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A dlap hit isused for the left-handed batters who can get arunning
start before hitting the ball by using the left-side running slap. The
purpose of this study was to compare the biomechanical difference
of the torso twist between the slap and ordinary hit. Ten female | eft-
handed college softball batters participated in this study. A VICON
612 motion analysis system was used to analyze the motion of the
players. Surface reflective markers were placed on selective
anatomical landmarks for each participant. Slap hits showed less
backward rotation of the torso during wind-up phase while ordinary
hits showed more forward rotation of the torso during follow-
through phase. There was no significant difference between slap and
ordinary hits at impact. The findings of this study suggested that
torso rotational position at bat-ball contact was not affected by
various hitting technique. Moreover, bat linear velocity, batted ball
velocity and angular velocity of torso twist were decreased in slap
hit compared to ordinary hit. The findings of this study suggested
that in addition to the advantage of the hitter with more close
position to first base, the possible disadvantage of slower batted ball
velocity, reduced angular velocity of torso twist, the restricted torso
backward twist in wind-up phase and limited torso forward twist in
follow-through phase should be taken into consideration during
performing the slap hit.
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Abstract

A dlap hit is used for the left-handed batters who can get a running start before hitting the
ball by using the left-side running slap. The purpose of this study was to compare the biomechanical
difference of the torso twist between the slap and ordinary hit. Ten female left-handed college
softball batters participated in this study. A VICON 612 motion analysis system was used to analyze
the motion of the players. Surface reflective markers were placed on sel ective anatomical landmarks
for each participant. Slap hits showed less backward rotation of the torso during wind-up phase
while ordinary hits showed more forward rotation of the torso during follow-through phase. There
was no significant difference between slap and ordinary hits at impact. The findings of this study
suggested that torso rotational position at bat-ball contact was not affected by various hitting
technique. Moreover, bat linear velocity, batted ball velocity and angular velocity of torso twist
were decreased in slap hit compared to ordinary hit. The findings of this study suggested that in
addition to the advantage of the hitter with more close position to first base, the possible
disadvantage of slower batted ball velocity, reduced angular velocity of torso twist, the restricted
torso backward twist in wind-up phase and limited torso forward twist in follow-through phase

should be taken into consideration during performing the slap hit.

Keywords: slap hit, ordinary hit, torso twist, the batted ball velocity, bat velocity



Introduction

The excellence of sport performance has become one of the major goals of government
policy in Taiwan. It is essentia to longitudinally monitor the biomechanical characteristics of sports
in order to reach the optimal performance. Softball is one of the sports that Taiwan has showed
great success in international competitions (3= % *# , 2006). Whilst the sport of softball has achieved
worldwide popularity over the last 100 years, a consideration of the scientific principles
underpinning softball isin itsinfancy (Flyger, et al., 2006).

Softball is a variation of baseball that uses a softer and larger ball, a smaller and lighter bat,
and a smaller playing field. Various motor skills are associated with softball, such as pitching,
batting and fielding. Excellent batting ability is one of the most important factors to win the
competition. A powerful bat swing requires to be generated by using ground reaction force and
transferring the force through biomechanical links of the motor segments in baseball hitting
(Katsumata, 2007). Severa biomechanical researches regarding ordinary (normal) hitting have been
reported in previous studies. Tabuchi et a. (2007) found that the bat head was at maximum speed at
impact when stationary balls of standard weight were used. Inkster et a. (2011) found that
high-caliber hitters had a higher velocity (36.8 m/s) and lead elbow maximum angular velocity
while low-caliber hitters had alower velocity (33.8 m/s) and lead elbow maximum angular velocity.
Nicholas et a. (2003) compared the bat kinematics difference between meta bats and wooden bats
and found that metal bats produced a higher liner bat tip velocity than wooden bats because of
lower swing moment of inertia in metal bats. There have been numerous baseball hitting studies
published in literatures. In comparison, softball batting has received minimal attention in the sports
science literature and a significantly smaller amount has been spent on the needs of the softball
athlete (Welch et al., 1995).

Baseball/softball hitting is an open kinetic chain movement (Nicholls, 2003). The initiation
of hitting is from the most proxima segment, the lower limbs, to the most distal part, the bat
(Putman, 1993). In order, the connection between the proximal and distal segments should be

well-coordinated to effectively accelerate the swing. A variety of batting techniques have been
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adopted in the course of a typical game in order to step to first base as quickly as possible. In
addition to the ordinary hit, a slap hit is a unique technique legally and frequently used in softball
game. A dlap hit is used only for the left-handed batters who can get a running start before hitting
the ball by using the left-side running slap. The batter is already several steps closer to the first base.
Although dlap hit seems to have its advantage in hitting competition, the biomechanical
characteristics of softball slap hit is needed to be quantified to understand the kinematic difference
from ordinary hit.

