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ABSTRACT

Oliver, GD, Plummer, HA, and Keeley, DW. Muscle activation

patterns of the upper and lower extremity during the windmill

softball pitch. J Strength Cond Res 25(6): 1653–1658,

2011—Fast-pitch softball has become an increasingly popular

sport for female athletes. There has been little research

examining the windmill softball pitch in the literature. The

purpose of this study was to describe the muscle activation

patterns of 3 upper extremity muscles (biceps, triceps, and

rhomboids [scapular stabilizers]) and 2 lower extremity muscles

(gluteus maximus and medius) during the 5 phases of the

windmill softball pitch. Data describing muscle activation were

collected on 7 postpubescent softball pitchers (age 17.7 6 2.6

years; height 169 6 5.4 cm; mass 69.1 6 5.4 kg). Surface

electromyographic data were collected using a Myopac Jr

10-channel amplifier (RUN Technologies Scientific Systems,

Laguna Hills, CA, USA) synchronized with The MotionMonitorTM

motion capture system (Innovative Sports Training Inc, Chicago

IL, USA) and presented as a percent of maximum voluntary

isometric contraction. Gluteus maximus activity reached

(196.3% maximum voluntary isometric contraction [MVIC]),

whereas gluteus medius activity was consistent during the

single leg support of phase 3 (101.2% MVIC). Biceps brachii

activity was greatest during phase 4 of the pitching motion.

Triceps brachii activation was consistently .150% MVIC

throughout the entire pitching motion, whereas the scapular

stabilizers were most active during phase 2 (170.1% MVIC).

The results of this study indicate the extent to which muscles are

activated during the windmill softball pitch, and this knowledge

can lead to the development of proper preventative and

rehabilitative muscle strengthening programs. In addition,

clinicians will be able to incorporate strengthening exercises

that mimic the timing of maximal muscle activation most used

during the windmill pitching phases.

KEY WORDS electromyography, fast pitch, muscle firing

patterns

INTRODUCTION

M
illions of girls participate in the sport of fast-
pitch softball, and still there has been limited
research conducted involving the sport. Ac-
cording to a report from all 5 governing bodies

of fast-pitch softball, there were .2 million female adoles-
cents between the ages of 12 and 18 competing in fast-pitch
softball during 2003 (23). Softball has not only grown
drastically over the years but it has also become a year-round
sport for most serious participants. As with baseball, fast-
pitch softball relies heavily on the ability of the pitcher to
strategically control the game. It is not uncommon for a team
to have a dominant pitcher that pitches most if not all of the
games during a season. However, unlike baseball where the
pitching mechanics has been intensively investigated, re-
search concerning pitching mechanics for softball is scarce.
It has been documented that the torques about the shoulder
and elbow are similar in softball and in baseball, and
therefore, with the risk of injuries in windmill softball
pitching becomes as paramount as those in baseball. With the
increased risk of injury, the mechanics of the windmill pitch
are imperative to understand (2). To date, there are limited
studies describing not only the mechanics of the windmill
softball pitch but also descriptions of muscle activations
throughout the phases of the pitch (2,13,23,24).

Biomechanically, the human body can be depicted as
a kinetic link model based on the kinetic chain. The kinetic
chain describes the body as interdependent segments; thus,
contribution of the entire body during sport activities is
essential (15). The proximal segments of the legs and trunk
work sequentially in effort to accelerate the shoulder for
optimal force production in upper extremity activities
(18,19). Furthermore, the large muscles of the hips and
trunk help position the thoracic spine to accommodate for
effective movement of the scapula, which allows for
functional shoulder motion (15). It is the efficiency of the
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proximal segments that initiate the movement of the more
distal segments. Based on the kinetic chain, the core
musculature is the key link in allowing seamless energy
transfer from the lower extremity to the upper extremity.
Therefore, it could be speculated that adequate firing of the
gluteal muscle group would be vital in proximal to distal
sequencing in dynamic movements, such as the windmill
softball pitch (17), considering that the gluteal muscle group is
a large contributor to core musculature. In an attempt to
provide normal motor patterns of the upper extremity while
performing the pitching motion, the lower extremity and trunk
musculature must be activated before the arm motion occurs
(1,7,19). Thus, adequate muscle activation of the gluteal
muscle group as a part of the core musculature is vital in
proximal to distal sequencing of upper extremity movements.

