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Abstract 

Purpose: Previous baseball pitching studies have compared kinematics parameters among fastball, 

curveball, and slider, but did not indicate more stressful for collegiate pitchers. The purpose of this study 

was to compare kinematics data of upper extremity among fastball, curveball, and slider potentially 

dangerous. Methods: Twenty-four collegiate baseball pitchers volunteered in this study. After signed 

informed consent and placed forty-eight reflective markers on head, upper extremities and lower extremities, 

participant threw in a total of fifteen fastball, curveball, and slider randomly from pitcher plate marker to 

the target five meter away. Repeated measurement ANOVA was used to test differences of kinematic 

parameters among fastball, curveball, and slider. Results: Eleven of twenty-two parameters showed 

significant differences. Another eleven parameters at foot contact, arm cocking, arm acceleration, and ball 

release displayed no significant differences based on kinematics comparison. Overall, kinematics analysis 

among fastball, curveball, and slider did not exhibited significant differences. Ball speed at fastball was 

faster compared to curveball and slider. Fastball was also dominant at foot contact and arm acceleration, 

while curveball take over domination in ball release at arm deceleration phases compared to fastball and 

slider. Conclusions: Understanding of kinematic differences can help pitcher to select and learn different 

pitches. Pitcher should master the basic mechanics before he goes to the next level. This information may be 

used as guidelines to the coaches and pitchers to improve performance and injury prevention. 
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1. Introduction

Pitching in baseball is one of the most complex 

motion than others. During pitching, pitcher has a series 

activity in his performance and each frame has 

differences. To understand this skill, more information 

about shoulder, elbow, forearm, and wrist of pitching is 

essential. Correct movement especially in the pitching 

technique can give the best result in every performance. 

Pitchers has many complexities different in the data 

collection. Some differences come from the 

anthropometric data, pitcher’s level, pitching styles, 

motion analyses, and equipment used (ground, 

experiment room, and software application). Upper 

extremity has important role at the time of the pitching, 

while the lower extremity serves to balance the body and 

sustain movement when pitching. Shoulder, elbow, wrist, 

and fingers are the important parts in upper extremity to 

explain differences of personal pitching style (Seroyer et 

al., 2009). Many kinetics and kinematics data are 
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available and documented. Elliott, Grove, Gibson, & 

Thurston, (1986) published the first biomechanical study 

comparing fastball and curveball kinematics. Elliott 

focuses on forearm action prior to release, and wrist 

action at release between fastball and curveball. They 

found that the actions were similar for two pitches, but 

no data about slider was collected. Barrentine, Matsuo, 

Escamilla, Fleisig, & Andrews, (1998) compared 

kinematics data of the wrist and forearm for the fastball, 

curveball, and change-up. This comparison found that 

wrist extension for fastball and change-up pitches was 

greater than curveball, and forearm supination was 

greater for change-up than other pitches. Limitations in 

the pitching types about kinematics data that have not 

been revealed especially on the slider will be completed 

in the current study. Escamilla, Fleisig, Barrentine, 

Zheng, & Andrews, (1998) compared kinematics data on 

fastball, change-up, curveball, and slider pitches among 

collegiate pitchers. The result found during the arm 

cocking and arm acceleration phases that peak shoulder 

and elbow were generally greater in fastball and slider. 

Curveball data on twenty-six collegiate pitchers were not 

shown.  

Proper biomechanics for adult pitchers was used to 

minimize the risk of injury and maximize performance. 

The greater shoulder and elbow activities produce the 

greater angles during arm cocking and arm acceleration 

(Fleisig, Barrentine, Zheng, Escamilla, & Andrews, 

1999). Since adult pitchers did not demonstrate different 

position or temporal pattern, increase in joint forces and 

torques were most likely due to increased strength and 

muscle mass in higher level. Fleisig et al., (2006) also 

discussed about curveball, slider, and change-up were 

more dangerous than fastball. The result found 

kinematics differences between fastball and curveball 

especially in shoulder and elbow data, but slider was 

inconclusive because of small sample size. In current 

study, these findings can be revealed in deep to 

complement previous Fleisig’s studies. 

