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This article reviews the results of studies using electromyographic recordings to 
determine muscle function during athletic activities. Electromyographic record
ings were synchronized with high-speed film to provide information on shoulder 
muscle firing patterns during baseball pitching, swimming, tennis, and golf. The 
information obtained about the contributions of specific muscles during these 
activities may be useful in developing effective injury prevention and rehabilitation 
strategies. 
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Electromyographic recordings of muscle action during ath
letic activities can provide valuable insights into performance 
requirements, injury prevention, and rehabilitative strategies. 
The shoulder and arm musculature is responsible for the 
propulsion of the hand or an object held in the hand and for 
the protection of the tissues. The actions specific to racket 
sports, throwing sports, and water sports all have an initial or 
windup stage, an acceleration stage, and a follow-through 
stage. The muscles propel the arm through an arc of motion, 
usually to the limits of passive mobility. The final stage 
requires that the muscles protect the tissues from the momen
tum generated during the acceleration stage. 

Muscle function can be determined using EMG recordings 
synchronized with film of specific activities. The information 
presented in this article was obtained using 50-/µm dual-wire 
electrodes inserted into the muscles of interest (Fig. 1). After 
exiting the skin, the electrode wires were connected to ground 
plates attached to the subject. The EMG signals then were 
cabled to an FM-FM telemetry unit worn around the subject's 
waist. In this unit, the EMG signal from each muscle was 
amplified by a factor of 1,000 and used to modulate a preset 
frequency of the unit's oscillator. The modulated signals from 
a maximum of four muscles were summed, and the composite 
signal was transmitted to the recording console. The EMG 
signal then was demodulated into muscle-specific compo
nents. Each muscle's EMG activity was recorded on a separate 
channel of an analog tape recorder. 

The EMG data were subjected to an analog-to-digital trans
formation by sampling each muscle signal 2,500 times per 
second and organizing these data into 50 groups of normalized 
values per second. These 50 normalized values represented a 
smoothed, nondistorted average of the EMG activity, which 
could have a maximum frequency of 1,000 c/sec but whose 

clinical significance could be determined by a more manage
able sample size. 

The subjects were filmed with high-speed cameras. Pulses 
from the cameras (frame marks) were recorded on the film 
and by the analog tape recorder used to store the EMG data. 
This method preserved time synchronization of the film and 
EMG records. After the film was processed, the frame marks 
corresponding to the beginning and ending of specified phases 
of the athletic activity (ie, acceleration vs follow-through) 
were identified from the film. These frame marks then were 
used to subdivide the processed EMG data into the desired 
phases of athletic activity. 

The purpose of this article is to review the results of EMG 
studies done to determine muscle function during specific 
athletic activities. Data and results from pitching studies were 
gathered from the compilation presented in the report of 
Gowan et al.1 Information about swimming is derived from 
the work of Nuber et al.2 Discussion of the biomechanics of 
tennis was based on unpublished research (J. McCormick, F. 
W. Jobe, D. J. Antonelli, and D. R. Moynes, June 1985). 
Results of study of the golf swing were derived from the report 
of Jobe et al.3 

PITCHING 
Pitching has been studied more extensively than any other 

sport activity, and the amount of information presented re
flects this emphasis. Pitching a baseball is a complex physical 
act, starting with involvement from the lower extremities and 
continuing up to the trunk, shoulder, elbow, wrist, and fingers. 
A professional pitcher can throw a baseball accurately and 
repetitively with consistently high velocity because his muscle 
activities are coordinated finely through training. The posi
tioning of the shoulder and upper extremity in space is 
important in determining how much energy can be imparted 
to the baseball. The efficient, selective use of certain muscles 
during this activity will determine the quality of the pitch. 

Pitching may be divided into four stages4 (Fig. 2): 
1. "Windup" or "preparation" is the preliminary activity 

dominated by upper extremity flexion with both hands 
holding the ball. 
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Fig. 1. Tennis player with EMG transmitter pack, ground plates, 
and electrode wires in place. 

2. "Cocking" is a period of shoulder abduction and lateral 
(external) rotation that begins as the ball is released from 
the nondominant hand and ends when maximum lateral 
rotation at the shoulder is attained. Contact of the forward 
foot divides this stage into "early" and "late" phases. 

3. "Acceleration" begins with the posture of maximum ab
duction and lateral rotation at the shoulder and continues 
until the ball is released. 

4. "Follow-through" is the final interval of arm motion. This 
stage is subdivided further by the point of maximum hu
meral medial (internal) rotation into early and late phases. 

Windup or Preparation 

The windup or preparation stage is highly individual and 
varies a great deal from pitcher to pitcher. 