Previously, the research has focused solely on the upper
extremity muscle function with the windmill softball pitch.
Maffet et al. (13) have examined the activation patterns of
8 muscles of the upper extremity, and Rojas et al. (20) have
examined the biceps during the 5 phases of the windmill
pitch. However, there is no study to date that examines both
the upper and lower extremity muscle activation patterns
throughout the phases of the windmill softball pitch. In an
attempt to understand the motion of the windmill softball
pitch and the injury implications, it is imperative that we
understand the muscle activations throughout the pitching
motion. Therefore, the purpose of this study was to describe
the muscle activation patterns of 3 upper extremity muscles
(biceps, triceps, and rhomboids [scapular stabilizers]) and
2 lower extremity muscles (gluteus maximus and medius)
during the 5 phases of the windmill softball pitch.

METHODS

Experimental Approach to the Problem

Surface electromyography (EMG) data were collected on the
biceps, triceps, scapular stabilizers, gluteus maximus, and
gluteus medius muscles throughout the 5 phases of the
windmill softball pitching motion. The phases of this study
were described according to Maffett and are listed in Table 1.

In addition, data describing the kinematics of the motion
were collected to allow for the identification of the instants
the throwing arm was positioned at 6 o’clock, 3 o’clock,
12 o’clock, 9 o’clock, and ball release. The data in this study
were collected in a manner such that participants threw
a series of maximal effort fastballs to a catcher located at the
regulation distance from the pitching mound. Only those
data from the fastest pitch passing through the strike zone
were analyzed (10,21). Descriptive statistics were used to
quantify the muscle activations by examining normalized
surface EMG (sEMG) data as the average percent of
maximum voluntary isometric contractions throughout the
different phases of the windmill softball pitch.

Subjects

Seven female postpubescent softball pitchers (age 17.7 6 2.6
years; height 169 6 5.4 cm; mass 69.1 6 5.4 kg) regardless of
throwing arm dominance volunteered to participate in this
study. All participants had recently completed their compet-
itive spring softball seasons and were thus deemed appropri-
ately conditioned for competition. Additional criterion for
participation included recommendation from their respective
coaching staff, multiple years (up through the current season)
of pitching experience, and freedom from injury throughout
the current softball season.

Data collection sessions were conducted indoors at the
University of Arkansas Health, Physical Education, and
Recreation building and were designed to best simulate
a competitive setting. All testing protocols used in this study
were approved by the University of Arkansas Institutional
Review Board and before participation the approved
procedures, risks, and benefits were explained to all
participants and their parents who then signed the appro-
priate paperwork to provide consent for testing.

Procedures

Participants reported for testing before engaging in resistance
training or any vigorous activity that day. Location of the
3 upper extremity muscles (biceps, triceps, and rhomboids
[scapular stabilizers]) and 2 lower extremity muscles (gluteus

maximus and medius) were
identified through palpation.
Before testing, the identified
locations for surface electrode
placement were shaved,
abraded and cleaned using
standard medical alcohol
swabs. Subsequent to surface
preparation, adhesive 3M Red-
Dot bipolar surface electrodes
(3M, St. Paul, MN, USA) were
attached over the muscle bellies
and positioned parallel to mus-
cle fibers using techniques de-
scribed by Basmajian and
Deluca (3). In this study,

TABLE 1. Phases of the Windmill Softball Pitch

Phase Description of motion

1. From windup to 6 o’clock; first ball motion forward to 6 o’clock
2. From 6 o’clock to 3 o’clock; body weight is on ipsilateral leg,

trunk is squared toward the batter; arm is elevating to 90�
3. From 3 o’clock to 12 o’clock; transfer of body weight forward; trunk

open up to third base; arm reached 180� of elevation
4. From 12 o’clock to 9 o’clock; trunk is open to third base;

stride foot plant occurs
5. From 9 o’clock to ball release; trunk closes to square

with the batter; all weight transferred to stride leg
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the selected interelectrode distance was 25 mm (9). Surface
electrodes were chosen because they have been deemed to
be a noninvasive technique that is able to reliably detect
surface muscle activity (3,9,11).

