the two ankles. 
Consequently, during Phase 1 when the front foot is off the ground, 
the COM position is dependent on how far back the athlete’s front 
foot travels on their leg kick. Therefore, it is more appropriate to look 
at COM over BOS after foot contact, eliminating the load. For the 
whole swing without including Phase 1 (Table 3), there is a numerical 
difference, where the weight is shifted farther posteriorly, which may 
have reached significance with greater participant return for follow-
up testing. Coaches teach keeping the weight back to help maintain 
balance, so there is “something left” to drive forward with. Therefore, 
if this tubing device does improve keeping the weight back, it could 
theoretically improve power via increased balance [3].

Although no significant changes were found neither acute nor 
after a 4-weeks intervention, there were numerical trends that started 
to form that could induce changes over a longer period of time, or 
that could show up with a greater sample size. Coaches, clinicians 
and strength and conditioning personnel should be aware of these 

trends because, while not statistically significant, they could indicate 
clinical meaning. Because of individual differences, some athletes may 
respond better to the potential changes seen in these trends, such as 
a greater upper cut towards ball contact, getting at the “launch angle” 
idea that is becoming more and more prevalent in baseball. With the 
known importance of a hitter warming up how they are comfortable 
[9], logic follows that if the hitter feels the induced changes are 
desirable, it would be reasonable to train in a similar manner. For 
warming up, the lack of significant changes can be interpreted as if 
the hitter feels comfortable using the resistance tubing device, it is an 
acceptable tool. For training in youth baseball and softball athletes, 
the resistance tubing device did not increase hand velocity at ball 
contact, which could be used as a performance indicator [31]; but 
because of individual differences in response to training, if an athlete 
is one who performs well with an increased upper cut at the ball, 
increased back elbow flexion, and a farther posteriorly shifted COM, 
then it could be used as a training device. To summarize, training 
devices and programs should be individualized to the athlete to 
achieve the desired outcomes.

This investigation is novel in that only few other studies have 
examined the use of resistance tubing on baseball or softball swings 
[4,23], and that this study examines altering the line of resistance in 
training devices which could help train individuals to gain an edge in 
the “launch angle revolution.” We did not find evidence of changes 
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in swing kinematics neither acutely, nor after a 4-week intervention; 
however, there limitations that should be noted. Because of the age of 
the population, adherence to the protocol is always a factor, as well 
as participants dropping out. With limited size and a convenience 
sample, results may not translate to the entirety of youth baseball 
and softball populations. Also, to be considered are the number of 
swings taken daily and weekly by the population of interest. With 
resistance tubing applied to the body, the body behaves by the specific 
adaptations to imposed demands principle. Not taking the influence 
of number of swings normally swung during the week serves as a 
limitation and a direction for future studies because that will aid in 
establishing the degree and intensity of a training program. Baseball 
and softball athletes were also included an analyzed as the same 
population. Because of the setting, it is difficult to mimic in game 
swings in a laboratory, and with a tee [32]. Last, we assume that bat 
velocity correlates with hand velocity, but we did not directly measure 
bat velocity as a performance outcome. Future studies should 
examine the effect that the amount of resistance felt in a resistance 
tubing training device has on a baseball or softball swing. Also, a 
longer intervention with a larger sample size should be conducted 
to either confirm or contradict the results found in this study. Future 
studies should also look at swing kinematics and changes with soft 
toss or simulated games.

Conclusion
Resistance tubing training devices were not shown to change 

acute swing kinematics, or after a 4-week intervention. Since there 
were no detrimental effects, it can be used as a warmup, on-deck 
device; however, for training, it should only be used if observed 
individual changes are favorable for that specific athlete.

References

1. Szymanski DJ, Derenne C, Spaniol FJ (2009) Contributing factors for 
increased bat swing velocity. J Strength Cond Res 23: 1338-1352.

2. Fortenbaugh D, Fleisig G, Onar-Thomas A, Asfour S (2011) The effect of 
pitch type on ground reaction forces in the baseball swing. Sports Biomech 
10: 270-279.

3. Simek S, Milanovic D, Jukic I (2008) The effects of proprioceptive training 
on jumping and agility performance. Kinesiology: Int J Fund Appli Kin 39: 
131-141.

4. Szymanski DJ, Bassett KE, Beiser EJ, Till ME, Medlin GL, et al., (2012) Effect 
of various warm-up devices on bat velocity of intercollegiate softball players. 
J Strength Cond Res 26: 199-205.

5. Howenstein J, Sabick MB, Kipp K (2019) Energy flow analysis to investigate 
youth pitching velocity and efficiency. Med Sci Sports Exerc 51: 523-531.

6. Ae K, Koike S, Fujii N, Ae M (2016) Lower body simulation analysis on 
increasing rotational velocity of lower trunk in baseball tee batting. Int Soci 
Biomech Sport.