In another study, increased pitch counts have been 

linked to increased complaints of shoulder and elbow 

pain in youth pitchers. The result found that 169 youth 

pitchers with better pitching mechanics may help prevent 

shoulder and elbow injury in youth pitchers (Davis et al., 

2009). Grantham, Byram, Meadows, & Ahmad, (2014) 

stated that shoulder external rotation was the most 

sensitive kinematic parameters in fatigue. Grantham, 

Iyengar, Byram, & Ahmad, (2015) also stated that 

overuse and poor throwing mechanics were contributor 

in pitcher injuries. The purpose of this study was to 

compare kinematics data of upper extremity on fastball, 

curveball, and slider potentially dangerous or injuries. 

 

2. Methods 

Twenty-four collegiate baseball pitchers from 

division I (12 pitchers) and division III (12 pitchers) with 

a mean age of 19.72 (18 - 24 years old) volunteered in 

this study. All participants were familiar and had a basic 

of fastball, curveball, and slider pitches. All participants 

were in healthy condition, no injury or recovering from 

an injury at the time of testing. The participants had a 

mean age 19.72 ± 1.5 years, mean height 178.3 ± 7.3 cm, 

and mean mass 74.9 ± 14.3 kg. Each participant signed 

an informed consent and were placed forty-eight markers 

on head, upper extremities and lower extremities. But 

four markers in right medial knee, left media knee, right 

medial ankle and left medial ankle will be removed after 

static posture. Pitching test was held in indoor laboratory 

with flat ground. The target was located five meters away 

from the pitching marker on standing position. 

Participant then was asked to throw in a total of fifteen 

fastball, curveball, and slider randomly from pitcher’s 

plate marker. Eleven cameras (Eagle system, Motion 

Analysis Corporation, Santa Rosa, CA) with sampling 

rate 200Hz and 1000Hz shutter speed was used. After 

tracking the data, each of the XYZ time series for the 

markers position data were filtered using a fourth-order 

Butterworth low-pass filter with a cut-off frequency of 

13.4 Hz (Fleisig et al., 1999). Kinematic parameter was 

calculated with Motion Monitor to compute the 

musculoskeletal human models using motion-capture 

data (Fleisig & Escamilla, 1996; Stodden, Fleisig, 

McLean, Lyman, & Andrews, 2001; Nakamura, Yamane, 

Fujita, & Suzuki, 2005).  

Data collection and analyses consisted of procedure 

similar to that used in previous studies (Fleisig, Andrews, 
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Dillman, & Escamilla, 1995; Fleisig & Escamilla, 1996), 

with some modifications to show more detail information 

in the shoulder, elbow, wrist and forearm. Forty-four 

reflective markers were placed bilaterally at bonny 

landmarks of the participants and four temporary 

markers will be removed after static posture data 

collection. Three markers placed on the head (two in the 

left and right front head, and one in the back head), four 

markers placed on the torso (7
th

 cervical vertebrae, 12
th
 

thoracic vertebrae, clavicula, and sternum), fourteen 

markers placed on the right and left arm (right 

acromioclavicular, right coracoid process, right acromial 

angles, three markers in the right upper arm, right elbow, 

three markers in the right forearm, two markers in the 

wrist, base knuckle 2
nd

 finger, base knuckle 5
th

 finger, 

left shoulder, left upper arm, left elbow, left forearm, two 

markers in the left wrist), five markers placed on the 

pelvis (right anterior superior iliac spine, left anterior 

superior iliac spine, right posterior superior iliac spine, 

left posterior iliac spine, and sacrum), and sixteen 

markers placed on the leg (right thigh, right knee, right 

shank, right ankle, right heel, right toe, left thigh, left 

knee, left shank, left ankle, left heel, left toe, right medial 

knee, left medial knee, right medial ankle, left medial 

ankle).  

