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I. 中文摘要 
 

棒球為目前世界上最受歡迎的運動之一，然

而，並無研究指出投手在投球後需要多少的恢復

時間，因此本研究目的為探討棒球投手在一疲勞

的投球後，肌力與肌肉活化需要多久的恢復時

間。本研究受試者包含 12 為高中棒球投手，共

測量前三角肌、中三角肌、小圓肌、胸大肌、棘

上肌、肱三頭肌、肱二頭肌與旋後肌在進行肩關

節曲屈、外展、外旋、內旋、空罐測試、肘關節

伸展、曲屈與前臂旋後之最大自主等長收縮時之

肌肉活化與肌力。每位受試者需分別進行前測、

後測、投球後第一天、第二天與第三天之測試，

共五次。結果發現肱二頭肌與胸大肌的肌肉活化

在後測與第一天是明顯較前測為小；肩關節外旋

的肌力則是在投球後第一天達到最小值。由此可

知棒球投手在投球時，肩關節的旋轉肌群是主要

使用的肌肉，而內旋與外旋肌力的不平衡則容易

造成傷害的發生。 
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Abstract 
 

Baseball is one of the most popular sports in 
the world. However, there is no study about the 
recovery time after pitching. The purpose is to 
investigate how much time that the recovery of 
muscle activation and muscle strength after a 
fatigue pitching need. Twelve high school baseball 
pitchers were included in this study. The activation 
of Anterior Deltoid, Middle Deltoid, Teres minor, 
Pectoralis Major, Supraspinatus, Triceps Brachii, 
Biceps Brachii and Supinator would be measured at 
maximum isometric contraction test of shoulder 
flexion, abduction, external rotation, internal 
rotation, empty can test, elbow extension, flexion 
and forearm supination, respectively. Each subject 
has to performe the same test before and after 
pitching and the following day1, day2 and day3. 
The results showed that the activation of Pectoralis 
Major and Biceps were significant smaller in Day1 

and Post-test than Pre-test, respectively. The 
strength of shoulder external rotation was minimum 
in Day1. From the results, it could be inferred that 
the shoulder rotators played important roles during 
pitching and the unbalance strength between 
shoulder internal rotators and external rotators 
might be the risk of injury. 
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II. Introduction 
 

Baseball is one of the most popular sports in 
the world. The pitcher plays an important role in a 
baseball game, especially the start pitcher. Some 
studies indicated that many pitching injuries are 
related to overuse [1]. 

Electromyography (EMG) was used to 
investigate the muscle activity. The previous study 
show that during pitching the main agonists of 
upper body included  deltoid, rotator cuff, serratus 
anaterior, trapezius, latissimus dorsi, pectoralis 
major, biceps brachii and levator scapulae 
experienced high activity [2]. In different pitch 
phase, the muscles played different role, so that the 
muscle might experienced concentric and eccentric 
contraction during all pitch motion. Howell et al. 
indicated that the eccentric contraction would result 
in muscle stiffness and remained about 4 days. The 
study also mentioned that muscle strength would 
decline by almost 40% after the eccentric exercise 
and recovery was only slight 10 days later. The 
half-time of recovery appeared to be as long as 5-6 
weeks. [3] 

Fatigue would influence the motion of 
pitching. Previous study showed that fatigue would 
lead to maximum shoulder external rotation angle, 
ball velocity and maximum shoulder horizontal 
abduction torque decrease [4]. Other study 
indicated that the strength of most muscles would 
decrease after a competition (average 7 innings, 99 
balls) [5]. 

In Major League Baseball, the start pitcher 
usually has 4 days to rest between two games. 



However, no study has indicated whether the 4 days 
rest are enough or not. The purpose of this study is 
to investigate how much time that the recovery of 
muscle activation and muscle strength after a 
fatigue pitching need. 

 
III. Method 
 

Twelve high school baseball pitchers (age: 
16.25±1.06 years; height: 176.75±3.79 cm; weight: 
68.45±7.63 kg) were volunteers to participate in 
this study. Ten subjects were right hand dominant 
and two subjects were left hand dominant. All 
subjects were free of any musculoskeletal disorder 
of the upper extremity. The institutional review 
board of Kaohsiung Medical University Chung-Ho 
Memorial Hospital approved the study, and 
informed consent for participation was obtained 
from each subject. 

Biopac MP150 system (sampling rate: 
1000Hz) and AcqKnowledge 3.9 for Windows 
(BIOPAC Systems, Inc., CA, USA) were used to 
measure the activation of Anterior Deltoid, Middle 
Deltoid, Supraspinatus, Teres Minor, Pectoralis 
Major, Triceps Brachii, Biceps Brachii and 
Supinator of the dominant side. The muscle 
activation was recorded during maximum effort 
isometric contractions used System 3 isokinetic 
device (Biodex Medical system, New York, USA). 
The isometric contraction tests were shoulder 
flexion at shoulder flexion 90°, shoulder abduction 
at shoulder abduction 90°, empty can test at 
shoulder horizontal abduction 30°, shoulder 
external and internal rotation (ER and IR, 
respectively) with abduction 90° and elbow flexion 
90°, elbow extension and flexion with elbow 
flexion 90° and supination with elbow flexion 90°, 
respectively. Speed gun (Stalter Sport Digital Sports 
Sports Radar, Stalker Pro, STALKER RADAR, 
USA) was used to measure the ball velocity of each 
pitch. 