Thetorso is the kinetic linkage between the upper and lower limbs, and its sequential motion
in batting has been considered to transfer power and generate synergy between the lower and upper
limbs (Morishita, 2010). Welch et a. (1995) indicated that a hitter starts the swing with a weight
shift toward the rear foot and development of torso twist. Escamilla et a (2009b) indicated that
adult hitters maintained a more open pelvis position at lead foot off ground and maintained a more
open upper torso position when the hands started to move forward and a more closed upper torso
position at impact. Accordingly, investigating the hitting movement in term of torso twisting by
focusing on the torso twist is a useful way for understanding the hitting kinematics. There have
been lots of researches about baseball hitting in previous studies, very little is known about the
twisting motion of the torso in slap hit techniques. Therefore, the purpose of this study was to
compare the difference of the torso twist between the slap and ordinary hit. The hypothesis of this
study was that there will be a significant difference between slap hit and ordinary hit, and the batted
ball velocity and the linear bat velocity will be compensatory to the difference between two hitting

techniques.

Methods
Participants

Ten female left-handed college softball batters participated in this study (age: 19.8+1.0 years;
height: 160.7+3.2 cm; weight: 58.5+3.4 kg; hitting experience: 7.3+1.9 years). Before the

experiment, the experimental procedure has been explained for each participant and the inform
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consent has been signed by each participant. The research protocol has been approved by the ethical
committee of National Taiwan College of Physical Education.
Equipments and Protocol

A VICON 612 motion analysis system (Oxoford Metrics Limited.) with six digital cameras
(250 Hz) was used to analyze the motion of the players. Surface reflective markers were placed on
selective anatomical landmarks for each participant, including the acromion process, the spinal
processe of the 8" thoracic spine and the anterior superior iliac spines. One surface marker was
placed on the bat tip to measure the bat head velocity. The ball was wrapped with reflective paper to
estimate the batted ball velocity. Each participant performed three trials of each hitting technique
(ordinary hit and slap hit) from a batting tee.
DataAnalysis

Softball batting consist of a wind-up, swing and follow-through phases (Fig 1). For the
kinematic analysis, the swing motion in softball batting was divided into severa events, including
start of take back, right toe off, right toe on, swing start, impact and swing end (Tago, 2010). Slap
hits had two additional instants during the wind-up phase, |eft toe off and |eft toe on, to prepare the

players with anticipatory running start.

Figure 1: Ordinary hit (upper) and slap hit (lower).



The torso twist was defined as the angle between the direction of trunk segment in the
frontal plane and the direction of the base toward the pitcher (Morishita, 2010). In this study,
positive angle denoted a rotation to right (forward twist) and negative angle denoted a rotation to
left (backward twist), while zero degree meant the torso was paralel to the direction of the base
toward the pitcher. The batting time for each phase was recorded and the instant timing was
measured and normalized as 100% of batting cycle.

Satistical Analysis

The testing variables were the batted ball velocity, the bat head velocity, the batting timing,
the torso twist angle and its corresponding angular velocity at each specific instant in head, shoulder
girdle, C7, T8, L5 and pelvis. Paired-t test was used to compare the difference for each analyzed

parameter between ordinary hit and slap hit (SPSS, V13.0).

Results
Velocity and Timing

The batted ball velocity and the bat head velocity were shown in Table 1. There were
significant difference between ordinary hit and slap hit (p<0.005). Ordinary hit had significantly

faster batted ball velocity and bat head velocity than slap hit.

Table 1: Batted ball velocity and bat head velocity in ordinary hit and slap hit.

m/sec Ordinary Hit Slap Hit Pvalue
Batted ball velocity 19.94+3.06 16.81+3.88 0.003*
Bat head velocity 22.52+2.61 18.46+3.30 0.000*

*Significant difference (p<0.05).

Batting time and timing at each instant was shown in Table 2. Instant timing of right toe on
had significant difference between ordinary hit and slap hit (p<0.01). Slap hit showed significantly
faster right toe on than ordinary hit. No significant difference between ordinary hit and slap hit was

found in batting time.



Table 2: Batting timing of each phase in ordinary hit and slap hit.

Ordinary Hit Slap Hit Pvalue
Total 436.58+69.69 440.50+81.26 0.848
Time (ms) Wind up 280.83+75.80 299.42+79.76 0.375
Swing 65.33+14.75 14.92+115.03 0.152
Follow through 90.42+37.78 126.17+113.30 0.296
Timing at R toe off 38+13.7 31+12.1 0.159
each instant R toeon 59+9.1 48+10.3 0.007*
(%) Swing start 63+£10.6 67+7.3 0.292
Impact 79+£9.1 71+£25.9 0.291

*Significant difference (p<0.05).