To transmit sEMG data to The MotionMonitorTM motion
capture system (Innovative Sports Training Inc, Chicago, IL,
USA), a Myopac Jr 10-channel amplifier (RUN Technologies
Scientific Systems, Laguna Hills, CA, USA) with a common
mode rejection ratio equal to 90 dB and set at a gain of 2,000
was employed. Throughout all testing, sEMG data were
sampled at a rate equal to 1,000 Hz. Filtering of all sEMG
data was completed using standard band-pass filtering
techniques with band-pass filters set at cutoffs of 20 and
350 Hz, respectively. In addition, all sEMG data were notch
filtered at frequencies of 59.5 and 60.5 Hz, respectively (5). All
sEMG amplitudes were normalized to the MVIC obtained
from manual muscle testing (MMT).

Once all electrodes had been secured, 3 MMTs were
conducted for each muscle. The MMTs were conducted
using techniques described by Kendall et al. (11). For example,
the biceps muscle was tested with participants in a seated
position, with their elbow slightly flexed at less than a right
angle with forearm supinated. The investigators then placed
1 hand under the participant’s elbow for support and applied
pressure with their other hand against the participant’s distal
forearm just proximal to the wrist in the direction of
extension. The participant was instructed to resist the
extension pressure applied by the investigator. All MMTs
consisted of a 5-second isometric contraction for each
muscle, with the first and last seconds of each contraction
removed so as to obtain steady-state results. Each MMT was
conducted to establish baseline readings for the participant’s
maximum voluntary isometric contraction (MVIC). All
sEMG data were presented as a percent of the participant’s
MVIC. Before performing the MMTs, the approved testing
protocol was explained to all participants to ensure their full
understanding.

In addition to sEMG data, kinematic data were also
collected in an attempt to identify the different phases of the
pitch. Kinematic data were collected using The MotionMo-
nitorTM motion capture system (Innovative Sports Training).
Before completing test trials, participants had a series of 6-
degrees-of-freedom electromagnetic sensors (Flock of Birds,
Ascension Technologies Inc, Burlington, VT, USA) attached
to their thorax, sacrum, distal throwing forearm, right and left
mid-humerus, and right and left midshank. Sensors were
affixed using double-sided tape and then wrapped using
flexible hypoallergenic athletic tape. After the attachment of
the electromagnetic sensors, a third sensor was attached to
a stylus and used to digitize the palpated position of various
bony landmarks (16). To accurately digitize the selected bony
landmarks, participants stood in the neutral anatomical
position while digitization was being completed. A segment
link model was developed through digitization of joint
centers of the ankle, knee, hip, shoulder, T12-L1, and C7-T1.

The spinal column was defined as the digitized space
between the associated spinous processes, whereas the ankle
and knee were defined as the midpoints of the digitized
medial and lateral malleoli, medial and lateral femoral
condyle, respectively. The hip and shoulder joint centers
were defined by virtue of the least-squares method (14).

Throwing kinematics for right-handed participants were
calculated using the standards and conventions for reporting
joint motion recommended by the International Shoulder
Group of the International Society of Biomechanics recom-
mendations (25,26). Raw data describing sensor orientation
and position were transformed to locally based coordinate
systems for each of the respective body segments. Euler angle
decomposition sequences were used to describe the position
and orientation of both the pelvis and trunk relative to the
global coordinate system (25,26). The use of these rotational
sequences allowed the data to be described in a manner that
most closely represented the clinical definitions for the
movements reported (25). Throwing kinematics for left-
handed participants were calculated using the same con-
ventions; however, it was necessary to mirror the world
z-axis so that all movements could be calculated, analyzed,
and described from a right hand point of view (26). Before the
conduction of test trials, the space in which the participants
were to throw was calibrated using the following protocol:
The origin of the world axis system was located on a wooden
platform located 25.4 cm from the extended range trans-
mitter used to generate the electromagnetic field. The
orientation of the world axis system extended from the center
of the pitching rubber toward the center of home plate; the
world y-axis extended was orthogonal to the x-axis and
extended vertically from the center of the pitching rubber
(26). The world z-axis was orthogonal to both x and y axes,
directed laterally to the right. To calibrate the space,
a wooden stylus was attached to an electromagnetic sensor
and placed at the world axis system origin, 15 cm from the
origin along both the x and z axes, and at one random
position above the origin per manufacturer recommenda-
tions. After the establishment and calibration of the world
axes, the root mean square error in calculating the 3-
dimensional location of markers within the calibrated space
was determined to be ,20 mm.

