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Abstract 

Purpose: In this review, we evaluate the mechanical curveball pitching type and the potential risk of 

injury on pitchers. Proper technique execution of those throwing may help pitchers to develop and 

increase control over ball flight-pattern, speed and accuracy. Several previous studies have argued if 

teaching curveball to young pitchers involves greater injury risk before the age of 13 years old. The 

purpose of this study was to compare the biomechanics between fastball and curveball of young pitchers 

to determine whether curveball pitching is more dangerous and has more risk of injuries than fastball. 

Methods: A thorough literature review was conducted using PubMed, SAGE, and Elsevier. The articles 

were searched from March 25, 2016 back to the earliest available time (1981). The search key-words 

included the terms: fastball and curveball pitching, pitching injuries in baseball, and injury risk in young 

pitchers. Results: This study indicated that curveball increased risk of shoulder and elbow injuries, and 

fastball had more risk than curveball because fastball pitching produced higher elbow extension velocity 

and maximum shoulder internal rotation velocity when it compared to curveball. This review also found 

that curveball has no more injury risk than fastball. Fastball demonstrated higher moments than curveball. 

Conclusions: Curveball produced less elbow proximal force than fastball, and curveball also produce less 

shoulder horizontal adduction torque and shoulder proximal force. 
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1. Introduction

Baseball is a team game in which success is 

determined by the overall strength in batting, pitching, 

and fielding. The defensive nature of the game is 

represented and dominated by the skills of the pitcher. 

The pitcher therefore, either through pitching speed or a 

combination between speed and control of the ball 

(Bahill, Baldwin, & Venkateswaran, 2005), greatly 

influences the result of every game. Correct pitching 

mechanics in fastball and curveball would assist pitcher 

to develop higher control of ball velocity, accuracy, and 

flight pattern (Elliott, Grove, Gibson, & Thurston, 1986).  

Fastball is the most common pitch in baseball, and 

usually performed with a backspin. Most pitchers have 

their own form in their performance. The point axis in 

the fastball in the left side for right handed. Bahill & 

Baldwin (2004) stated that fastball has predominately 

backspin, which provides a lift and decreases the fall due 

to gravity. On the other hand, curveball is a pitch type 

thrown with a characteristic grip and hand movement 

that imprint forward spin to the ball, causing it to dive in 

mailto:fajarawang@gmail.com


Fajar Awang Irawan, Long-Ren Chuang, Hsien-Te Peng, Shih-Kuei Huang / 華人運動生物力學期刊 13(2),55-63 

DOI：10.3966/207332672016121302002 

56 

 

a downward path as it approaches to the plate (Fleisig et 

al., 2006). Curveball’s velocity is as effective as the 

fastball’s movement. Curveball movement can affect the 

ball result, so they can outwit the hitter. Usually the 

curveball’s speed is much slower than fastball.  

Ball’s pattern in curveballs follows a horizontal 

curve and vertical drop. The advantage of the vertical 

drop is that the critical hitting area of the bat is about 

four inches long, but only one inch high (Bahill & 

Karnavas, 1993). Thus, a vertical drop would be more 

effective by taking the ball away from the bat's critical 

hitting area than a horizontal curve (Nissen et al., 2009). 

With the specialization in organized and youth team 

sports, baseball exhibited the first signs of the danger 

associated with injuries by “overuse”. Overuse injuries 

can be classified as: traumatic (acute) or repetitive 

(chronic) injuries (Fleisig, Bolt, Fortenbaugh, Wilk, & 

Andrews, 2011). 

More than 6 million adolescents have been reported 

participating in organized baseball games in the United 

States (Nissen et al., 2009). Shoulder and elbow injuries 

are common problems and can limit participation in 

baseball. This may ultimately impact the player’s daily 

life activities when they grow older. If the injury specific 

mechanisms (shoulder and elbow injuries) during 

pitching can be determined, proper pitching techniques 

can be taught to limit use of potentially harmful 

techniques. Comprehensive three-dimensional (3-D) 

motion analysis is an ideal tool to study in detail the 

biomechanics of the pitching motion (Hurd & Kaufman, 

2012), though is not a perfect tool, but it may be helpful 

to analyze the movement primarily on baseball. 