Torso Twist Angle

Angle at each Hitting Instant

Head

The torso twist angles of the head in ordinary hit and slap hit were shown in Fig 2. Head
position was not evidently changed until impact. Significant differences in head were found at the
instants of the right toe off, right toe on and swing start (p<0.05). Slap hit showed more forward
rotation than the ordinary hit during the mid-wind-up phase. However, there was no significant

difference at impact.
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Figure 2: Torso twist angle of the head in ordinary hit and slap hit (* denoted paired t test, p<0.05).



Shoulder Girdle

The torso twist angles of the shoulder girdle in ordinary hit and slap hit were shown in
Figure 3. Significant differences in shoulder girdle were found at the instants of the start of take
back, right toe off, right toe on, swing start and swing end (p<0.05). Slap hit showed less torso
backward rotation than the ordinary hit during the wind-up phase and less torso forward rotation

during follow-through phase. However, there was no significant difference at impact.
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Figure 3: Torso twist angle of the shoulder girdlein ordinary hit and slap hit (* denoted paired t test,
p<0.05).

C7

The torso twist angles of the C7 in ordinary hit and slap hit were shown in Figure 4.
Significant differencesin C7 were found at the instants of the start of take back, right toe off, right
toe on, swing start and swing end (p<0.05). Slap hit showed less torso backward rotation than the
ordinary hit during the wind-up phase and less torso forward rotation during follow-through phase.

However, there was no significant difference at impact.
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Figure 4: Torso twist angle of the C7 in ordinary hit and slap hit (* denoted paired t test, p<0.05).

T8

The torso twist angles of the T8 in ordinary hit and slap hit were shown in Figure 5.
Significant differencesin T8 were found at the instants of the start of take back, right toe off, right
toe on and swing start (p<0.05). Slap hit showed less torso backward rotation than the ordinary hit

during the wind-up phase. However, there was no significant difference at impact and swing end.

Degrees
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Figure 5: Torso twist angle of the T8 in ordinary hit and slap hit (* denoted paired t test, p<0.05).

LS

The torso twist angles of the L5 in ordinary hit and slap hit were shown in Figure 6.
Significant differencesin L5 were found at the instants of the start of take back, right toe off, right

toe on and swing start (p<0.05). Slap hit showed less torso backward rotation than the ordinary hit
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during the wind-up phase. However, there was no significant difference at impact and

follow-through phase.
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Figure 6: Torso twist angle of the L5 in ordinary hit and slap hit (* denoted paired t test, p<0.05).

Pelvis

The torso twist angles of the pelvis in ordinary hit and slap hit were shown in Figure 7.
Significant differences in pelvis were found at the instants of the start of take back, right toe off,
right toe on, swing start and swing end (p<0.05). Slap hit showed less torso backward rotation than
the ordinary hit during the wind-up phase and more torso forward rotation during follow-through

phase. However, there was no significant difference at impact.
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Figure 7: Torso twist angle of the pelvisin ordinary hit and slap hit (* denoted paired t test,

p<0.05).
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Peak Angle

Maximum forward torso twist angle in ordinary hit and slap hit was shown in Table 3. There
was a significant difference between ordinary and slap hit in shoulder girdle, C7 and pelvis (p<0.05).
Ordinary hit had significantly greater forward rotation in shoulder girdie and C7 than slap hit while

slap hit had significantly greater forward rotation in pelvis than ordinary hit.

Table 3: Maximum forward torso twist angle in ordinary hit and slap hit. (* denoted paired t test,
p<0.05)

®) Ordinary Hit Slap Hit Pvaue

Head 83.76 + 14.47 88.40 £ 17.06 0.476
Shoulder Girdle 143.27 £ 13.65 128.46 * 13.03 0.026*
c7 136.41 + 11.06 123.16 = 13.00 0.040*

T8 127.39 + 7.87 122.84 + 9.70 0.248

L5 107.83 £ 9.59 111.66 + 9.86 0.194
Pelvis 104.66 + 6.64 113.21 + 7.08 0.011*

Maximum backward torso twist angle in ordinary hit and slap hit was shown in Table 4.
There was a significant difference between ordinary and slap hit in shoulder girdle, C7, T8, L5 and
pelvis (p<0.05). Ordinary hit showed significantly more backward rotation than slap hit in all torso

segments (p<0.05). However, no significance was found in head.

Table 4: Minimum torso twist angle in ordinary hit and slap hit. (* denoted paired t test, p<0.05)

®) Ordinary Hit Slap Hit Pvaue

Head 20.17 £ 12.98 25.58 + 14.59 0.165
Shoulder Girdle -50.67 + 10.44 -34.61 t+ 1441 0.001*
c7 -39.45 + 1254 -25.48 + 13.20 0.005*

T8 -41.01 + 11.25 -24.95 t+ 16.57 0.000*

L5 -35.87 £ 9.45 -20.02 + 11.44 0.000*
Pelvis -32.70 £ 7.47 -17.23 + 10.28 0.000*

ROM

11



Range of motion (maximum angle — minimum angle) in ordinary hit and slap hit was shown
in Table 5. There was a significant difference between ordinary and slap hit in shoulder girdle, C7,
T8 and L5 (p<0.05). Ordinary hit had significantly greater ROM than slap hit. No significance was

found in head and pelvis.

