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Background  
Baseball players are aware of the potential of shoulder problems due to repetitive 
throwing. However, few studies have examined how pitching repeatedly affects the 
thoracic spine and shoulder. 

Purpose  
This study aimed to determine the effects of pitching repeatedly on the endurance of 
trunk muscles and kinematics of the thoracic spine and shoulder. 

Study design   
Cohort study 

Methods  
Trunk muscle endurance was assessed in flexion, extension, and lateral flexion positions 
in 12 healthy amateur baseball players. The positions of stride foot contact (SFC) during 
the early cocking phase and maximal shoulder external rotation (MER) during the late 
cocking phase were used to compute the thoracic and shoulder kinematics in degrees. 
Participants were then asked to throw 135 fastballs (~9 innings with 15 throws per 
inning). Throwing motions were monitored throughout the first, seventh, eighth, and 
nine innings, whereas trunk muscular endurance was assessed before and after the 
repetitive throwing activity. Ball speed during pitching was measured using a radar gun. 
All outcome measures were statistically compared to examine differences over time. 

Results  
The trunk muscle endurance declined after the throwing task. In the eighth inning, 
compared with the first inning, the thoracic rotation angle at the SFC increased toward 
the throwing side. In contrast, the shoulder horizontal adduction angle at MER decreased 
in the seventh and ninth innings. 

Conclusion  
With repeated pitching, trunk muscle endurance gradually declines, and repetitive 
throwing significantly altered kinematics of the thoracic rotation at SFC and shoulder 
horizontal plane at MER. 
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Level of Evidence    
2a 

INTRODUCTION 

Baseball is one of the most popular sports in Japan, and on 
average, shoulder injuries occur in baseball players at a rate 
of 13%–35%.1–4 Additionally, it is difficult for an athlete to 
recover from a shoulder injury and resume their preinjury 
performance levels. After undergoing surgery for intrinsic 
shoulder impingement, Peduzzi et al.5 evaluated the effects 
of getting back into sports. However, 120 of 135 patients 
(90%) who underwent surgery returned to their athletic ac
tivities thereafter, with 52% engaging in the same sports at 
the same level. Only 48% of pitchers who received surgi
cal therapy for superior labral lesions could resume play
ing, according to Fedoriw et al.,6 and only 7% of partici
pants maintained their performance level. Considering all 
these factors, it is important to investigate the risk fac
tors for shoulder injuries, as these are often multifactor
ial.3,7,8 Among them, repetitive throwing has recently been 
in focus.3,9 In 2014, the Major League Baseball published 
the Pitch Smart guidelines.10 These guidelines include spe
cific pitch count limits, such as 120 pitches per day for 
athletes aged 19–22 years. Additionally, Murray et al.11 

showed that the maximum shoulder external rotation angle 
during pitching decreased because of repetitive throwing. 
Chou et al.12 found that after 100 repeated tosses by high 
school baseball pitchers, their shoulder horizontal adduc
tion angles at their maximum shoulder external rotation 
positions (MER) increased. Escamilla et al.13 reported that 
shoulder kinematics did not change after 105–135 pitches. 
According to these studies, there is no agreement on how 
repetitive throwing alters the shoulder’s kinematics. Few 
studies have examined how the shoulder kinematics change 
with repeated throwing; therefore, further research is re
quired. 

When someone pitches, motion and energy are trans
ferred from the lower extremities to the upper extremity 
in what is known as a kinetic chain.14 For the upper ex
tremities to move smoothly and stay injury-free, the tho
racic spine, which sits between the lower and upper ex
tremities, must be controlled, which requires strong trunk 
muscles.15 Aguinaldo et al.16 investigated the connection 
between pitching-related thoracic movement and shoulder 
joint strain. In the early cocking phase, Aguinaldo et al.16 

suggested that early thoracic rotation enhanced shoulder 
rotational force and speculated that early thoracic rotation 
may contribute to throwing-related overuse injuries. Fur
thermore, according to Douoguih et al.,17 early thoracic 
rotation during the early cocking phase was linked to a 
noticeably increased risk of upper extremity injuries that 
required surgery. 