Acute pain and injury are usually the results of a 

specific impact or traumatic event. Chronic pain from 

repetitive injuries tend to result in faint and complex to 

analyze due unclear and slowly symptoms development. 

What begins as a small, nagging-ache or pain can grow 

into a debilitating injury if it is not recognized and 

treated early. Repetitive injuries are the result of 

repetitive use, stress and trauma to the soft tissues of the 

body (muscles, tendons, bones and joints) with not 

enough time for adequate healing (Fleisig et al., 2011).  

In general, many people think that curveball has 

more injury risk for young pitchers as compared to 

fastball. Curveball pitching motion produce a faster 

elbow rotation than fastball, and it will elevate the pain 

of a pitcher who are not ready when doing pitching.  

Lyman, Fleisig, Andrews, & Osinski, (2002) showed that 

curveball is more dangerous than any others types of 

pitching. They also reported that curveball pitchers are 

52% and 86% more risk of shoulder and elbow pain 

respectively.  

The present article has two aims. By one side, to 

compare the biomechanics between fastball and 

curveball to determine which type of pitching has more 

risk of injury. By the other side, provide 

recommendations to coaches, parents and pitchers 

regarding risk and prevention of injuries due curveball 

and fastball pitching. 

 

2. Methods 

Electronic database (PubMed, SAGE, and Elsevier) 

were searched from March 25, 2016 back to the earliest 

available time (1981) using the words biomechanics, 

baseball pitching, curveball and fastball pitching. 

PubMed provided 5 journal articles for biomechanics 

curveball pitching and 14 articles for biomechanics 

fastball pitching. SAGE search yielded 45 journals for 

biomechanics curveball pitching and 68 articles for 

biomechanics fastball pitching. Science-Direct, 

ELSEVIER search resulted in 38 journals for 

biomechanics curveball pitching and 62 articles for 

biomechanics fastball pitching. The search key-words 

included the terms of fastball and curveball pitching, 

pitching injuries in baseball, and injury risk in young 

pitchers. The articles had to be published as full-length 

reports of original experiments. The reference lists of 

relevant articles were scanned and some additional 

related articles were added to meet the inclusion criteria. 

 

2.1 Performance 

Base on the table 1 from Dun, Loftice, Fleisig, 

Kingsley, & Andrews, (2008), curveball does not 

potentially result in injury. It is also supported by Lyman 

et al., (2001) & (2002) that no significant association 

between pitching a curveball is related to shoulder and 
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elbow injuries. Curveball pitch is not the most harmful 

for collegiate pitchers (Solomito, Garibay, Ounpuu, Tate, 

& Nissen, 2013) and decreased range of motion (ROM) 

of external rotation of the shoulder and increase of 

muscle strength of external rotation of the shoulder 

influence the elbow injury (Harada et al., 2010). Nissen 

et al., (2009) argued that fastball exhibited has higher 

velocity than curveball (fastball speed, 65.8 ± 4.8 mph; 

and curveball speed, 57.7 ± 6.2 mph (p < .001). Maximal 

glenohumeral internal rotation moment for the fastball 

was significantly higher than curveball (59.8 ± 16.5 Nm 

vs 53.9 ± 15.5 Nm; p < .0001) and the maximum varus 

elbow moment for the fastball was also significantly 

higher than curveball (59.6 ± 16.3 Nm vs 54.1 ± 16.1 

Nm; p < .001. That means fastball has more risk of injury 

than curveball. Moreover, Krajnik, Fogarty, Yard, & 

Comstock, (2010) study proposed that the injury rates 

and injury patterns differ between field positions. 

Additionally, Escamilla et al., (1998) indicated that there 

are no differences between kinetics and kinematics 

variables in pitching biomechanics. Fleisig & Andrews, 

(2012) interestingly stated that young pitchers are unable 

to perform curveball before 13 years old. This was 

supported by Davis et al., (2009) that proper pitching 

mechanics may help prevent injury and elevate pitching 

performance to the next level. 

 

2.2 Injury rate between curveball and fastball 

Lyman et al., (2002) stated that injury risk happened 

on the pitchers between 9 and 14 years old (52%) when 

they pitch curveball, and only 5% of them got serious 

arm injury around age of 10 years old (Fleisig et al., 

2011). High elbow flexion and shoulder internal rotation 

are the main risk factor in fastball injuries (Dun et al., 

2008). Better pitching mechanics will produce lower 

internal rotation torque, and also lower elbow valgus 

load (Davis et al., 2009). Primary prevention of injury 

and correct rehabilitation from injury is very important. 

