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INTRODUCTION 

Throwing is a dynamic movement that requires a stable base 

of support from the lumbopelvic-hip complex in order for 

proper transfer of forces up the kinetic chain. During arm 

cocking and acceleration of the baseball pitch there are 

increased muscle activations of the drive leg’s gluteal 

muscle group [4]. The proximal segments of the legs and 

trunk work sequentially to accelerate the shoulder for 

optimal force production in upper extremity activities [5]. 

Additionally, there is a dynamic relationship between pelvis 

rotation and gluteal activation. The lower extremity and 

trunk musculature must be activated before arm motion 

occurs in order for normal motor patterns of the upper 

extremity to occur when throwing [2,3].   

 

Even with the abundance of published research on baseball 

pitching very few studies have examined muscle activity 

during the overhead throw. Even less literature are available 

regaring catchers, both skeletally mature and immature. By 

understanding muscle activity during throwing in skeletally 

immature and mature catchers’, pathomechanics may be 

identified. Therefore, the purpose of this study was to 

quantitatively analyze the muscle activations of the shoulder 

and lumbopelvic hip complex in skeletally immature and 

mature catchers as they throw down to second base. 

 

METHODS 

Forty-six competitively active baseball and softball catchers 

volunteered to participate. There were no differences 

between genders on years of experience or age. All 

participants had recently completed their competitive season, 

were deemed appropriately conditioned for participation, and 

injury free for the past six months. Participants were divided 

into two categories of skeletally immature and mature. From 

the 46 participants, we selected the youngest 10 participants 

(10+.9 yrs; 144.3+10.3 cm; 38.7+10.8 kg) and described 

them as skeletally immature and oldest 10 participants 

(18+2.4 yrs; 169.9+8 cm; 74.9+11.8 kg) and described them 

as skeletally mature. All of the catchers were right handed. 

Participants reported for testing prior to engaging in any 

resistance training or vigorous activity for that day. All 

testing protocols were approved by the University’s 

Institutional Review Board. 

 

At the testing facility, participants were prepared so that 

kinematic data could be collected using The 

MotionMonitor
TM

 electromagnetic tracking system 

(Innovative Sports Training, Chicago, IL). Kinematic data 

were collected to set event markers for the reduction of the 

surface electromyographic (sEMG) data. Participants had a 

series of 10 electromagnetic sensors attached at the 

following locations: (1) the medial aspect of the torso at C7; 

(2) medial aspect of the pelvis at S1; (3) the distal/posterior 

aspect of the throwing humerus; (4) the distal/posterior 

aspect of the throwing forearm; (5) the distal/posterior aspect 

of the non-throwing humerus; (6) the distal/posterior aspect 

of the non-throwing forearm; (7) distal/posterior aspect of 

stride lower leg; (8) distal/posterior aspect of the upper stride 

leg; (9) distal/posterior aspect of non-stride lower leg; and 

(10) distal/posterior aspect of non-stride upper leg. 

Following the attachment of the electromagnetic sensors, an 

eleventh sensor, attached to a wooden stylus, was used to 

digitize the palpated position of the bony landmarks.  

 

Prior to testing, the identified locations for surface electrode 

placement were shaved, abraded, and cleaned using standard 

medical alcohol swabs. Adhesive 3M Red-Dot bipolar 

surface electrodes (3M, St. Paul, MN) were attached over the 

muscle bellies of the throwing arm biceps brachii, triceps 

brachii, deltoid, rhomboids, bilateral gluteus maximus and 

medius and positioned parallel to muscle fibers with an inter-

electrode distance of 25mm. Once all electrodes had been 

secured, manual muscle tests were conducted to establish 

baseline readings for each participant's maximum voluntary 

isometric contraction (MVIC) to which all sEMG data could 

be compared. A Noraxon Myopac 1400L 9-channel 

amplifier transmitted the sEMG data to The 

MotionMonitor
TM

 motion capture system (Innovative Sports 

Training Inc., Chicago IL). The signal was full wave 

rectified and smoothed based on the smoothing algorithms of 

root mean squared at windows of 100 ms. Throughout all 

testing, sEMG data were sampled at a rate 1000 Hz. In 

addition, all sEMG data were notch filtered at frequencies of 

59.5 Hz and 60.5 Hz respectively [1].  

 

Participants were given an unlimited time to warm-up. Once 

participants deemed themselves warm, they were instructed 

to catch the pitched ball and throw down to second base, 

simulating a game setting where a runner was trying to steal 

second. Each participant had five fastballs pitched to them in 

which they caught and threw down to second. A position 

player (shortstop) was on second base and only those throws 

that he/she was able to catch without stepping off the base 

were recorded. For the current study, the data form the 



fastest throw down to second was selected for detailed 

analysis. Ball velocity was determined by JUGS radar gun 

(OpticsPlanet, Inc., Northbrook, IL) positioned behind the 

pitcher and directed towards second base. 

 

Data were analyzed in the current study using the statistical 

analysis package PASW 18.0 (Chicago, IL). Descriptive 

sEMG data of the trunk and shoulder for the fastest throw to 

second base were calculated for the common four phases of 

the overhand throw. Phase 1 included the start of the motion 

to foot contact (FC). Phase 2 consisted of the period between 

FC and maximal external rotation (MER). Phase 3 was the 

duration of MER until ball release (BR).  The final phase, 

Phase 4, consisted of BR to maximum internal rotation 

(MIR). 

 

RESULTS AND DISCUSSION 

No significant differences were found between the muscle 

activations in skeletally immature and mature baseball and 

softball catchers (p<0.01). The muscle activations of 

catchers increased between FC and MER except the deltoid 

in skeletally immature catchers. As the skeletally mature 

catcher progressed into BR, all of the muscles increased 

activation except the right gluteus medius which decreased. 

During this phase of throwing the catcher should be shifting 

their weight from their drive leg onto single leg support of 

the stride leg. Skeletally immature catchers had increased 

activation in all of the muscles except the left gluteus medius 

and maximus during Phase 3. These results may indicate 

skeletally immature catchers have altered pelvis kinematics 

because the gluteal muscles have decreased activation and 

function creating a lack of stability at the pelvis. In the 

follow through phase, Phase 4, skeletally mature catchers 

had increased activation of all muscles except the left gluteus 

maximus and the triceps. Skeletally immature catchers there 

was increased muscle activation, in Phase 4, for the left 

gluteus maximus, deltoid, and rhomboids while all other 

muscles decreased in activation. The main purpose of the 

follow through phase is to decelerate the arm after ball 

release.     

 

CONCLUSIONS 

The literature regarding the throwing motion of baseball and 

softball catchers has yet to be examined, despite the 

popularity and injury incidence. This study successfully 

quantified and described the muscle activations of the trunk 

and shoulder in skeletally mature and immature catchers.  To 

our knowledge, this is the first study to analyze the muscle 

activations in catchers and further studies should be 

completed to validate our results. 
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FIGURE 1. Mean %MIVC for each muscle during each 

phase of throwing in skeletally immature catchers. 
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FIGURE 2. Mean %MIVC for each muscle during each 

phase of throwing in skeletally mature catchers. 
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