Five tests were collected for each of three pitches 

variations. Participant threw regularly same as in practice 

and competition. The order of pitch was randomized for 

each participant. There was a brief rest approximately 

fifteen seconds between pitches, and the fastest and 

correct pitch was analyzed. Sakurai (2000) used 

calculations based on vectors determined from marker 

locations, while in the current study used calculations 

based on vectors determined from joint center locations 

estimated from marker locations. Ball velocity was 

recorded using a radar gun (Stalker Radar, Plano, Texas, 

USA). Descriptive data are presented as means ± 

standard deviation. Repeated measurement ANOVA was 

used to test the effects of pitching phases among fastball, 

curveball, and slider. The significance level was set at p 

< .05. All data were analyzed using SPSS Statistics 22 

software (IBM Corporation, Chicago, IL). 

 

3. Results 

Current study result show eleven of twenty-two 

parameters showed significant difference among pitch 

types (Table 1). Elbow extension and shoulder external 

rotation at foot contact were significant differences. 

Maximal elbow extension, maximal shoulder external 

rotation, and maximal forearm rotation showed 

significant differences at arm cocking. Parameters at arm 

acceleration also has significant differences on shoulder 

external rotation, forearm supination, and wrist extension. 

Two parameters on elbow extension and forearm 

supination at ball release in arm deceleration phase 

revealed significant differences. Another kinematic 

parameter was significant showed at ball speed. Eleven 

other parameters at foot contact, arm cocking, arm 

acceleration, and ball release in arm deceleration 

displayed no significant differences based on kinematics 

parameters. 

 

4. Discussion  

Ball speed in this study showed that fastball was the 

fastest than curveball and slider pitches. Our finding has 

been supported Barrentine, Matsuo, Escamilla, Fleisig, & 

Andrews, (1998) and Fleisig et al., (2006) that ball 

velocity at fastball still on the top, and curveball was the 

slowest than other pitches. The maximum average of ball 

speed among fastball, curveball, and slider were not 

maximal. Previous studies found 122 km/h (34m/s) in 

Barrentine et al., (1998) and 126 km/h (35m/s) in Fleisig 

et al., (2006), but current study only showed 104 km/h in 

top speed. The short distance, flat ground, and limited 

space in indoor laboratory may affect the results of this 

study. Differences among equipment, place, design, 

procedure also cause the different result in each study. 

However, comparison among pitch types appear to 

depend on the segment of the body parameters. Fastball 

and curveball pitches appear to have kinematic 

similarities at the shoulder and elbow but different at the 

wrist and forearm.  

Fastball has a greater kinematics parameter at 

shoulder external rotation in foot contact compared to 

curveball and slider. Meanwhile, elbow extension in 

curveball was greater than fastball and slider. This
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Table 1. Kinematics differences among fastball, curveball, and slider 

Parameters Fastball 

(n = 24) 

Curveball 

(n = 24) 

Slider  

(n = 24) 

F- 

value 

Compared test 

Ball Speed (Km/h) 104.46 ± 9.55  82.92 ± 8.56  87.17 ± 8.22 .000* F>C, F>S, S>C 

Foot contact      

Wrist extension (°)   32.5 ± 1.3   25.9 ± 2.2   30.2 ± 1.9 .762  

Elbow extension (°)   73.5 ± 12.5   95.7 ± 15.7   81.1 ± 12.5 .002* F<C, F<S, S<C 

Shoulder external rotation (°)   46.9 ± 8.3   40.6 ± 5.3   26.9 ± 10.9 .000* F>C, F>S, S<C 

Forearm pronation (°)   22.6 ± 9.8   29.5 ± 7.0   24.8 ± 9.5 .064 - 

Arm cocking      

Maximal wrist extension (°)   34.5 ± 1.3   29.3 ± 2.2   33.6 ± 1.8 .231 - 

Maximal elbow extension (°)  131.7 ± 10.5  125.8 ± 9.1  118.5 ± 12.5 .001* F>C, F>S, S<C 

Maximal shoulder horizontal adduction (°)   46.2 ± 16.5   47.7 ± 14.3   45.4 ± 11.4 .075 - 

Maximal shoulder external rotation (°)  107.0 ± 8.3  102.0 ± 6.6   99.4 ± 6.7 .000* F>C, F>S, S<C 