Mandatory pitch counts exhibited significant positive 

results preventing injury for baseball pitchers (Fleisig & 

Andrews, 2012), and should be considered as a 

prevention practice in young baseball leagues and in high 

schools. However, more education for coaches, parents 

and athletes about the risks associated with ball 

trajectory is an unattended issue.   

Several authors (Davis et al., 2009; Dun et al., 2008; 

Grantham et al., 2014; & Lyman et al., 2002) have 

suggested that pitch type (curveball) in adolescent 

pitchers may contribute to an increased risk of shoulder 

and elbow injuries. Fleisig, Andrews, Dillman, & 

Escamilla, (1995) and Lyman et al., (2002) also 

suggested that an increased risk of shoulder and elbow 

pain in adolescent pitchers is associated with pitch types, 

pitch counts, and pitch mechanics. But there is no 

scientific evidence supporting those speculations.  

The late cocking and acceleration phases generate 

the highest segmental velocities and these phases are 

implicated in the majority of pitching injuries. Poor 

pitching mechanics can integrate the effect of repetitive 

stress placed on the soft tissues surrounding the 

scapulothoracis and glenohumeral joint and has been 

implicated as a potential risk factor for injury (Keeley, 

Wicke, Alford, & Oliver, 2010). 

Although these and other studies from Dun et al., 

(2008); Elliott, Grove, Gibson, & Thurston, (1986); 

Fleisig et al., (2006); Grantham et al., (2014); Nissen et 

al., (2009); and Sakurai, Ikegami, Okamoto, Yabe, & 

Toyoshima, (1993) have implied that the throwing of a 

curveball places higher moments on the arm than 

throwing other pitches, to our knowledge, this has not 

been conclusively determined. The current 

recommendations sugges that curveball should be 

avoided before 14 years (Lyman et al., 2002; Petty, 

Andrews, Fleisig, & Cain, 2004). There is need more 

information reporting on the biomechanical differences 

and/or similarities of the adult and adolescent pitching 

motion. Several authors have indicated that pitching 

mechanics, muscular fatigue, pitch type and count are the 

all risk factors for injury for young pitcher (Calabrese, 

2013; Fleisig & Andrews, 2012; Lyman et al., 2002). 

The overuse of the injured arm in young baseball 

primarily affect the pitchers. The repetitive stress of 

throwing can lead to muscle fatigue and then to muscle, 

tendon, and ligament damage. To control the number of 

these injuries, it is critical that coaches, athletes, and 

parents understand the anatomy, biomechanics, and 
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kinetics of throwing a baseball pitch (Fleisig et al., 1995; 

Fleisig, Barrentine, Zheng, Escamilla, & Andrews, 1999; 

Fleisig, 1994; Shitara et al., 2015).  

The most common injuries in baseball pitchers are 

on the dominant shoulder and elbow. Diagnosis and 

management of shoulder pain is a complex and 

challenging effort due the pathologic conditions may be 

interacting. Pathologic conditions that cause pain and 

dysfunction are numerous and often coexist. Keeley et al., 

(2010) also stated that during arm cocking and 

acceleration phases of pitching, the elbow is the subject 

to tremendous valgus and extension loads. Therefore, it 

is not often for the medial and posterior compartments of 

the elbow to be sources of frequent complaints. As in the 

shoulder, these disorders are easier to think of separately. 

They commonly coexist and can be interrelated in 

pathophysiology (Elliott et al., 1986), but there is no data 

showing that curveball is the main factor of shoulder and 

elbow injuries.  

Pitchers who continue to throw when their arm is 

fatigued are at serious risk of possibly cause permanent 

injury to their muscles, ligaments, capsules, labrum, and 

bones (Fleisig, Chu, Weber, & Andrews, 2009). 

According to Dun et al., (2008) fastball showed a greater 

maximum shoulder external rotation. Fastball produced 

the earliest maximum elbow extension velocity and the 

earliest maximum shoulder internal rotation velocity 

(Table 1). Curveball had a later maximum upper trunk 

angular velocity and an earlier maximum shoulder 

internal rotation velocity. The danger of the loads created 

by these breaking pitches is magnified on the preteen 

athlete because the growth plates in the elbow and 

shoulder joints are still open and are therefore more 

susceptible to stress-related injuries (Kocher, Waters, & 

Micheli, 2000). 