Although thoracic movement control is essential to pre
vent shoulder injury, changes in thoracic kinematics occur 
during pitching. Therefore, all adverse effects of recurrent 
throwing on trunk muscle function should be examined. 

This study aimed to determine the effects of pitching re
peatedly on the endurance of trunk muscles and kinematics 

of the thoracic spine and shoulder. After repeated tossing, 
hypothesized that the trunk muscular function would de
cline and the throwing action would change. 

MATERIALS AND METHODS 
PARTICIPANTS 

Twelve healthy male recreational baseball players were re
cruited to participate in this study. Players who had pre
viously injured upper or lower extremities injuries or who 
had shoulder pain at the time of testing were excluded. The 
study protocol was approved by the Research Ethics Com
mittee. Informed consent was obtained from all the partic
ipants. 

EXPERIMENTAL PROTOCOL 

The repetitive throwing task and measurement protocol 
are shown in Figure 1. The repetitive throwing task was 
based on the reports of Dale et al.18 and Yanagisawa and 
Taniguchi.19 All participants were allowed five minutes to 
warm up and stretch using their preferred routine before 
the repetitive throwing task (i.e., shoulder and trunk 
stretching and plyometrics). Next, they threw 135 fastballs 
(~9 innings with 15 throws per inning at ball intervals of 15 
seconds) at maximum effort from the set position toward 
the target. The distance between the pivot foot of the par
ticipants and the target was set at 3 m, and the size of the 
target was 1.1 × 1.1 m. The target was placed on the exten
sion line of the force plate that was used during 3D motion 
capture (Figure 2). An official baseball (ZETT Corporation, 
Osaka, Japan) that weighed 145.0–147.0 g was used during 
the repetitive throwing task. Five minutes were provided as 
rest time between each inning. 

Before and following the repetitive throwing motion, 
trunk muscular function was assessed. The throwing mo
tion was monitored during the 1st, 2nd, and 3rd pitches 
(1st inning), the 103rd, 104th, and 105th pitches (7th in
ning), the 118th, 119th, and 120th pitches (8th inning), and 
the 133rd, 134th, and 135th pitches (9th inning). Addition
ally, the ball speed was measured using a radar gun (Pocket 
Radar; Pocket Radar Inc., Santa Rosa, CA USA) while as
sessing the throwing motion. An analysis of ball velocity 
was performed to ensure that the ball speed had not 
dropped. Moreover, ball velocity did not drop in all innings 
(1st inning, 54.1 ± 6.7 mph; 7th inning, 55.6 ± 6.1 mph; 8th 
inning, 55.6 ± 5.5 mph; 9th inning, 56.9 ± 6.4 mph). 

TRUNK MUSCLE ENDURANCE ASSESSMENT 

Trunk muscle endurance was measured using a stopwatch 
(ADME001; Seiko Watch Corporation, Tokyo, Japan) for 
flexion (Figure 3a), extension (Figure 3b), and throwing 
and nonthrowing lateral flexion (Figure 3c).20–22 The mea
surement of trunk muscle endurance used in this study is 
straightforward, and the reliability of the measurement is 
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Figure 1. Repetitive throwing task and experimental protocol       
The repetitive throwing task was conducted for nine innings with 15 pitches per inning. Trunk muscle endurance was measured before and after the repetitive throwing task. The 
throwing motion was measured in the first, seventh, eighth, and ninth innings. 

Figure 2. Laboratory setup   
The distance from the pivot foot position to the target was set at 3 m. The pivot foot po
sition was on the force plate located at the back. 

high.20,21 The trunk flexion muscle endurance was mea
sured in the supine position with the hips and knees flexed 
at 90° and arms crossed over the chest. It was timed after 
the participant bent their trunk so that both elbows met 
the front of their thighs and when both elbows left the 
thighs. Trunk extension muscle endurance was assessed in 
the prone position with the pelvis aligned with the edge of 
the bed and arms crossed over the chest. The participants 
kept their trunk parallel to the floor and the time until fail

ure to preserve this trunk position. The trunk lateral flex
ion muscle endurance was measured in the side-lying po
sition, with the shoulder abducted at 90° and elbow flexed 
at 90°. Participants maintained a straight position, and the 
duration between failures to maintain these postures fail
ures were recorded. 