Cocking 

During the early phase of the cocking stage, the pitcher 
achieves a hand-and-ball position that is as far back as possi
ble. The scapula is retracted; the elbow is flexed; and the 
humerus is abducted, laterally rotated, and horizontally ex
tended. The body simultaneously is propelled forward by the 
lower extemities, leaving the arm and hand behind. During 
the late phase of cocking, the dominant side of the trunk 
rotates forward as horizontal protraction of the scapula is 

initiated, providing a forward propulsive platform for the 
humerus. Concurrently, the humerus flexes forward in the 
horizontal plane and rotates laterally. 

Maximum lateral rotation at 90 degrees of abduction, which 
occurs at the end of the late phase of the cocking stage, is 
limited by the passive restraints of the glenohumeral capsule 
and ligaments, the most important being the inferior gleno
humeral ligament.5,6 These initial restraints are supported by 
the activity of the forward flexor and medial rotator muscles 
of the humerus (the subscapularis, pectoralis major, and 
latissimus dorsi muscles) and the reciprocal inhibition of the 
lateral rotators (the supraspinatus, infraspinatus, and teres 
minor muscles). 

Acceleration 

Acceleration starts with maximum lateral rotation and is 
an explosive, brief stage. The scapula continues in forward 
protraction, and the humerus is in horizontal forward flexion. 
In addition to this motion initiated during the late phase of 
cocking, active humeral medial rotation and elbow extension 
occur. The center of gravity of the body continues to shift 
forward rapidly. 

Follow-through 

Follow-through occurs after the ball is released and can be 
divided into early and late phases using maximum medial 
rotation of the humerus as an event marker. The early phase 
of follow-through, similar to the acceleration stage, is a brief 
phase completed in less than 0.1 second. After maximum 
medial rotation of the humerus, a small amount of recoil in 
lateral rotation occurs, followed by adduction of the humerus 
across the front of the body. Trunk rotation and scapular 
motion initiated in the late phase of cocking and diminished 
during acceleration are completed in the late phase of follow-
through. As in the preparation stage, this stage tends to be 
variable, depending on the techniques of the individual pitch
ers. 

Jobe et al found that the deltoid muscles in both amateur 
and professional athletes who participated in their study dem
onstrated moderately strong activity during the early phase of 
cocking and minimal activity during the late phase of cocking 
and acceleration.7 This pattern of muscle activity primarily 
appeared to be responsible for the active abduction of the 
shoulder. These muscles also demonstrated moderately strong 
activity during the follow-through. 

In a study by Gowan et al, the supraspinatus muscle assisted 
the deltoid muscles in shoulder abduction during the early 
phase of cocking with moderately strong activity.1 Unlike the 
activity of the deltoid muscles, however, the supraspinatus 
muscle activity increased in the late phase of cocking. The 
intensity of its activity then subsided during acceleration to a 
moderate level but increased slightly during follow-through. 
During the late phase of cocking and acceleration, however, 
some differences were seen between the muscle activity of the 
professional and amateur athletes; the professionals had mod
erate to minimal muscle activity, and the amateurs had 
marked to moderately strong muscle activity. 

Activity in the infraspinatus muscle was moderate during 
the early phase of cocking with shoulder abduction and 
marked during the late phase of cocking with maximum 
lateral rotation of the humerus. This intensity decreased to 
moderate levels during acceleration, with the professional 
athletes exhibiting minimal muscle activity, whereas the am-
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Fig. 2. Stages of the pitch (from left to right): windup, cocking, acceleration, follow-through. (Reprinted with permission: Jobe FW, Ling B: The 
shoulder in sports. In Post M [ed]: The Shoulder: Surgical and Nonsurgical Management, ed 2. Philadelphia, PA, Lea & Febiger, 1986.) 

ateur athletes had stronger muscle activity. The amateur and 
professional athletes demonstrated little difference during fol
low-through, with moderately strong activity of the lateral 
rotators to decelerate the arm. 

The upper trapezius muscle showed minimal activity during 
the early phase of cocking, and the scapula retracted as the 
deltoid muscles were abducting the humerus. The upper 
trapezius muscle activity continued minimally through the 
late phase of cocking and acceleration. Marked activity oc
curred during follow-through with deceleration of the shoul
der girdle activity. 

The biceps brachii muscle tended to demonstrate its peak 
activity among all subjects during flexion of the elbow in the 
late phase of cocking. The intensity of the biceps brachii 
muscle activity was much greater throughout the entire pitch 
among the amateur athletes than among the professionals. 
The amateur athletes had moderate to marked muscle activity 
during the early phase of cocking and acceleration with 
marked activity during the late phase of cocking and follow-
through. The professional athletes had minimal muscle activ
ity during all phases except in late cocking, in which they 
showed moderate muscle activity. 