 

2.3 Kinematics view 

In total, eight articles fulfilled the inclusion criteria. 

Seven of them are listed in the biomechanical 

comparison between fastball and curveball. Four other 

discussed about differences among fastball, curveball 

and slider in young pitchers. Three similar articles are 

used as a guide in the explanation in table 1 (Dun et al., 

2007; Fleisig et al., 2006; Nissen et al., 2009). 

 

2.3.1 Shoulder 

Description of the shoulder kinematics in the 

fastball and curveball pitching motion performances 

shown that there were only five of the ten articles 

relevant in the biomechanical studies reviewed (Dun et 

al., 2008; Escamilla et al., 1998; Fleisig et al., 1999; 

Fortenbaugh, Fleisig, Chu, & Andrews, 2009; Krajnik et 

al., 2010). Two studies found that there was no difference 

between fastball and curveball at shoulder abduction, 

horizontal adduction and external rotation in the 

collegiate athletes (Fleisig et al., 2006; Lyman et al., 

2001) and two other studies found that there were no 

clear distinction horizontal adduction at arm cocking and 

ball release but they found greater shoulder abduction at 

arm acceleration (table 2) and ball release in curveball 

(Barrentine, Matsuo, Escamilla, Fleisig, & Andrews, 

1998; Escamilla et al., 1998). 

 

2.3.2 Elbow 

Four studies shown that there were no significant 

differences between curveball and fastball at elbow 

kinematics in collegiate pitchers (Escamilla et al., 1998; 

Fleisig et al., 2006; Glousman, Barron, Jobe, Perry, & 

Pink, 1992; Sakurai et al., 1993) and less overall arc of 

curveball pitching motion was demonstrated in high 

school pitchers (Nissen et al., 2009). Fastball had the 

greatest elbow flexion torque and highest value of elbow 

extension at acceleration phase but less extension 

velocity in young pitchers when compared with curveball 

(table 2), but it was different story in the elbow flexion 

because fastball and curveball in the arm cocking was 

similar (Dun et al., 2008). 

 

2.3.3 Forearm 

The greater supination was found in five of eight 

pitching biomechanical studies at the forearm position in 

fastball and curveball at the arm cocking and 

acceleration phases (Barrentine et al., 1998; Dun et al., 

2008; Nissen et al., 2009; Sakurai et al., 1993; Sisto, 

Jobe, Moynes, & Antonelli, 1987). Forearm supination 

was noted by Elliott et al., (1986) that the greater part of 
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biomechanical curveball pitching but did not represent 

the differences between fastball and curveball. Sisto et al., 

(1987) stated that there was no significant difference 

between the fastball and the curveball in the 

flexor-pronator group in any phase. The result can not 

substantiate that medial elbow problems were the result 

of an increase in the use of flexor muscles during the 

curveball pitch (Table 2). In the acceleration phase, 

pronator teres activation decreased to 47%, in the 

maximum muscle strength test (Sisto et al., 1987). 

2.3.4 Wrist 

The first researcher who reported about the greater 

wrist flexion, ulnar deviation, and angular velocity in 

curveball was Elliott et al., (1986). His results explained 

how the pitcher can release the ball in the curve way with 

an appropriate and necessary spin. Five studies 

(Barrentine et al., 1998; Dun et al., 2008; Fleisig, 

Andrews, et al., 2011; Nissen et al., 2009; Sakurai et al., 

1993) proven that there was less wrist extension ranging 

from 6 to 13 degrees. However, four of them did not 

show any significant differences at ulnar deviation in the 

arm cocking. Ulnar deviation of the wrist at the ball 

release and maximal internal rotation was slightly greater. 

The differences have been found at the wrist when ball is 

released with radioulnar range of motion in 17° and ulnar 

angular velocity at 360 deg/s in curveball (table 2) but 

for fastball the wrist exhibited a radioulnar range of 

motion of 14° and ulnar angular velocity 154 deg/s 

(Nissen et al., 2009). 