MOTION ANALYSIS 

Throwing motions were measured using a three-dimen
sional motion analysis system (Vicon MX; Vicon Motion 
Systems Ltd., London, UK), which utilizes nine infrared 
strobe cameras and two force plates (BP400600-OP-2K-
STT; Advanced Mechanical Technology, Inc., Watertown, 
MA, USA). Data were captured at 1000Hz, and force plate 
data were collected at 1000Hz. Thirty-nine reflective mark
ers were fixed to anatomic landmarks according to the Plug-
In Gait model (Vicon Motion Systems Ltd.) (spinous process 
of the 7th cervical vertebra, spinous process of the 10th 
thoracic vertebra, sternal notch, xiphoid process, right 
scapula, bilateral anterior/posterior head, acromioclavicu
lar joint, lateral upper arm, lateral humeral epicondyle, lat
eral forearm, radial/ulnar styloid, second metacarpal head, 
anterior/posterior superior iliac spine, lateral thigh, lateral 
femoral condyle, lateral shank, lateral malleoli, second 
metatarsal head, and calcaneus). The thoracic angles (an
terior/posterior tilt, throwing/nonthrowing side lateral tilt, 
and nonthrowing/throwing side rotation) and shoulder an
gles (horizontal adduction/abduction, abduction/adduc
tion, and internal/external rotation) at stride foot contact 
during the early cocking phase (SFC) and at the maximum 
shoulder external rotation position during the late cocking 
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Figure 3. Trunk muscle endurance assessment     
a. Trunk flexion muscle endurance; b. trunk extension muscle endurance; c. trunk lateral flexion muscle endurance 

phase (MER) were calculated based on the Vicon Plug-In 
Gait model.23 The SFC was defined as the instant when the 
vertical ground reaction force from the nonthrowing side 
foot exceeded 10 N, and the MER was determined using the 
joint angle data.24 Marker trajectory data were low-pass fil
tered using a fourth-order Butterworth filter with a cutoff 
frequency set at 13.4 Hz.25 The axes were defined as fol
lows: the Y-axis extended toward the pitch, the X-axis ex
tended from the first base toward the third base and was 
orthogonal to the Y-axis, and the Z-axis was perpendicular 
to both the Y- and X-axes. The thoracic angle was defined 
as the absolute angle of the thoracic segment to the lab
oratory axis (Figure 4). The shoulder adduction angle was 
defined as the angle between the thoracic segment and the 
upper arm segment. 

STATISTICAL ANALYSIS 

IBM SPSS Statistics, version 23 (IBM Corp., Armonk, NY, 
USA) was used for statistical analysis. Shapiro and Wilk’s 
W-statistic was used to screen all data for normality of dis
tribution. The paired t-test or Wilcoxon signed-rank test 
was used to compare trunk muscle endurance before and af
ter throwing, depending on whether normality was present 
or not. The changes in kinematics were analyzed in innings 
7, 8, and 9, depending on normality, and the significance 
level was adjusted by Bonferroni analysis for multiple com
parisons. Statistical significance was set at p < 0.05. Effect 
sizes and 95% (CI) between each measure were also calcu
lated. Effect sizes (Cohen’s d) using the paired t-test were 
rated small (0.20≤d<0.50), moderate (0.50≤d<0.80), and 
large (d ≥ 0.80).26 Effect sizes (r) using the Wilcoxon 

signed-rank test were rated small (0.10 ≤ r < 0.30), moder
ate (0.30 ≤ r < 0.50), and large (r ≥ 0.50).26 

RESULTS 

Twelve athletes participated in this study (mean age, 22.8 
± 2.9 years; mean body mass, 67.5 ± 8.7 kg; mean height, 
170.4 ± 5.4 cm; mean experience, 13.6 ± 1.9 years) (Table 1). 