Once all initial setup and pretesting had been completed,
participants were allotted an unlimited time to warm-up.
Participants were allowed to perform their own specified
precompetition warm-up routine and were asked to spend the
latter portion of that warm-up time throwing from the indoor
pitching surface to be used during the test trials. After
completing their warm-up and gaining familiarity with the
pitching surface, each participant threw a series of maximal
effort fastballs for strikes using an official softball (12 in.
circumference, 6 oz) to a catcher located the regulation
distance from the pitching mound (12.2 m). A total of 5 trials
were recorded after they were deemed a successful strike and
between trials, pitchers were allowed a 40- to 60-second rest
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period to best simulate a game situation. For this study, those
data from the fastest pitch passing through the strike zone
were selected for detailed analysis (10,21).

Statistical Analyses

Statistical analyses were performed using SPSS 15.0 for
Windows. Mean and SD of the normalized sEMG data were
examined for each muscle’s percent of their MVIC.

RESULTS

Gluteus maximus activity was highest during phase 1 of the
windup (196.3% MVIC) where there is stabilization of the
pelvis in preparation for the striding of the contralateral leg
with the second highest activity occurring at stride foot plant
during phase 4 (180.1% MVIC). Gluteus medius activity was
consistent during the single leg support phases 3 and 4
(101.2 and 93.2% MVIC, respectively). Biceps brachii activity
was greatest during phase 4 with the second highest occurring
at phase 5 (73.2% MVIC). Triceps brachii activities were
consistently .150% MVIC throughout the entire pitching
motion, whereas the scapular stabilizers were most active
during phase 2 (170.1% MVIC). The results are graphically
summarized in Figure 1.

DISCUSSION

The windup or phase 1 displayed greater muscle activity in the
gluteus maximus than any of the upper extremity muscles.
During the windup, there is a weight shift; thus, activation of
the gluteals is required. During the stride motion of Phase 2,
the gluteus medius acted to stabilize and generate torque
of the pelvis. In addition during forward arm flexion to 90,
the rhomboids had increased their firing in attempt to stabilize
the scapula throughout arm elevation in the scapular plane.

The gluteal muscles provide pelvic stabilization when on the
single leg support. Pelvic stabilization during phase 2 is
important in an attempt to efficiently transfer energy up the
kinetic chain from the hips to the pelvis to the scapula to the
shoulder, elbow and on to the wrist and hand. This premise
follows the notion of the legs and trunk providing 51–55% of
the total kinetic energy in upper extremity activities (12).

In addition, when referring to the increased muscle
activation of the scapular stabilizers during phase 2, previous
investigations have noted, that before fatigue, overhead
throwers have increased upward rotation of the scapula
compared to nonoverhead throwers, indicating altered
movement of the scapula (16). However, in a separate
investigation, after pitching a simulated game, the scapula
exhibited decreased upward rotation and external rotation
(4); after a swimming event, investigators noted similar
findings in altered scapular motion (22). An unstable scapula
or inefficient movement of the scapula during such a dynamic
movement would predispose the glenohumeral joint to
migrate superiorly, which is associated with impingement
syndrome (6). Scapular movement during the pitching
motion allows for elevation of the acromion; thus, the
scapular stabilizers must efficiently fire in an attempt to rotate
the scapula so that it can clear the acromion for the function
of the rotator cuff musculature.