Maximal forearm supination (°)  109.8 ± 22.9   70.4 ± 16.2   50.8 ± 9.2 .000* F>C, F>S, S<C 

Arm acceleration       

Shoulder external rotation (°)   95.1 ± 8.3   94.3 ± 6.4   88.8 ± 6.8 .049* F>C, F>S, S<C 

Forearm supination (°)   56.6 ± 23.1   48.4 ± 16.2   43.2 ± 9.7 .038* F>C, F>S, S<C 

Wrist extension (°)   22.6 ± 2.9   16.8 ± 4.2   14.3 ± 3.9 .000* F>C, F>S, S<C 

Elbow extension (°)  106.6 ± 10.3  112.4 ± 8.9  100.8 ± 10.8  .147 - 

Ball release      

Elbow extension (°)   74.3 ± 31.8   72.9 ± 28.4   60.3 ± 23.2 .042* F>C, F>S, S<C 

Shoulder external rotation (°)   83.0 ± 15.1   85.9 ± 9.3   81.7 ± 7.9 .571 - 

Shoulder abduction (°)   51.2 ± 23.4   52.7 ± 21.9   52.8 ± 20.2 .950 - 

Shoulder horizontal adduction (°)   41.4 ± 12.4    45.5 ± 11.7   42.3 ± 12.8 .385 - 

Forearm supination (°)   35.4 ± 31.8   56.6 ± 34.4   12.2 ± 10.9 .000* F<C, F>S, S<C 

Wrist extension (°)    1.8 ± 5.0    3.2 ± 3.6    3.7 ± 1.0 .667 - 

Forward trunk tilt (°)   34.0 ± 10.6    37.0 ± 11.8   35.0 ± 10.4 .566 - 

Lateral trunk tilt (°)   28.6 ± 11.2    29.0 ± 11.3   26.0 ± 10.6 .756 - 

Data are means ± SDs. 

F= Fastball, C= Curveball, S= Slider, n= total subject. 

* Significant difference at p < .05 

 

 

 

Figure 1. Pitching phases: wind-up, stride, arm cocking, arm acceleration, arm deceleration, and follow-through. 
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current study supported by Fleisig, Barrentine, Zheng, 

Escamilla, & Andrews, (1999) that the greater 

shoulder and elbow activities also produced greater 

angles during arm cocking and arm acceleration 

phases. Escamilla et al., (1998) in kinematics study 

found that during arm cocking and arm acceleration 

phases the peak of shoulder and elbow activities were 

greater in fastball and slider compared to curveball. 

Kinematics parameters in current study showed that 

maximal elbow extension at fastball was greater than 

curveball and slider in arm cocking. Maximal 

shoulder external rotation and maximal forearm 

supination were also dominant in fastball compared 

to curveball and slider pitches. There was no forearm 

data in Escamilla study can be compared to current 

study. At the arm cocking phase, forearm supination 

has been supported the segments of elbow flexion 

and shoulder external rotation at foot contact in the 

end of stride phase (Figure 1). Support continues to 

the maximal wrist extension, maximal shoulder 

horizontal adduction, and maximal shoulder external 

rotation to the arm cocking phase. Maximal external 

rotation has important part to elevate all parameters 

in each phase until ball release. 

Wrist extension slightly greater in fastball 

compared to curveball and slider in arm cocking and 

arm acceleration phases. Similar information also 

found that ulnar deviation of the wrist activity at arm 

acceleration was slightly greater in fastball compare 

to another pitches (Irawan, Chuang, Peng, & Huang, 

2016). However, the inclusion of wrist biomechanics 

is important for the current study because of 

differences between wrist and forearm kinematics 

among pitch types previously documented by Sakurai 

et al., (1993).  