Changes in the trunk muscle endurance before and after 
repetitive throwing are shown in Table 2. Endurance of the 
trunk flexors [p = 0.001, d = 1.10 (95% CI: 3.8,10.6)], exten
sors [p = 0.002, d = 1.30 (95% CI: 3.7,12.8)], lateral flexors 
on the throwing side [p < 0.001, d = 1.11 (95% CI: 6.0,11.7)], 
and lateral flexors on the nonthrowing side [p < 0.001, d 
= 1.76 (95% CI: 7.1,15.7)] was significantly decreased after 
repetitive throwing. 

Table 3 shows thoracic spine and shoulder kinematics at 
SFC and MER in the first, seventh, eighth, and ninth in
nings. The thoracic rotation angle at the SFC in the eighth 
inning was significantly lower than that in the first inning 
[p = 0.013, d = 0.20 (95% CI: 0.4,3.0)]. The shoulder hori
zontal adduction angle at MER in the seventh [p = 0.013, d 
= 0.38 (95% CI: 0.7,4.7)] and ninth [p = 0.004, d = 0.42 (95% 
CI: 1.1,4.6)] innings was significantly lower than that in the 
first inning. No differences were found in other variables. 

DISCUSSION 

Because shoulder injuries related to pitching occur in 
13%–35% of baseball players,1–4 and the likelihood of per
formance recovery is low,5,6 the link between repetitive 
throwing and shoulder injury has recently come under 
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Figure 4. Coordinate system for the thoracic segment and definition of thoracic rotation            
a. Coordinate system; b. definition of thoracic rotation 
CL, laboratory coordinate system; CT, thoracic coordinate system. 
XL, X-axis of CL; YL, Y-axis of CL; ZL, Z-axis of CL 
The thoracic angle was defined as an absolute angle with respect to a coordinate system, with the flat floor in the laboratory as a reference plane. The rotation to the nonthrowing 
side was taken as a positive value for the rotation angle of the thoracic (In the case of right-handed throws, the left rotation was taken as a positive value). 

Table 1. Characteristics of the participants (n = 12)        

Mean ± SD Range 

Age (years) 22.8 ± 2.9 20–28 

Body mass (kg) 67.5 ± 8.7 57–85 

Height (cm) 170.4 ± 5.4 165–180 

Experience (years) 13.6 ± 2.9 11–16 

SD, standard deviation 

Table 2. Data regarding trunk muscle endurance      
before and after repetitive throwing      

Variable Before After 
p-

value 

Trunk muscle 
endurance (s) 

Flexion 
22.7 ± 

7.3 
15.5 
± 5.7 

0.001 

Extension 
32.9 ± 

7.2 
24.7 
± 5.3 

0.002 

Lateral flexion in the 
throwing side 

23.9 ± 
8.4 

15.0 
± 7.6 

<0.001 

Lateral flexion in the 
nonthrowing side 

25.9 ± 
8.1 

14.5 
± 4.3 

<0.001 

Data are presented as mean ± standard deviation. 

scrutiny.3,9 There is a lack of consensus agreement on spe
cific changes that repetitive throwing might cause in shoul
der kinematics.11–13 While the most agree that good trunk 
function is essential in controlling shoulder kinematics, the 
changes in thoracic kinematics and trunk muscle strength 

related to repetitive pitching are unclear.15 The results of 
the current study reveal that the trunk muscle endurance 
diminished and thoracic rotation and shoulder horizontal 
plane kinematics were altered by repetitive throwing. 

Despite studies on how shoulder and hip muscle func
tion changes when throwing repeatedly,19,27 variations in 
trunk muscle function have not yet been examined. In this 
line, Mullaney et al.27 showed that shoulder internal rota
tion strength decreased after about 100 pitches, whereas 
Yanagisawa and Taniguchi19 showed that hip adduction 
and abduction strength decreased after 117 pitches. Al
though the body segments assessed varied, the current 
study conforms to previous reports. 