 

 

Table 1. Biomechanical studies that curveball do not have the potential risk of injury 

Data 

Collection 

Period 

Level of 

Competition 
Injury Rate Elbow Injury Shoulder Injury Reason Study 

2007 - 2008 Youth -  

Elbow varus torque 

and elbow proximal 

fo r c e  i n  f a s t ba l l 

produce the greatest 

value than curveball 

Shoulder horizontal 

a d d u c t i o n  a n d 

shoulder adduction 

torque were lower in 

curveball than fastball 

Torques in curveball 

p i t c h  d o e s  n o t 

potentially harmful 

because the value is 

lower than fastball 

Dun et al., 

(2007)
 

1999 - 2008 Youth 

Pitching more than 

100 innings in year 

significantly increases 

the ri sk  of injury 

Curveball produced 

less elbow proximal 

force than fastball 

Curveball produce 

l e s s  s h o u l d e r 

horizontal adduction 

torque and shoulder 

p r o x i m a l  f o r c e  

Pitchers unable to 

demonstrate curveball 

before 13 years old to 

prepa re the ba sic 

pitching mechanics 

a n d  t o  e l e v a t e 

pitching performance 

to the next  l evel. 

Fleisig et al., 

(2006)
 

2007 - 2013 Adolescent 

T h e  c u r v e b a l l 

mechanics is not the 

cause of the rising 

incidence of injuries 

E l b o w  r a n g e  o f 

motion slightly higher 

fo r  f a s t ba l l  t ha n 

c u r v e b a l l 

-  

Fastball demonstrated 

higher moments than 

c u r v e b a l l  a n d 

possibly create higher 

for ce  in  p i t chi ng 

Nissen et al., 

(2009)
 

2012 – 2013 College 

Breaking pitches may 

not be as detrimental 

to a  col l ege -a ged 

p i t c h e r 

Fastball produce the 

greatest moments on 

the college pitcher’s 

glenohu mera l a nd 

e l b o w  j o i n t . 

-  

Curveball produce 

lower  moments in 

g lenohu mera l a nd 

elbow joint, that’s 

why curveball not the 

most harmful pitch 

for collegiate pitchers 

Solomito et 

al., (2013)
 

2001 – 2006 Youth 

P i t c h e r s  h a d  a 

4 . 5 - f o l d  h i g h e r 

incidence of elbow 

i n j u r i e s  t h a n 

n o n - p i t c h e r s , 

s u g g e s t i n g  t h a t 

pitching is a strong 

r i s k  f a c t o r . 

Risk factors for elbow 

i nju r i e s a r e  a g e, 

height, pitcher, days 

o f  t r a i n i n g,  gr ip 

strength,  range of 

motion of external 

rotation and muscle 

s t r e n g t h  o f  t h e 

s h o u l d e r . 

-  

Decrease of the range 

o f m ot io n  in  t he 

external rotation of 

t h e  s h o u l d e r  i n 

curveball reduce the 

e l b o w  i n j u r i e s . 

Harada et al., 

(2010)
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Table 2. Kinematics view between curveball and fastball pitching 

 Curveball Fastball Study 

Shoulder 
Shoulder abduction in arm acceleration and 

ball release was greater than fastball 

Shoulder horizontal adduction and external 

rotation in collegiate pitchers were no 

different between fastball and curveball 

Barrentine et al, 

(1998) & Escamilla et 

al., (1998) 

Elbow  

Curveball has higher extension velocity in 

young pitchers but elbow flexion in arm 

cocking was similar between fastball and 

curveball 

Fastball had the greater elbow flexion torque 

and highest value of elbow extension at 

acceleration phase than curveball 

Dun et al, (2008) 

Forearm  

Increase of forearm flexor in curveball was not 

influenced by medial elbow problem as in 

fastball 

There was no significant difference between 

the fast ball and the curve ball in the 

flexor-pronator group in any phase. 

Sisto et al, (1987) 

Wrist  
Radioulnar range of motion and ulnar angular 

velocity in curveball were 17
0 
and 360 deg/s 

Radioulnar range of motion and ulnar 

angular velocity in fastball were 14
0 
and 154 

deg/s 

Nissen et al, (2009) 

 

3. Limitations and recommendations 

Identifying the cause requires a thorough history, 

physical examination and appropriate radiologic work-up. 