Table 5: ROM of torso twist in ordinary hit and slap hit. (* denoted paired t test, p<0.05)

® Ordinary Hit Slap Hit Pvaue

Head 63.59 * 19.46 62.82 + 15.17 0.910
Shoulder Girdle 193.94 + 20.31 163.07 = 15.56 0.000*
C7 175.86 £ 14.93 148.63 + 9.74 0.000*

T8 168.40 + 16.17 147.79 = 16.71 0.000*

L5 143.70 + 15.19 131.68 = 13.13 0.009*
Pelvis 137.36 £ 12.87 130.44 *+ 11.82 0.068

Angular Velocity
At Impact

Angular velocity at impact in ordinary hit and slap hit was shown in Table 6. There was a
significant difference on the angular velocity at impact for all segments, except L5 (p<0.05).
Ordinary hit had significantly greater angular velocity than slap hit in head, shoulder girdle, C7, T8
and pelvis. It was obvious that angular velocity was getting faster from proximal (lower segment,
pelvis; 255.2 m/s for ordinary hit; 204.6 m/s for slap hit) to distal (upper segment, shoulder girdie;

534.3 m/sfor ordinary hit; 394.2 m/sfor slap hit).

Table 6: Torso twist velocity at impact in ordinary hit and slap hit. (* denoted paired t test, p<0.05)

(°/s) Ordinary Hit Slap Hit Pvalue
Head 272.06 + 181.27 157.75 * 86.99 0.013*
Shoulder Girdle 534.27 £ 90.55 394.19 + 74.74 0.000*
C7 493.82 £ 111.75 330.21 + 60.60 0.000*

T8 518.02 + 110.17 338.17 + 75.08 0.001*

L5 276.97 + 74.24 240.42 + 76.75 0.063
Pelvis 255.22 + 54.15 204.58 + 53.38 0.005*

12



Peak Velocity

Maximum angular velocity of forward torso twist in ordinary hit and slap hit was shown in

Table 7. There was a significant difference between ordinary hit and slap hit in shoulder girdle, C7,

T8, L5 and pelvis (p<0.05). Ordinary hit had significantly greater angular velocity of forward

rotation. However, no significant difference was found in head.

Table 7: Maximum torso twist velocity in ordinary hit and slap hit. (* denoted paired t test, p<0.05)

/s)

Ordinary Hit

Slap Hit

Pvalue

Head

Shoulder Girdle

C7
T8
LS

Pelvis

352.41 £ 224.37
845.59 * 12441
781.19 * 150.86
840.17 + 116.37
655.49 * 147.70
588.68 *+ 61.36

268.96 + 67.63
616.26 £ 87.51
575.57 £ 61.30
573.62 £ 75.51
366.06 £ 101.56

323.12 * 64.56

0.198
0.000*
0.001*
0.000*
0.000*
0.000*

Timing at which maximum angular velocity of forward torso twist occurred in ordinary and
dap hit was shown in Table 8. Zero denoted maximum angular velocity occurred at impact.
Negative sign denoted maximum angular velocity occurred before impact while positive sign
denoted maximum angular velocity occurred after impact. Maximum angular velocity occurred
before impact in all torso segments except head. Significant difference was only found in shoulder
girdle (p<0.05). Maximum angular velocity occurred earlier in slap hit (-17.6 ms) than in ordinary

hit (-15.7 ms).

Table 8: Timing of max torso twist velocity in ordinary hit and slap hit (zero = the impact; negative
= before impact; positive = after impact). (* denoted paired t test, p<0.05)

(ms) Ordinary Hit Slap Hit Pvalue
Head 9.90 + 3.73 16.50 + 46.53 0.658
Shoulder Girdle -15.70 £ 2.79 -17.60 + 2.50 0.025*
C7 -14.00 £ 7.07 -18.20 + 1.87 0.060

T8 -13.80 £ 3.01 -16.00 £ 1.89 0.055

L5 -19.30 £ 4.62 -20.70 + 14.98 0.786
Pelvis -21.80 + 2.74 -17.70 + 5.79 0.054
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Discussion
Slap Hit

This study investigated the torso kinematics of the slap hit. Slap hit is a softball hitting skill
with unique hitting advantage. First, the batter stands in her standard hitting position so that she
does not tip the defense. The slapper must be in position where crossover step will put her on the
lines of the front inside corner of the box (Potter et al., 2007). To execute the dlap, the hitter runs
first and hits second. She starts to move when the ball leaves the pitcher’s hand. She must not
anticipate the release. If she starts too soon, she will have to stop moving to slap the ball or will be
way out of the box (1 £-4¢ et a., 2007). The first step is a small jab step with the right foot,
either forward or backward. The jab step acts as a timing mechanism. The left foot crosses
aggressively over the right foot directly to the pitcher. The left foot should land on the front line of
the box on the inside corner. The right then opens slightly toward the pitcher.