The activity of the serratus anterior and pectoralis major 
muscles of the amateur athletes was similar to that observed 
in professional pitchers. The clavicular head of the pectoralis 
major muscle and the serratus anterior muscle had their 
greatest activity during the late phase of cocking just before 
maximum lateral rotation. This strong activity continued 
throughout acceleration with horizontal forward flexion of 
the humerus and protraction of the scapula. 

The subscapularis muscle demonstrated minimal activity 
during shoulder abduction in the early phase of cocking. 
Muscle activity then increased to maximum levels during the 
late phase of cocking and acceleration with the initiation of 
horizontal forward flexion followed by vigorous medial rota
tion of the humerus. This activity was stronger in the profes
sional athletes than in the amateurs. 

The latissimus dorsi muscle contributed to medial rotation 
of the humerus during acceleration, especially among the 
professional pitchers, with only minimal activity among the 
amateurs. It also demonstrated strong activity among the 
professionals during the early and late phases of follow-
through, with continued humeral adduction across the body 

after maximum medial rotation. This activity was moderate 
among the amateur athletes. 

In summary, the muscles can be categorized into two 
groups. The first group included those muscles that laterally 
rotated and abducted the humerus and flexed the elbow to 
position the hand for a maximum forward thrust: the deltoid, 
trapezius, supraspinatus, infraspinatus, teres minor, and bi
ceps brachii muscles. The most activity was demonstrated 
during the early and late phases of cocking, and the least 
activity occurred during acceleration. The second group of 
muscles—the subscapularis, serratus anterior, pectoralis ma
jor, latissimus dorsi, and triceps brachii muscles7—exhibited 
greater activity as the hand and baseball were thrust forward. 
Muscle activity continued into the late phase of the follow-
through with continued adduction of the humerus and pro
traction of the scapula. 

Both the amateur and professional pitchers had similar 
muscle activities during preparation, the early phase of cock
ing, and the follow-through. During preparation, however, 
muscle activity was of low intensity, and the activity that did 
occur was inconsistent among the individual pitchers in both 
groups. During the late phase of cocking, with the start of 
forward shoulder and arm motion, the muscle activity pat
terns began to diverge. This tendency progressed during the 
acceleration stage of the pitch. The muscles in both groups 
demonstrated considerable generalized activity during the 
early phase of the follow-through. 

During the acceleration stage, patterns of muscle activity 
differed considerably between the two groups of muscles. The 
subscapularis muscle tended to fire more strongly among the 
professional athletes than among the amateurs. This pattern 
of muscle activity also was true of the latissimus dorsi muscle. 
The professional pitchers, however, demonstrated selective 
inactivity of the supraspinatus, infraspinatus, and biceps bra
chii muscles, whereas the amateurs continued to use these 
muscles. 

Technically, only those muscles used for elbow extension, 
horizontal forward flexion and medial rotation of the hu
merus, and protraction of the scapula are necessary during 
acceleration. The subscapularis muscle was the only rotator 
cuff muscle used by the professional pitchers during the 
acceleration stage of pitching. The amateur athletes, however, 
tended to use all of the rotator cuff muscles. The proper, 
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coordinated motion of the trunk, shoulder, and elbow by the 
professionals renders the supraspinatus, infraspinatus, teres 
minor, and biceps brachii muscles unnecessary for accelera
tion. 

The biceps brachii muscle acted primarily to flex the elbow 
during pitching, and its greatest level of activity occurred in 
the late phase of cocking. The biceps brachii muscle probably 
does not function as a strong humeral head depressor, partic
ularly among professional pitchers. 

SWIMMING 

The swimming strokes were divided into stages and phases 
by Richardson et al.8 The freestyle stroke was divided into 
two stages: a "pull-through" and a "recovery" stage with three 
phases in each stage. Pull-through was divided into the "hand-
entry," "mid-pull-through," and "end-of-pull-through" 
phases. Recovery was divided into "elbow-lift," "midrecov-
ery," and "hand-entry" phases. The butterfly stroke was di
vided into the same stages and phases as those of the freestyle 
stroke. The breaststroke, the slowest of the strokes, consisted 
of two phases, a "glide" or recovery phase followed by a pull-
through phase. Pull-through in the breaststroke was similar 
to that of the butterfly stroke except that the backward action 
of the hands ended near the line of the shoulder. After this 
point was reached, the arms were flexed, brought to midline, 
and thrust forward in the recovery phase to begin the next 
stroke. 