During phase 3, the activity of the gluteus medius increased,
and where the humerus was not only being elevated but also
externally rotated, the triceps brachii activity remained
consistent. Phase 4 displayed a continuation of the triceps
brachii activity and decreased activation of the scapular
stabilizers. Contrary to baseball mechanics, the biceps brachii
is most active during the acceleration phase during the
windmill softball pitch as compared to the deceleration phase

Figure 1. Mean and SDs (error bars) of muscle activation during the windmill softball pitch.
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(8) during the baseball pitch. In phase 4, when the pitcher is
attempting to ‘‘post’’ for ball delivery on the stride leg during
stride foot plant, the dominant gluteus medius must hold the
dominant hip upright, while the pitcher is balanced on
the stride leg (opposite leg).This stabilization is evident
by the reported gluteus medius activity (Figure 1). During
phase 5, the triceps brachii experienced high activation,
whereas the core musculature of the gluteus maximus and
medius decreased in activation. Throughout phases 1–3, the
rhomboids stayed consistent to stabilize the scapulae, as the
arm was dropping below 90� of elevation. During the motion
of the humerus dropping below 90�, the humerus was also
internally rotating and the rhomboids were exhibiting
a decrease in activity. Future investigations with a larger
sample size may look into the differences and relationships
between experience level and muscular activation through-
out the phases.

When discussing pitching, 2 major differences between
baseball and softball are apparent. The main differences are
(1) how the pitchers are managed and (2) the pitching surface
from which the pitchers throw (24). In baseball, the pitchers
throw from a mound that allows gravity to assist with the
movement, whereas in softball, pitchers throw from a level
surface without the assistance of gravity. It has been reported
that peak ground reaction forces in windmill pitchers are
similar to those of baseball pitchers with some instances of
windmill pitchers reporting higher ground reaction forces
(23). We can speculate that the greater ground reaction forces
reported in windmill pitchers are because of the posting of
the plant leg during phase 4 of the pitching cycle and
throughout ball release. Although posting occurs throughout
the final phases of the pitching cycle, the element of balance
is required. The dominant gluteus medius displays great
activity during this time, as does the gluteus maximus.
Gluteal muscle activity on the dominant side represents an
attempt to stabilize the pelvis while on single leg support.
This notion of pelvic stabilization while on single leg support
is essentially the Trendelenburg effect representing the action
of the gluteus medius (11).

We were able to quantify and describe muscle activation for
the upper and lower extremities during the windmill softball
pitch in postpubescent girls. It should be noted that our
sample size was small; however, the protocol performed has
been previously validated (11,20) and the investigator,
a certified athletic trainer, was sufficiently trained in sEMG
data collection. Further investigations need to not only
address a different population group, such as prepubescent or
professional, but also examine the activation of the scapular
stabilizers. The data in this study revealed that the scapular
stabilizers were most active during phases 1–3 of the pitching
motion. It is the scapular stabilizers that allow for efficient
movement of the scapula. During the pitching motion, from
the start of the pitch to the arm reaching the 12 o’clock
position, the muscles surrounding the scapula allow for
elevation of the acromion in an attempt to allow the humerus

to reach full range of motion. Because this is the only
investigation of our knowledge looking at the rhomboids or
scapular stabilizers throughout the windmill softball pitch,
we are not able to specifically define the functionality
throughout the windmill pitch. However, based on our
participants, we were able to generalize the muscle activation
pattern of the scapular stabilizers.

In addition, further investigations are needed on the
implications of the lower extremity and the pitching motion.
An investigation of both dominant and nondominant lower
extremity and core musculature would provide an insight into the
dynamic balance required to perform the windmill softball pitch.

PRACTICAL APPLICATIONS

Softball pitchers throw thousands of pitches throughout their
career, and this increases their risk of sustaining an overuse
injury in both the upper and lower extremities. The
knowledge of muscle activations during the windmill pitching
motion provides a premise for prevention and rehabilitative
programs for those clinicians working with windmill softball
pitchers. Athletic trainers, physical therapists, and coaches
now have a qualitative description of the muscle activation
patterns required to pitch. In addition, clinicians should
incorporate strengthening exercises that mimic the timing of
maximal muscle activation most used during the pitching
phase. Example, if the scapular stabilizers are most activated
from the 6 o’clock to 3 o’clock phase then rehabilitations
exercises should be performed in those phase positions. Or if
one was trying to rehabilitate a windmill softball pitcher with
biceps tendonitis, focus should be on conditioning from just
before 9 o’clock and throughout the follow through.
In addition, there is a need for core strengthening to help
properly transfer energy to decrease the stress placed on the
shoulder when performing a successful pitch. Core strength-
ening should focus on gluteal activations and on trunk
rotational activities.
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