Commonly injured structures include the rotator cuff, 

glenoid labrum, glenohumeral ligaments, and biceps 

anchor (Escamilla et al., 2007; Rizio & Uribe, 2001). 

The excessive forces generated during throwing can 

exceed the compressive, tensile, and challenge the limits 

of these structures, ultimately leading to tissue failure 

(Rizio & Uribe, 2001). 

Four potential risk factors have been identified for 

pitching injury in youth baseball (Petty et al., 2004): (1) 

number of pitches (during a game, season, and year), (2) 

type of pitches (e.g. curveball), (3) pitching mechanics, 

and (4) physical condition.  

Based on the USA Baseball Guidelines 2006, youth 

pitchers (13 to 14 years old) could only pitch 75 times 

per game, and from the Little Leagues Baseball 

Regulations of 2010 youth pitchers could pitch 95 times 

per day. For pitchers from 17 to 18 years old they could 

pitch up to 105 times per day. Pitchers from 13 to 18 

years old could pitch 100 times combined innings per 

year at least 4 months, with at least 2 to 3 months of 

sustainable (Fazarale, Magnussen, Pedroza, & Kaeding, 

2012). 

The National Athletic Trainers' Association 

recommended the following limits to reduce the number 

of pitching injuries in youth baseball. Pitchers from 9 to 

14 years old: 75 pitches per game, 600 pitches per season, 

and 2000 to 3000 per year.  Pitchers between 15 and 18 

years of age: no more pitching than 90 pitches per game, 

and no more than 2 games per week (Fazarale et al., 

2012).  

USA Baseball has made recommendations 

regarding to the pitching types, specifically no curveballs 

before the age of 14 years during a youth baseball game 

(Axe, Windley, & Snyder-Mackler, 2002). Overuse is to 

be blamed for arm injuries among young baseball 

pitchers, but throwing curveball at an early age still 

increases the risk of injury. However, Fleisig et al., (2011) 

stated that curveball usage before age of 13 years old is 

not directly linked with the elevation of the injuries risk 

by Grantham et al., (2014) which is young pitchers could 

not pitch curveball when they are 10 to 13 years old. 

These recommendations also included limits in the 

overall number of pitches that should be thrown in a 

game, a week, and in a season (Nissen et al., 2009). In 

this study, the author assumed that over use of the 

curveball pitching at an early age might be related to 

Ulnar Collateral Ligament injuries.   

Parents also need to understand if their child plays 

on multiple teams, there may be little or no 

communication between coaches, and it may be up to 

them to keep track of their child's pitch counts and days 

off.  Otherwise, their child may be at risk of an overuse 

injury to their elbow or shoulder that may require surgery. 

During the course of their participation in a game, 

pitcher’s body and specifically the dominant arm is 

subject to significant forces. Particularly, shoulder and 

elbow injuries are often a common problem for pitchers 
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of all ages. 

A recent study of young baseball pitchers found that 

elbow pain was associated with age, weight, height, 

number of pitches thrown during a season, satisfaction 

with performance, fatigue, and playing outside of the 

league. Shoulder pain was associated with pitches 

thrown in a season, pitches thrown in a game, and fatigue 

(Lyman et al., 2001, & 2002). 

Given the important investigation in pitching 

mechanics on pitchers, this study only focus on 

biomechanics between curveball and fastball pitching 

types especially in injury risk. There was no detailed 

information about total injuries, historical injury, and 

surgery. 

4. Conclusion 

Curveball it seems to be not more dangerous than 

fastball. It also answers the main research question that 

curveball has no more risk of injury than fastball. In 

general, fastball demonstrated higher moments than 

curveball. Curveball produced less elbow proximal force 

than fastball and also produced less shoulder horizontal 

adduction torque and shoulder proximal force. Overall, 

the range of motion in fastball movement was higher 

than curveball, implying that fastball is more likely to 

generate injury risk than curveball. The best way for a 

pitcher to prevent these type of injury is not only to 

refrain himself from doing curveball before 13 years old, 

but also to not overload their pitching capacities using 

either types of pitching.  

Education can reduce the number of injuries to 

young pitchers and should be scientific based, to 

effectively provide guidelines on pitch types, pitch 

counts, pitching mechanics, historical injury, and 

physical conditioning. Further research is needed to 

determine the correlation between pitching types, fatigue 

in young pitchers, and the rate of injury. 
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