A left-handed batter can get a running start before hitting the ball by using the left-side
running slap. The lefty is already severa steps closer to first base (Garman, 2001). Adding a
running start puts tremendous pressure on the defense to make the play quickly. The play often
moves the defense out of position as well. To be successful, the batter should have good speed and
the ability to put the ball in play.

Bat Velocity

Bat swing velocity is a critical parameter of the baseball swing when identifying skill level
and performance between hitters (Inkster et al. 2011). In this current study, batted ball velocity was
approximately 15.7% less using a slap hit compared using an ordinary hit, while bat head velocity
was approximately 18.0% less using a slap hit compared using an ordinary hit. Escamilla et al.
(2009) investigated the bat (distal end) linear velocity at bat-ball contact in baseball hitting and the
results showed 31+4 m/s in normal grip and 28t5 m/s in choke-up grip. Welch et al. (1995)
guantified the maximum bat linear velocity (3112 m/s) in baseball hitting. Inkster et al. (2011)

measured the bat linear velocity in high-caliber hitters (36.8£3.1 m/s) and low-caliber hitters (33.8%
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2.1 m/s). The velocity measured in previous studies (31-37 m/s) was higher than the velocity
measured in this study (23 m/s) and it might be due to the different sports (baseball vs. softball) and
different players (male vs. female).
Swing Timing

This study showed no significant difference on the time of each phase between slap hit and
ordinary hit, implying that the early stance of the right lower limb would not affect the phase timing.
However, slap hit (48% of hitting phase) showed significantly early right toe on than ordinary hit
(59% of hitting phase). No other instant timing parameter was significantly different between two
hitting skills. It was implied that the torso movement coordination of softball swing was quite close
for these two hitting skills as a consequence of the similar temporal instant, such as right toe off,
swing start and impact. Escamilla et al. (20098) measured the time of each phase in baseball hitting.
Based on Escamilla’s definition of hitting phase, we re-calculated the phase time percentage for our
data. In this study, ordinary softball hitting had the 51.22%, 9.76% and 39.02% for stride, transition
and acceleration phase, respectively, while in Escamilla’s study, baseball hitting had the 64.0%,
12.1% and 23.9% for stride, transition and acceleration phase, respectively. It was indicated that
body coordination and movement strategy were different in baseball and softball hitting due to the
various temporal instant.
Torso Twist Angle

For upper torso (shoulder girdle), from take back to swing start, the slap hit showed less
backward rotation than the ordinary hit, indicating that the slap hit step forward with left leg during
the wind-up phase would substantially influence or limit the torso twist backward. At the end of
swing, more upper torso twist was present in the ordinary hit (more rotation to right). It would
perhaps be the outcome of higher swing velocity.

The middle and lower torso (the thorax and pelvis), showed very similar twisting patterns.
However, when examining the difference between the ordinary hit and the slap hit in the wind-up
phase, the tendency of getting greater difference was observed between the upper torso and lower

torso as well as from the early wind-up to late wind-up phases. At swing start, the lower torso in the
15



dlap hit aready rotated toward the direction of pitcher (26° of forward rotation) while in the
ordinary hit, the torso maintained a backward position (22° of backward rotation) to prepare the
further quick forward rotation of trunk during the swing phase.

The restricted backward torso twist in the wind-up phase and the incomplete forward torso
twist in the follow-through phase, especialy in the upper torso, may be the cause of the limited bat
swing acceleration in the slap hit. This possible disadvantage should be taken into consideration in
softball batting when the batters using the slap hit, making the batter much closer to the first base.

A more closed position is assumed if the torso twist angle becomes less positive or more
negative (Escamillaet al., 2009a & 2009b). A more open position is assumed if the torso twist angle
becomes more positive. All torso segments showed open position at impact. No significant
differences at impact were found in any torso segment. It was then clear that the torso position at
bat-ball contact was not affected by various hitting techniques used prior to impact. Katsumata
(2007) demonstrated that the timing of stepping with a front foot and shifting weight forward was
modified relative to the pitch’s speed but timing variability progressively reduced up to bat-ball
contact. Thus, no matter what hitting skill is used or how fast the ball is pitched, the hitter’s
movement coordination is approaching consistent at impact.

In comparison with previous study, we found that our findings of torso twist angle were

close to Welch’s study (Table 9).