7. Ae K, Koike S, Fujii N, Ae M, Kawamura T (2017) Kinetic analysis of the lower 
limbs in baseball tee batting. Sports Biomech 16: 283-296.

8. Montoya BS, Brown LE, Coburn JW, Zinder SM (2009) Effect of warm-up 
with different weighted bats on normal baseball bat velocity. J Strength Cond 
Res 23: 1566-1569.

9. Williams CC, Gdovin JR, Wilson SJ, Cazas-Moreno VL, Eason JD, et al., 
(2019) The Effects Of Various Weighted Implements On Baseball Swing 
Kinematics In Collegiate Baseball Players. J Strength Cond Res 33: 1347-1353.

10. Nakamoto H, Ishii Y, Ikudome S, Ohta Y (2012) Kinesthetic aftereffects 
induced by a weighted tool on movement correction in baseball hitting. Hum 
Mov Sci 31: 1529-1540.

11. Szymanski DJ, Szymanski JM, Schade RL, Bradford TJ, McIntyre JS, et al., 
(2010) The relation between anthropometric and physiological variables and 

bat velocity of high-school baseball players before and after 12 weeks of 
training. J Strength Cond Res 24: 2933-2943.

12. Szymanski DJ, Szymanski JM, Schade RL, Bradford TJ (2008) Relationship 
between physiological variables and linear bat swing velocity of high school 
baseball players. Medi Sci sports Exer 40: 422.

13. Bonnette R (2008) The relationship between rotational power, bat speed, and 
batted-ball velocity of NCAA Division I baseball players. J Streng Cond Res 
22: 112.

14. Szymanski (2008) Effect of overweighted forearm training on bat swing and 
batted-ball velocities of high school baseball players. J Streng Cond Res 22: 
109-110.

15. Szymanski DJ, McIntyre JS, Szymanski JM, Bradford TJ, Schade RL, et al. 
(2007) Effect of torso rotational strength on angular hip, angular shoulder, 
and linear bat velocities of high school baseball players. J Streng Cond Res 
21: 1117-1125.

16. Spaniol FJ (2006) Physiological predictors of bat speed and batted-ball 
velocity in NCAA Division I baseball players. J Streng Cond Res 20: 25.

17. Spaniol FJ (2002) Physiological predictors of bat speed and throwing velocity 
in adolescent baseball players. J Streng Cond Res 16: 6.

18. Stuempfle KJ (2004) Effect of hydro-resistance training on bat velocity. J 
Exerc Physi 7: 2.

19. Riviere M, Louit L, Strokosch A, Seitz LB (2017) Variable resistance training 
promotes greater strength and power adaptations than traditional resistance 
training in elite youth rugby league players. J Strength Cond Res 31: 947-955.

20. Anderson CE, Sforzo GA, Sigg JA (2008) Effects of combining elastic and 
free weight resistance on strength and power in athletes. J Strength Cond 
Res 22: 567-574.

21. Joy JM, Lowery RP, Oliveira de Souza E, Wilson JM (2016) Elastic bands 
as a component of periodized resistance training. J Strength Cond Res 30: 
2100-2106.

22. Nickerson BS, Williams TD, Snarr RL, Park KS (2019) Individual and 
combined effect of inter-repetition rest and elastic bands on jumping 
potentiation in resistance-trained men. J Strength Cond Res 33: 2087-2093.

23. Barfield JW, Oliver GD (2018) Acute Effects of a Resistance Tubing Training 
Device on Baseball Swing Kinematics. J Athl Enhanc 7:4 

24. Wu G, Siegler S, Allard P, Kirtley C, Leardini A, et al. (2002) ISB 
recommendation on definitions of joint coordinate system of various joints 
for reporting of human joint motion-part I: ankle, hip, and spine. J Biomech 
35: 543-548.

25. Oliver GD, Friesen K, Barfield JW, Giordano K, Anz A, et al., (2019) 
Association of upper extremity pain with softball pitching kinematics and 
kinetics. Ortho J Sports Med 7: 2325967119865171.

26. Huang YH, Wu TY, Learman KE, Tsai YS (2010) A comparison of throwing 
kinematics between youth baseball players with and without a history of 
medial elbow pain. Chin J Physiol 53: 160-166.

27. Veeger HE (2000) The position of the rotation center of the glenohumeral 
joint. J Biomech 33: 1711-1715.

28. Wicke J, Keeley DW, Oliver GD (2013) Comparison of pitching kinematics 
between youth and adult baseball pitchers: a meta-analytic approach. Sports 
Biomech 12: 315-323.

29. Oliver GD, Keeley DW (2010) Pelvis and torso kinematics and their 
relationship to shoulder kinematics in high-school baseball pitchers. J 
Strength Cond Res 24: 3241-3246.