The isometric test and EMG data were 
collected after a routine warm up process. These 
would be the base line and named “Pre-test”. Then, 
subjects were asked to pitch in the indoor bullpen 
and the distance of mound and home plate was 
18.44m. All pitches were fast straight ball, and the 
subjects had to throw each ball with maximum 
effort. While the ball velocity decreased 10% or 
pitch count reached 100, the pitch would stop. 
Brog’s 6-20 scores RPE was used to estimate the 
fatigue level of the subjects. Following that, the 
isometric test and EMG data were proceeded again, 
and this was named “Post-test”. Next day and the 
following 2 days, the isometric test and EMG data 
collection were repeated, and these were defined as 
“Day1”, “Day2” and “Day3”, respectively. 

The EMG raw data were rectified and filtered 
by 4th-order butterworth 10-400Hz band pass filter. 
The maximum value of each test was expressed as a 
ratio related to the Pre-test. Repeated measure one 
way ANOVA was used to compare the maximum 
value of each test between different days. The 
statistical significance level was set at p< .05. 

 
IV. Result 
 

The velocity of the first ten balls 
(114.43±11.37 KPH) was significantly larger than 
the last ten balls (106.19±6.66 KPH, p<.001). 
The pitch counts were 108.17±11.97 balls. The 
score of Brog’s RPE was 13.92±2.61. 

The results of muscle activation (Table 1.) 
indicated that the activation of Pectoralis Major and 
Biceps were significant smaller in Day1 and 
Post-test than Pre-test, respectively. The activation 
of Teres Minor was significant larger in Post-test 
than Pre-test. There were no significance between 
others, but some pattern could be found that the 
activation of Supraspinatus was smaller in Post-test 
than Pre-test, but it recovered in Day1 test. The 
activation of Pectoralis Major decreased after 
pitching until Day2 test. 

Table 2 showed that the muscle strength of 
shoulder external rotation reached a significant 
minimum value at Day1. From the pattern, 
something could be found that the muscle strength 
of Empty can test, shoulder abduction, elbow 
flexion, elbow extension, forearm pronation and 
supination was larger in Pre-test than Post-test, and 
recovered at the Day1. However, the strength of 
shoulder internal rotation was smaller at Day1 than 
Pre-test and recovered at Day2. 

 
V. Discussion 

 
This study tried to investigate the recovery 

time of muscle activity and muscle strength after a 
fatigue pitching. In the Brog’s RPE, 13 scores mean 
“somewhat hard“ and 15 scores mean “hard”. From 
the result of Brog’s RPE, it could be found that the 
subjects in this study were tired, but might be not 
very fatigue after about 100 pitches. 

The results of this study demonstrated that the 
activation of Pectoralis Major decreased after 
pitching and reached the smallest in day 1 test. This 
was similar to previous study which indicated that 
internal rotators experience a high performance 
demand during pitching [6, 7]. Muscle activation of 
the Biceps, Supraspinatus decrease dafter pitching, 
and recovered after one day rest. Other tested 
muscle did not show significant decrease after 
pitching. 

Previous study indicated that the strength of 



shoulder internal rotator was higher than 
Supraspinatus and middle Trapezius in shoulder 
pain pitchers [8]. In this study, the strength of 
shoulder IR was higher than shoulder ER and 
empty can test. This result showed that the 
unbalance strength of rotator cuff might increase 
the risk of shoulder pain and impingement 
syndrome. 

It might be concluded that the short-term 
simulation of 100 pitches may not be stressful 
enough to produce immediate effect on muscle 
activation and strength in practice situation. 
However, the effect of fatigued pitching and 
recovery on muscle activation in competition was 
unknown. This will be studied in the future 
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Table 1. The results of EMG ratio of different muscles. 

 Pre-test Post-test Day1 Day2 
Anterior Deltoid 1 1.1469±0.5019 1.1963±0.5669 1.3654±0.5500 
Middle Deltoid 1 1.0676±0.3217 1.0796±0.3781 1.0633±0.2550 
Supraspinatus 1 0.8936±0.4054 1.3281±1.0097 1.3736±0.9499 
Teres Minor 1 a 1.3300±0.3367 a 0.9341±0.3920 1.1040±0.5610 

Pectoralis Major 1 b 0.9774±0.4263 0.7263±0.3235 b 1.0332±0.3483 
Triceps 1 1.0525±0.3354 0.9882±0.3991 1.0964±0.3975 
Biceps 1 c 0.8201±0.2075 c 0.9889±0.4189 1.0353±0.5128 

Supinator 1 1.0761±0.3399 1.0075±0.4985 1.0237±0.4775 
a: Post > Pre, p=.013; b: Pre > Day1, p=.014; c: Pre > Post, p=.023 
 
Table 2. The results of muscle strength (Unit: N．m) 

 Pre-test Post-test Day1 Day2 
Shoulder flexion 87.99±17.12 85.08±16.27 a 82.39±17.47 a 92.26±15.90 a 
Empty can test 77.60±11.37 74.71±12.92 79.18±16.02 79.48±12.89 

Shoulder abduction 89.94±17.79 83.18±16.34  89.45±12.24 88.15±11.90 
Shoulder IR 55.57±12.86 56.52±12.29 53.16±11.54 57.70± 7.83 
Shoulder ER 29.16± 6.99 b 30.08± 7.63 b 25.77± 6.41 b 28.35± 7.01 b 

Elbow flexion 52.36±14.19 51.03±11.49 c 52.49±11.96 55.16±10.54 c 
Elbow extension 46.28±10.08 43.12± 9.38 47.15±10.18 47.18±10.83 

Forearm pronation 10.34± 3.31  8.75± 2.37 11.25± 3.90 10.80± 2.87 
Forearm suination 11.73± 5.62 11.55± 3.16 11.96± 4.31 12.77± 5.14 



a: Day2 > Post, p=.036; Day2 > Day1, p=.016 
b: Pre > Day1, p=.016; Post > Day1, p=.002; Day2 > Day1, p=.002 
c: Day2 > Post, p=.046 

 
 


