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INTRODUCTION 
It has become evident in the literature that torso control plays 

a major role in dynamic human movements. With the torso 

being a part of the lumbopelvic-hip complex, it allows for 

optimal transfer of forces form the lower extremity to the 

upper extremity. For dynamic movement it is imperative to 

have proximal stability for distal mobility. Structurally, the 

lumbopelvic-hip complex is the area encompassing the pelvis 

and torso with the foundation of the pelvis being supplied by 

the gluteal muscle group. The gluteal muscle group stabilizes 

the torso over a planted leg and allows for efficient transfer of 

energy for any forward leg movements. 

 

Though it is known that as a part of the kinetic chain, the 

gluteal muscle group will affect the more distal segments of 

the lumbopelvic-hip complex, the true dynamic manner of this 

gluteal muscle activation and torso rotation has yet to be 

thoroughly researched. Furthermore it is not known as to what 

degree the gluteal muscle group is activated during the 

overhead throwing motion of a catcher throwing down to 

second base. Therefore, it was the purpose of this study to 

examine the gluteal muscle group activation patterns and their 

relationship with torso kinematics during the overhead 

throwing motion of catchers. It was hypothesized that the 

observed gluteal muscle activation patterns would be 

significantly correlated with torso kinematics. 

 

METHODS 

Thirty-seven (14.2+3.8 yrs; 161.7+14.7 cm; 61.6+18.9 kg) 

competitively active baseball and softball catchers volunteered 

to participate. All participants recently completed their 

competitive baseball or softball season and were deemed 

adequately conditioned and free from injury for the past six 

months. All testing protocols were approved by the 

University’s Institutional Review Board and the rights and 

privacy of the participants were upheld. 

 

Participants reported for testing prior to engaging in any type 

of vigorous activity that day. Location of bilateral gluteus 

maximus and medius were identified through palpation. The 

identified locations were shaved, abraded, and cleaned using 

standard medical alcohol swabs. Adhesive 3M Red-Dot 

bipolar surface electrodes (Al/AgCl 6cm discs) were attached 

over the muscle bellies and positioned parallel to muscle 

fibers. Manual muscle tests were then conducted to establish 

baseline reading for each participant’s maximum voluntary 

isometric contraction (MVIC) to which all sEMG data could 

be compared. 

 

All sEMG data were transmitted to The MotionMonitor
TM

 

(Innovative Sports Training, Chicago, IL) through a Noraxon 

Myopac 1400L (Noraxon, USA, Inc, Scottsdale, AZ) eight 

channel amplifier. Signals were full wave rectified and 

smoothed based on the smoothing algorithms of root mean 

squared at windows of 1000ms, sampling at a rate of 1000 Hz 

and notch filtered at frequencies of 59.5 Hz and 60.5 Hz 

respectively [1]. 

 

In addition to sEMG data, kinematic data were collected using 

The MotionMonitor
TM

. Prior to the test trials, participants had 

a series of 10 electromagnetic sensors attached at the 

following locations: medial aspect of torso at C7; medial 

aspect of pelvis at S1; distal and posterior aspect of throwing 

and non-throwing humerus; distal and posterior aspect of 

throwing and non-throwing forearm; distal and posterior 

aspect of throwing and non-throwing side upper leg; and distal 

and posterior aspect of throwing and non-throwing side lower 

leg. Following attachment of the electromagnetic sensors, an 

eleventh sensor was attached to a wooden stylus and used to 

digitize the palpated position of the bony landmarks. A 

segment link model was developed through digitization of 

joint centers for the ankle, knee, hip, shoulder, T12-L1, and 

C7-T1. The spinal column was defined as the digitized space 

between the associated spinous processes, as the ankle and 

knee were defined as the midpoints of the digitized malleoli, 

and femoral condyles, and by virtue of the least-squares 

method, the hip and shoulder joint centers were defined. 

 

Following electromagnetic and sEMG sensor set-up, 

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

the participants deemed themselves warm, they were 

instructed on the protocol. The participant had to catch the 

pitched ball and then throw down to second base, simulating a 

game setting where a runner was trying to steal second. 

Participants were pitched five fastballs from a pitcher located 

regulation distance. The participant was to catch the pitched 

ball and then throw down to second base in attempt to hold a 

runner on first base. A position player was on second base and 

only those throws that he/she was able to catch without 

stepping off the base was recorded. For the current study, the 

data from the fastest ball velocity when throwing down to 

second was selected for analysis. Ball velocity was determined 



by JUGS radar gun (OpticsPlanet, Inc., Northbrook, IL) 

positioned behind the pitcher and directed to second base. 

 

Data were analyzed in the current study using the statistical 

package of PASW 18.0 for Windows (SPSS, Chicago, IL). For 

the fastest throw from the catcher to second base by each 

participant, mean and standard deviation for all sEMG and 

kinematic parameters were calculated. Pearson product 

moment correlation coefficients were then calculated to 

identify the possible relationships between gluteal activity and 

torso kinematics. 

 

RESULTS AND DISCUSSION 

This is the first study to investigate sEMG of the gluteal 

muscle group and its relationship with torso kinematics 

(Figure 1).  

 

 
Figure 1. Gluteal muscle pattern activity during three phases 

of throwing. 

 

As presented in Table 1 the gluteal muscle group accounts for 

some of the torso’s axial rotation at each phase of motion. 

From start of movement to foot contact (FC), gluteal activity 

accounted for 40% of the variance in trunk axial rotation. 

From FC to maximum external rotation (MER) however, 

gluteal activity only accounted for 4% of the variance in trunk 

axial rotation displaying a point of pelvic stabilization by the 

gluteal muscle group in preparation for axial trunk rotation 

following MER. During phase 3, from MER and ball release 

(BR), gluteal activation accounted for 17% of the variance in 

trunk axial rotation. This increase compared to the phase of 

FC to MER is indicative of the gluteal stabilization of the 

pelvis supporting torso rotation from MER to BR. Again from 

BR to maximum internal rotation (MIR), there was an increase 

to 21% of trunk axial rotation variance accounted for by 

gluteal activation in the attempt to decelerate the torso upon 

BR. 

 

 

 

Table 1. Regression analysis results for each phase of 

throwing. 

 
  

 

CONCLUSIONS 

The results revealed that though the regression predicted the 

end position of the torso from gluteal activation, clinically 

there should also be examination of the pelvis as it positions 

the torso. Previously it has been reported that the pelvis does 

indeed position the torso in overhand throwing motions [3]. 

Though the current study did report some variability in the 

relationship between the gluteal muscle group and the torso, 

the pelvis that precludes torso rotation could play a role in that 

variability. This aforementioned premise is based on the 

kinetic chain theory and the effect of the neuromuscular loop 

[2]. Thus further research in warranted examining gluteal, 

pelvis and torso mechanics during the overhead throwing 

motion. 
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