Shoulder external rotation, forearm supination, 

and wrist extension at arm acceleration phases were 

significant differences. Fastball and curveball were 

greater compared to slider in shoulder external 

rotation. Fastball also dominated the forearm 

supination in this phase compared to curveball and 

slider. Previous study Fleisig et al., (2006) also found 

that fastball take over and dominate the pitching 

motion compared to curveball and slider. Proper 

biomechanics pitching was discussed in Davis et al., 

(2009) and Grantham et al., (2015) studies to predict 

injury risk. Youth pitchers was used to evidenced 

pitching mechanics linked to increased complaints of 

shoulder and elbow injuries (Davis et al., 2009). 

Those studies supported current study that increased 

kinematics parameter might be proven to increasing 

the risk of injury. Interpreting data by analyzing 

functional anatomy can be more useful to detecting 

early potential injuries. Current result can be 

supposition that greater shoulder external rotation and 

elbow extension may cause possibilities of increased 

the risk of injury. Harada et al., (2010) suggested that 

decrease of range of motion at external rotation in 

shoulder and increased of muscle strength in external 

and internal rotation predispose elbow injuries. 

Kinematics data of those several possibilities above 

were presented in this current study (Table 1).  

Elbow extension and forearm supination in ball 

release were significant differences. Although fastball 

was greater than curveball and slider in elbow 

extension, curveball was dominant in forearm 

supination at arm deceleration phase. Forearm started 

more supinate and remained more pronate during 

throwing curveball compared to fastball. Most of 

fastball will supinate even in small value and 

curveball will supinate in high intensity. Barrentine et 

al., (1998) found that result of forearm supination in 

fastball and slider were similar. That study also 

mentioned some pitcher will get injured when doing 

breaking ball (curveball) at high intensity. 

Relation between each segment will elevate the 

best action inter muscle. The greater shoulder 

external rotation and elbow extension can be factor in 

increased of pain and injury. Increased of pitch 

counts have been linked to increased complaints of 

shoulder and elbow pain in pitchers. Davis et al., 

(2009) found 169 pitchers with better pitching 

mechanics can help to prevent shoulder and elbow 

injuries in pitchers. Any increased potential for elbow 

problems with the curveball pitch may be related to 

the position of the forearm at the time of the peak 
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loads (Barrentine et al., 1998). The greater amount of 

supination during pitching may influence the ability 

of the elbow to accommodate the repetitive load. 

Ebben, Fotsch, & Hartz, (2006) stated that during 

curveball pitch, rapid ulnar deviation occurred 

simultaneously with wrist flexion while the forearm 

was in a more supinated position. Result of that 

previous study support the current study that wrist 

extension slightly greater in fastball compared to 

curveball and slider.  

A common problem of unsuccessful pitching is 

having different pitcher's mechanic among pitch 

types they had, which allows batters can recognize 

pitch type early to hit the ball. Pitcher have to know 

the shortcomings he has, then he should immediately 

improve his performance. The basis to improving 

appearance by performing correct movements 

especially in the upper extremity. If pitcher can take 

control the basic motion, he can elevate the skills to 

the next level.  

 

5. Conclusion 

Conclusion of this study that ball speed at 

fastball was faster compared to curveball and slider. 

Fastball was also dominant at foot contact and arm 

acceleration, while curveball take over domination in 

ball release at arm deceleration phases compared to 

fastball and slider. In another word, curveball has 

more injury risk than fastball and slider in arm 

deceleration phase. Increased kinematics parameter 

might be proven to increasing of pain and injury risk. 

Data interpretation by analyzing functional anatomy 

can be more useful to early detection of baseball 

pitching injuries. Limitation of current study was 

taken in indoor laboratory with short distance, flat 

ground, and limited space which possibility did not 

give maximum result in the pitching performance. 

Further studies are needed to complement the 

limitation in this study. 

Understanding of kinematic differences can help 

pitcher to select and learn different pitches. Pitcher 

should master the basic mechanics. Strong 

fundamental is an important key to success for 

baseball pitcher to get to the next level. Pitcher also 

need to practice good form and attempt to duplicate 

the proper mechanics for each and every pitch. Coach 

will monitor every form and mechanics for any 

problems. The earlier a problem or inconstancy is 

identified then the quicker it can be remedied. This 

information may be used as guidelines to the coaches 

and pitchers to improve performance and injury 

prevention. 
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