Table 9: Comparison of torso twist angle (*) between previous study and this study.

Segment Study Toe off Toe On Impact
Shoulder girdle Welch (1995) -30+14 -29+16 66+22
This study -34115 -48112 88+12
Pelvis Welch (1995) -18t7 4+17 83+9
This study -22+10 -22t7 8519

Timing from backward to forward rotation

Head was always in the direction of pitcher before impact, corresponding to 25" and 33" of

16



forward rotation in ordinary hit and slap hit, respectively, to alow the batters to focus on the pitcher
and the pitching ball. The greatest forward rotation in head was found at swing end. The timing
from backward to forward rotation in shoulder girdle, C7 and T8 was just subsequent to swing start
in ordinary hit and slap hit. However, the timing from backward to forward rotation in L5 and pelvis
was between right toe on and swing start in slap hit, while the timing from backward to forward
rotation in L5 and pelvis was between swing start and impact in slap hit.
Velocity of Torso Twist
This study showed that ordinary hit had significantly greater angular velocity of torso twist

than dlap hit at each torso segment, from shoulder girdle to pelvis except head rotational velocity,
ranging from 589 °/sto 846 “/sin ordinary hit and from 323 ‘/sto 616 ‘/sin dap hit. There was a
trend that faster velocity occurred in upper torso (distal segment, shoulder girdie) while slower
velocity occurred in lower torso (proximal segment, pelvis), indicating a segmental rotation found
during softball hitting. Escamilla et al. (2009) measured the peak pelvis angular velocity (681 °/s)
and peak upper torso angular velocity (850 °/s) in baseball hitting. Welch et al. (1995) measured the
maximum hip rotational velocity (714£76 °/s) and maximum shoulder rotation velocity (9371102 °
/s) in baseball hitting. Both above studies demonstrated quicker velocities than the velocities
measured in this study. But both studies revealed the tendency that upper torso velocity was faster
than lower torso velocity.
Instant of Bat-Ball Contact

Bat-ball contact is one of the most critical instant in baseball/softball hitting. Our comparison
between ordinary hit and slap hit showed no significant difference on torso twist angles but
significant differences on torso twist velocities (except L5). It was indicated that slap hit did not
affect the torso twist angle but might influence or inhibit the torso twist velocity. Softball players
performed these two hitting skills with the similar body coordination but with different performance
outcome at impact.
Limitation of This Sudy

We collected swing motion of the softball hitters with a stationary ball in a motion laboratory
17



using a batting tee. The ball pitched from the pitcher and the real field in stadium were not used in

this study. It might be different from the real satiation of the completion or practice.

Conclusion

This study investigated the torso twist in the slap hit and ordinary hit. Slap hits showed less
backward rotation of the torso during wind-up phase while ordinary hits showed more forward
rotation of the torso during follow-through phase. There was no difference between slap and
ordinary hits at impact. The findings of this study suggested that torso rotational position at bat-ball
contact was not affected by various hitting technique. The restricted torso backward twist in
wind-up phase and limited torso forward twist in follow-through phase should be taken into
consideration during the slap hit. The numerous differences in kinematics and temporal parameters
between ordinary hit and slap hit suggest that hitting mechanics are different between these two

hitting skills.
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COMPARISON OF TORSO TWIST BETWEEN SLAP HIT AND ORDINARY HIT IN
SOFTBALL BATTING

Yi-Wen Chang’, Hsiu-Mei Hsieh', Shien-Ming Yang? Feng-Yin Chen? , Hua-Wei
Lin? and Hong-Wen Wu?®

Department of Exercise and Health Science', Department of Ball Sports?,
Department of Physical Education®
National Taiwan College of Physical Education, Taichung, Taiwan

Softball batters take advantage of slap hit, by positioning the batters much closer to the
first base. The purpose of this study was to compare the difference of torso twist between
a slap hit and an ordinary hit in softball batting. Ten female college softball batters
performed slap hits and ordinary hits. Reflective markers were placed on specific
landmarks for each subject and VICON motion analysis system was used to record the
hits. Slap hits showed less backward rotation during the torso wind-up phase while
ordinary hit showed more forward rotation during the torso follow-through phase. No
difference on trunk rotation was found at impact. The findings of this study suggested that
the restricted backward torso twist during the wind-up phase and the limited forward torso
twist during the follow-through phase should be taken into consideration in slap hits.

KEY WORDS: shoulder girdle, thorax, pelvis.