30. Szymanski DJ, McIntyre JS, Szymanski JM, Molloy JM, Madsen NH, et 
al., (2006) Effect of wrist and forearm training on linear bat-end, center of 
percussion, and hand velocities and on time to ball contact of high school 
baseball players. J Strength Cond Res 20: 231-240.

31. Race DE (2013) A cinematographic and mechanical analysis of the external 
movements involved in hitting a baseball effectively. Res Quart 32: 394-404.

32. Washington JK, Oliver GD (2018) Kinematic differences between hitting off 
a tee versus front toss in collegiate softball players. Int Biomech 5: 30-35.

Author Affiliation                            Top
1Sports Medicine and Movement Laboratory, School of Kinesiology, Auburn 
University, Auburn AL, USA
2Physical Education & Exercise Science Department, Lander University, 
Greenwood, SC, USA

DOI: 10.1519/JSC.0b013e318194e09c
DOI: 10.1519/JSC.0b013e318194e09c
DOI: 10.1080/14763141.2011.629205
DOI: 10.1080/14763141.2011.629205
DOI: 10.1080/14763141.2011.629205
DOI: 10.1519/JSC.0b013e31821b7cde
DOI: 10.1519/JSC.0b013e31821b7cde
DOI: 10.1519/JSC.0b013e31821b7cde
DOI: 10.1249/MSS.0000000000001813
DOI: 10.1249/MSS.0000000000001813
DOI: 10.1080/14763141.2017.1284257
DOI: 10.1080/14763141.2017.1284257
DOI: 10.1519/JSC.0b013e3181a3929e
DOI: 10.1519/JSC.0b013e3181a3929e
DOI: 10.1519/JSC.0b013e3181a3929e
DOI: 10.1519/JSC.0000000000002020
DOI: 10.1519/JSC.0000000000002020
DOI: 10.1519/JSC.0000000000002020
DOI: 10.1016/j.humov.2012.04.005
DOI: 10.1016/j.humov.2012.04.005
DOI: 10.1016/j.humov.2012.04.005
DOI: 10.1519/JSC.0b013e3181f0a76a
DOI: 10.1519/JSC.0b013e3181f0a76a
DOI: 10.1519/JSC.0b013e3181f0a76a
DOI: 10.1519/JSC.0b013e3181f0a76a
DOI:10.1249/01.mss.0000322799.05940.5b
DOI:10.1249/01.mss.0000322799.05940.5b
DOI:10.1249/01.mss.0000322799.05940.5b
DOI: 10.1519/R-18255.1
DOI: 10.1519/R-18255.1
DOI: 10.1519/R-18255.1
DOI: 10.1519/R-18255.1
DOI: 10.1519/JSC.0000000000001574
DOI: 10.1519/JSC.0000000000001574
DOI: 10.1519/JSC.0000000000001574
DOI: 10.1519/JSC.0b013e3181634d1e
DOI: 10.1519/JSC.0b013e3181634d1e
DOI: 10.1519/JSC.0b013e3181634d1e
DOI: 10.1519/JSC.0b013e3182986bef
DOI: 10.1519/JSC.0b013e3182986bef
DOI: 10.1519/JSC.0b013e3182986bef
DOI: 10.1519/JSC.0000000000002593
DOI: 10.1519/JSC.0000000000002593
DOI: 10.1519/JSC.0000000000002593
doi: 10.4172/2324-9080.1000301
doi: 10.4172/2324-9080.1000301
DOI: 10.1016/s0021-9290(01)00222-6
DOI: 10.1016/s0021-9290(01)00222-6
DOI: 10.1016/s0021-9290(01)00222-6
DOI: 10.1016/s0021-9290(01)00222-6
DOI: 10.1177/2325967119865171
DOI: 10.1177/2325967119865171
DOI: 10.1177/2325967119865171
DOI: 10.1016/s0021-9290(00)00141-x
DOI: 10.1016/s0021-9290(00)00141-x
DOI: 10.1080/14763141.2013.838692
DOI: 10.1080/14763141.2013.838692
DOI: 10.1080/14763141.2013.838692
DOI: 10.1519/JSC.0b013e3181cc22de
DOI: 10.1519/JSC.0b013e3181cc22de
DOI: 10.1519/JSC.0b013e3181cc22de
DOI: 10.1519/R-17134.1
DOI: 10.1519/R-17134.1
DOI: 10.1519/R-17134.1
DOI: 10.1519/R-17134.1
https://doi.org/10.1080/10671188.1961.10613161
https://doi.org/10.1080/10671188.1961.10613161
https://doi.org/10.1080/23335432.2018.1472038
https://doi.org/10.1080/23335432.2018.1472038

	Title
	Corresponding Author
	Abstract 
	Keywords
	Introduction 
	Methods
	Experimental approach to the problem 
	Participants 
	Procedure
	Statistical analyses 

	Results
	Discussion
	Conclusion 
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Figure 1
	Figure 2
	Figure 3
	References