Hirashima et al.28 examined the rectus abdominis and 
external oblique muscles activity during throwing using 
surface electromyography. They showed that the external 
oblique muscles on the nonthrowing side were active in 
inhibiting early thoracic rotation during the early cocking 
phase. In contrast, the external oblique muscles on the 
throwing side were active to direct the thorax toward the 
throwing direction during the late cocking phase. However, 
the rectus abdominis muscle was shown to be active im
mediately before ball release. The paraspinal muscles have 
been described as active from SFC to ball release for pos
tural control of the trunk.29 Based on these observations, 
the authors of the current study hypothesized that abdom
inals and trunk extensors were engaged to control the tho
racic movement during each phase of throwing and that re
peated throwing reduced trunk muscle endurance. 

Early thoracic rotation at the SFC is one of the thoracic 
kinematics during throwing that should be focused on since 
it is frequently linked to shoulder injury.16,17 Although 
trunk muscle endurance decreases occurred in this trial, 
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Table 3. Thoracic and shoulder kinematics in each inning        

Inning 

1st 7th 8th 9th 

SFC 

Thoracic angle (degrees) 

Anterior tilt 
p-value 

2.7 ± 9.3 −3.5 ± 6.7 2.0 ± 10.4 1.5 ± 9.6 

0.073 0.836 0.702 

Lateral tilt 
p-value 

−4.9 ± 6.8 −1.9 ± 9.2 −6.8 ± 5.8 −4.8 ± 5.7 

0.424 0.122 0.971 

Rotation 
p-value 

−13.7 ± 8.7 −15.5 ± 8.8 −15.4 ± 8.3 −14.5 ± 10.6 

0.017 0.013 0.541 

Shoulder angle (degrees) 

Horizontal adduction 
p-value 

−26.7 ± 15.8 −29.8 ± 14.8 −28.8 ± 15.4 −28.2 ± 15.0 

0.125 0.323 0.422 

Abduction 
p-value 

75.7 ± 18.4 74.3 ± 17.4 73.4 ± 17.0 74.5 ± 17.3 

0.443 0.352 0.595 

Internal rotation 
p-value 

−24.7 [−48.9, −13.0] −19.0[−31.7,3.7] −12.0[−47.3,6.4] −20.4[−39.3,−4.2] 

0.019 0.041 0.638 

MER 

Thoracic angle (degrees) 

Anterior tilt 
p-value 

−4.2 ± 20.6 11.2 ± 15.8 9.2 ± 22.0 13.9 ± 17.1 

0.075 0.118 0.033 

Lateral tilt 
p-value 

18.3 ± 7.9 19.4 ± 12.1 18.5 ± 8.3 18.7 ± 11.0 

0.791 0.892 0.902 

Rotation 
p-value 

100.4 ± 6.9 102.3 ± 10.4 100.5 ± 6.6 99.7 ± 6.9 

0.447 0.970 0.636 

Shoulder angle (degrees) 

Horizontal adduction 
p-value 

9.2 ± 6.7 6.6 ± 7.0 7.0 ± 6.5 6.4 ± 6.6 

0.013 0.035 0.004 

Abduction 
p-value 

97.9 ± 9.4 98.4 ± 9.9 98.7 ± 10.6 98.4 ± 10.7 

0.563 0.475 0.655 

Internal rotation 
p-value 

−147.9 ± 14.7 −149.8 ± 15.0 −150.2 ± 15.5 −150.6 ± 16.4 

0.146 0.122 0.031 

Data are presented as mean ± standard deviation and medians and interquartile. 
[] indicates interquartile. 
Each variable was compared in the 1st vs. 7th inning, 1st vs. 8th inning, and 1st vs. 9th inning. 
MER = maximum external rotation during the late cocking phase; SFC = stride foot contact during the early cocking phase 

the thoracic rotation angle to the nonthrowing side at the 
SFC did not increase. In healthy participants, the decrease 
in trunk muscle endurance might not necessarily lead to 
poor trunk motion, such as early thoracic rotation. How
ever, the thoracic rotation angle at the SFC increased to
ward the throwing side in the eighth inning. The variations 
observed in this study do not have therapeutic relevance 
because no reports demonstrate a connection between the 
changes in thoracic kinematics exhibited herein and shoul
der injury. 