INTRODUCTION: Various motor skills are associated with softball, such as pitching, batting
and fielding. Excellent batting ability is one of the most important factors to win the
competition. A variety of batting techniques have been adopted in the course of a typical
game in order to step to first base as quickly as possible. In addition to the ordinary hit, a
slap hit is a unique technique frequently used in softball batting. A slap hit is used only for the
left-handed batters who can get a running start before hitting the ball by using the left-side
running slap. The batter is already several steps closer to the first base. The torso is the
kinetic linkage between the upper and lower limbs, and its sequential motion in batting has
been considered to transfer power and generate synergy between the lower and upper limbs
(Morishita, 2010). However, very little research has been conducted to study the twisting
motion of the torso in various softball batting techniques. Therefore, the purpose of this study
was to compare the difference of the torso twist between the slap and ordinary hits.

METHODS: Ten female left-handed college softball batters participated in this study (age:
19.841.0 years; height: 160.7£3.2 cm; weight: 58.5£3.4 kg; hitting experience: 7.31£1.9
years). A VICON 612 motion analysis system (Oxoford Metrics Limited.) with six digital
cameras (250 Hz) was used to analyze the motion of the players. Surface reflective markers
were placed on selective anatomical landmarks for each participant, including the acromion
process, the spinal processe of the 8" thoracic spine and the anterior superior iliac spines.
Each participant performed three trials of each hitting technique from a batting tee.

Softball batting consist of a wind-up, swing and follow-through phases (Fig 1). For the
kinematic analysis, the swing motion in softball batting was divided into several events,
including start of take back, right toe off, right toe on, swing start, impact and swing end
(Tago, 2010). Slap hits had two additional instants during the wind-up phase, left toe off and
left toe on, to prepare the players with anticipatory running start. The torso twist was defined
as the angle between the direction of trunk segment in the frontal plane and the direction of
the base toward the pitcher (Morishita, 2010). In this study, positive angle denoted a rotation
to right (forward twist) and negative angle denoted a rotation to left (backward twist), while
zero degree meant the torso was parallel to the direction of the base toward the pitcher.
Paired-t test was used to compare the difference between ordinary hits and slap hits (SPSS,
V13.0). The testing variables were the torso twist angles at each specific batting instant in
shoulder girdle, thorax and pelvis.

ISBS 2011 61 Porto, Portugal
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Figure 1: Ordinary hit (left) and slap hit {right).

RESULTS: The torso twist angles in ordinary and slap hits are shown in Fig 2. Significant
differences in torso twist (from shoulder girdle to pelvis) were found at the instants of the start
of take back, right toe off, right toe on, swing start and swing end (p<0.05). Slap hits showed
less torso backward rotation than the ordinary hit during the wind-up phase. However, there
was no significant difference atimpactin all torso segments.

DISCUSSION: For upper torso (shoulder (5 Ontuny —w siop
girdle), from take back to swing start, the s .
slap hit showed less backward rotation - 4
than the ordinary hit, indicating that the ) 4

slap hit step forward with left leg during S
the wind-up phase would substantially
influence  or limit the tlorso twist
backward. At the end of swing, more “1 2', ¥ = .7 :
upper torso twist was present in the i D
ordinary hit (more rotation to rght). It | TR Baeon S M R —
would perhaps be the outcome of higher

swing velocity.

The middle and lower torso (the thorax | Doy —w—Ti|
and pelvis), showed very similar twisting

patterns. However, when examining the e ‘
difference between the ordinary hit and 13y e
the slap hit in the wind-up phase, the w | L=
tendency of getling grealer difference
was observed between the upper torso ;
and lower torsa as well as from the early . ~ * * 2
wind-up to late wind-up phases. At swing [ 77"—'?7;;- - —— P
start, the lower torso in the slap hit :
already rotated toward the direction of
pitcher (26" of forward rotation) while in
the ordinary hit, the torso maintained a T :
backward position (22 of backward o Gy |
rotation) to prepare the further quick = A
forward rotation of trunk during the swing i l e
phase. f
The restricted backward torso twist in the 5
wind-up phase and the incomplete -
forward torso twist in the follow-through o
phase, especially in the upper torso, may
be the cause of the limited bat swing
acceleration in the slap hit. This possible -0
disadvantage should be taken into i : i i .
consideration in softball batting when the  (arnee) {noras tmidate). aa pelvie Gower.

batters using the slap hit, making the * denoted statistical significance (paired-t test,
batter much closer to the first base. p<0.05).
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No significant differences at impact were found in any torso segments. It was clear that the
torso position at bat-ball contact was not affected by various hitting techniques used prior to
impact.

CONCLUSION: This study investigated the torso twist in the slap hit and ordinary hit. Slap
hits showed less backward rotation of the torso during wind-up phase while ordinary hits
showed more forward rotation of the torso during follow-through phase. There was no
difference between slap and ordinary hits at impact. The findings of this study suggested that
torso rotational position at bat-ball contact was not affected by various hitting technique. The
restricted torso backward twist in wind-up phase and limited torso forward twist in follow-
through phase should be taken into consideration during the slap hit.