The shoulder horizontal adduction angle at MER 
dropped in the seventh and ninth innings. However, the ef
fect size for the change in shoulder horizontal adduction 
angle with recurrent throwing was small in this study. Sev
eral studies have focused on how repetitive throwing affects 

the shoulder’s horizontal adduction angle. Chou et al.12 

showed that 100 pitches increased the shoulder horizontal 
adduction angle at the MER in top-level high school base
ball players. Conversely, Escamilla et al.13 showed that 
105–135 repetitive throws did not change the shoulder hor
izontal adduction angle in Division I college baseball play
ers. Considering factors that lead to a decrease in the shoul
der horizontal adduction angle at MER, Mullaney et al.27 

reported that the shoulder internal rotation strength de
creased after 100 pitches. Additionally, Dale et al.18 showed 
that fatigue of the shoulder internal rotator muscles began 
even after 60 pitches. Throwing repeatedly is likely to re
duce the shoulder internal rotation strength because the 
subscapularis, pectoralis major, and latissimus dorsi mus
cles are very active from the late cocking phase to the ac
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celeration period.30 Jobe31 considered that a decrease in 
the function of the shoulder anterior components may con
tribute to a decrease in the shoulder horizontal adduction 
angle during the late cocking phase. Furthermore, of the 
subscapularis, pectoralis major, and latissimus dorsi mus
cles, the subscapularis and pectoralis major are thought to 
contribute to the maintaining of the glenohumeral joint 
horizontal adduction position.30 However, although there 
were no changes in thoracic kinematics affecting shoulder 
kinematics in this study, a deficit in muscle function of the 
anterior shoulder components, such as the subscapularis 
and pectoralis major muscles, may lead to a change in the 
shoulder horizontal plane kinematics at MER. 

A decreased shoulder horizontal adduction angle at MER 
is closely associated with shoulder injuries and is a risk fac
tor for posterior superior impingement syndrome.31,32 Pos
terior superior impingement syndrome is a phenomenon 
in which the rotator cuff is trapped between the humeral 
head and glenoid fossa during the late cocking phase.31,32 

Mihata et al.33 reproduced the MER position in cadaveric 
shoulders and reported that the pressure between the 
greater tuberosity and glenoid increased as the shoulder 
horizontal adduction angle decreased. In this study, the 
shoulder horizontal adduction angle at MER decreased in 
the seventh and ninth innings, suggesting that pitching 
>100 pitches may contribute to increased mechanical stress 
within the shoulder. 

This study has some limitations. First, the trunk muscle 
endurance was evaluated using a method that is easy to use 
in clinical and field situations. However, the technique used 
in this study could not deny subjectivity. In the future, we 
should employ a more accurate method of assessment. Sec
ond, the throwing motion function was only assessed dur
ing specific innings. Japanese starting pitchers often throw 
more than seven innings, but in the United States, they 
barely reach this number. Whether the throwing motion 
will change in less than seven innings needs to be de
termined. Therefore, assessing pitching data in every in
ning would be relevant, particularly in American baseball. 
Third, based on previous reports, the authors speculate 

that the decreased shoulder horizontal adduction angle at 
MER increases mechanical stress within the shoulder.31–33 

This study only showed changes in shoulder motion with 
repetitive throwing in healthy participants, and whether a 
healthy athlete whose shoulder motion is altered by repet
itive throwing will develop shoulder injuries in the future 
remains unknown. If the relationship between changes in 
shoulder motion with repeated throwing and the incidence 
of shoulder injury can be clarified, this may lead to preven
tive actions for future injuries. 

CONCLUSION 

The results of this study indicate that with 135 repeated 
throws trunk muscular endurance was reduced. In addition, 
thoracic rotation at SFC and shoulder horizontal plane at 
MER kinematics were altered by repetitive throwing. 
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