REFERENCES:

Morishita, Y., Tanai, T., & Hirano, Y. (2010). A new approach for assessing kinematics of torso twist in
baseball batting: a preliminary report. XXVIII ISBS proceeding, 517-518.
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Introduction

COMPARISON OF TORSO TWIST BETWEEN SLAP HIT AND
ORDINARY HIT IN SOFTBALL BATTING

Yi-Wen Chang'. Hsiu-Mei Hsieh', Shien-Ming Yang?, Feng-Yin Chen?, Hua-Wei Lin?, and Hong-Wen Wu?®
Department of Exercise and Health Science!, Department of Ball Sports?, Department of Physical Education’
National Taiwan College of Physical Education, Taichung, Taiwan

+ Excellent batting ability is one of the most important factors to win the
competition, A variety of batting techniques have been adopted in the course of
a typical game in order to step to first base as quickly as possible. A slap hit is
used only for the left-handed batters who can get a running start before hitting
the ball by using the left-side running slap. The batter is already several steps
closer to the first base. The torso is the kinetic linkage between the upper and
lower limbs, and its sequential motion in batting has been considered to transfer
power and generate synergy between the lower and upper limbs (Morishita,
2010), However, very little research has been conducted to study the twisting
motion of the torso in various batting techniques. Therefore. the purpose of this
study was to compare the difference of the torso twist between the slap and
ordinary hits.

Methods

*

+*

« Ten female left-handed college softball batters participated in this study (age:

19.8+1.0 years: height: 160.7+3.2 em; weight: 58.5+3.4 ke: hitting experience:
7.311.9 years). A VICON 612 motion analysis system with six cameras (250 Hz)
was used to analyze the motion of the players. Surface reflective markers were
placed on selective anatomical landmarks, including the acromion process, the
spinal processe of the 8th thoracic spine and the anterior superior iliac spines.
Each participant performed 3 trials of each hitting technique from a batting tee.

Softball batting consist of a wind-up, swing and follow-through phases (Fig 1).
The swing motion in softball batting was divided into several events, including
start of take back, right toe off, right toe on, swing start, impact and swing end
(Tago, 2010). Slap hits had two additional instants during the wind-up phase, left
toe off and left toe on, to prepare the players with anticipatory minning start.

The torso twist was defined as the angle between the direction of trunk segment
in the frontal plane and the direction of the base toward the pitcher (Morishita,
2010). Positive angle denoted a rotation to right (forward twist) and negative
angle denoted a rotation to left (backward twist), while zero degree meant the
torso was parallel to the direction of the base toward the pitcher. Paired-t test was

used to compare the difference between ordinary hits and slap hits (SPSS, V13.0).

Results

+ Significant differences in torso twist were found at the instants of the start of
take back, right toe off, right toe on, swing start and swing end (p<.05, Fig 2).

+ Slap hits showed less torso backward rotation than the ordinary hit during the
wind-up phase. There was no significant difference at impact.

Discussion

Figure 1: Otrdinary hit (up) and slap hit {down).

& Ondmary —8— Skp

160 -

120

Rioe Off

Take Back Rwe On  Swng Start Inpact Swag End
O Ordiary —@— Skyp
150
120
T
9o
o
-30
60 TakeBack RweON RtoeOn SwieStn  lwpsd  Swig Eod
0+~ Ordusay —@— Shp
120 7 1
L]
%
60
£ Fs
g /i
a8 . .
=
Q
: g @
Toke Hack  ReocOF  RiveOn SwingSwn  lupact  SwigEnd

00

Fig2: Torso twist angles in shoulder girdle (upper), thorax (middle), and pelvis (lower). *
denoted statistical significance (paired-t test, p<0.05).

For upper torso, the slap hit showed less backward rotation than the ordinary hit,
indicating that the slap hit step forward during the wind-up phase would
substantially limit the torso twist backward. The middle and lower torso showed
very similar twisting patterns.

The tendency of geiting greater difference was observed between the upper torso

and lower torso as well as from the early wind-up to late wind-up phases.

At swing start, the lower torso in the slap hit already rotated toward the direction
of pitcher (26" of forward rotation) while the torso maintained a backward
position (22" of backward rotation) in the ordinary hit.

The restricted backward torso twist in the wind-up phase and the incomplete
forward torso twist in the follow-through phase, especially in the upper torso,
may be the cause of the limited bat swing acceleration in the slap hit. This
possible disadvantage should be taken into consideration when the batters using

the slap hit, making the batter much closer to the first base.

Conclusion

Slap hits showed less backward rotation of the torso during wind-up phase

*

while ordinary hits showed more forward rotation of the torso during follow-
through phase. There was no difference between slap and ordinary hits at
impact. This study suggested that torso rotational position at bat-ball contact
was not atfected by various hitting technique. The restricted torso backward
twist in wind-up phase and limited torso forward twist in follow-through phase

should be taken into consideration during the slap hit.
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