Dry Land Analysis 

When subjects performed the movements of the freestyle 
stroke out of the water, gravity was the only resistance en
countered.2 Theoretically, gravity affected the recovery stage 
and the last half of pull-through. No resistance should have 
been encountered during hand entry to mid-pull-through. 
The subscapularis muscle generally was active during the 
entire pull-through stage with peak activity occurring during 
mid-pull-through. Minimal or no muscle activity was dem
onstrated during recovery. The biceps brachii muscle was 
inconsistent but evidenced two peaks of activity, one at mid-
recovery and the other at mid-pull-through. In both phases, 
the elbow was flexed to 90 degrees. Activity of the supraspi
natus and infraspinatus muscles was strong and continuous 
throughout all phases except in the last half of the pull-through 
stage in which minimal activity was demonstrated. Peak 
activity was evident during the last half of recovery as the arm 
was moved from 90 degrees of abduction to full abduction. 
Middle deltoid muscle activity was similar to that of the 
supraspinatus and infraspinatus muscles. The clavicular por
tion of the pectoralis major muscle demonstrated minimal 
activity during every phase of the dry land test with its peak 
activity occurring at the initiation of the recovery stage. This 
finding could be related to a lack of resistance during pull-
through. The latissimus dorsi muscle was functional from the 
last quarter of pull-through, ceasing at midrecovery, and its 
most pronounced action was at elbow lift. The serratus ante
rior muscle had the highest level of activity of any muscle, 
with the maximum level of activity achieved during the hand-
entry to mid-pull-through phases before diminishing during 
recovery. 

The arm motion during the butterfly stroke was similar to 
that of the freestyle stroke except that the movement of both 
arms was synchronized. The patterns of activity of the supra
spinatus, infraspinatus, deltoid, serratus anterior, lower tra

pezius, and latissimus dorsi muscles were identical to those of 
the freestyle stroke. Subscapularis muscle function also was 
similar, but its peak activity generally occurred early in the 
pull-through stage. Biceps brachii muscle activity was incon
sistent; it was most active with the elbow in a flexed position 
at midrecovery and mid-pull-through, although the level of 
intensity was low. Activity of the clavicular head of the 
pectoralis major muscle, which peaked during the hand-entry 
and mid-pull-through phases, also was minimal. 

Pool Analysis 

During a study of arm motion of subjects swimming in a 
pool, the average freestyle arm cycle was completed in about 
1.65 seconds per arm; 30% to 35% of the cycle involved the 
recovery stage. In this study, supraspinatus and infraspinatus 
muscle activity was similar. Both muscles were functional 
throughout the entire recovery stage, beginning at elbow lift 
as the shoulder started abduction and lateral rotation and 
terminating when the arm was abducted fully at hand entry. 
The middle deltoid muscle displayed some activity at the 
termination of pull-through and continued activity through 
full recovery as the arm was abducted over the head. 

Serratus anterior muscle function was inconsistent. Al
though it was found to be active during the entire recovery 
stage, most activity in that stage occurred during the elbow-
lift and hand-entry phases. As in the dry land study, peak 
activity occurred during the hand-entry phases of the pull-
through and recovery stages of the stroke. 

Latissimus dorsi muscle function peaked at mid-pull-
through when the shoulder was abducted to 90 degrees and 
the arm was progressing from a laterally rotated position to 
one of medial rotation. Muscle activity occurred throughout 
pull-through, terminating as the arm came to a fully adducted 
and medially rotated position. A few individuals also dem
onstrated a minimal amount of muscle activity at midrecov
ery. The clavicular head of the pectoralis major muscle also 
was active during the pull-through stage, with peaks of activity 
occurring during the beginning and ending phases of pull-
through as medial rotation progressed. Biceps brachii muscle 
function was inconsistent; although low levels of action were 
demonstrated during all phases, a slight increase occurred 
during the hand-entry phase of pull-through as elbow flexion 
began. The subscapularis muscle also was inconsistent. Al
though it generally was active during the beginning and ending 
phases of pull-through, minimal activity occurred at midre
covery when the arm was rotating laterally. 

As in the dry land study, the EMG pattern during the 
butterfly stroke closely resembled that of the freestyle stroke.2 

The stroke cycle was faster than that of the freestyle stroke, 
averaging 1.15 seconds, but again 30% to 35% of the cycle 
involved the recovery phase. As in the freestyle stroke, the 
supraspinatus, infraspinatus, and middle deltoid muscles were 
found to be the most active during the recovery stage, becom
ing inactive at the beginning of the pull-through stage. The 
latissimus dorsi and pectoralis major muscles were active 
predominantly during the pull-through stage, with peak latis
simus dorsi muscle activity occurring at the end-of-pull-
through phase and peak pectoralis major muscle activity 
occurring in the hand-entry phase of pull-through. Trace 
muscle firing was found in the latissimus dorsi muscle in 
midrecovery, as in the freestyle stroke. 

The serratus anterior muscle fired during recovery, as ex
pected, but peak activity occurred slightly earlier than in the 
freestyle stroke, between the midrecovery and hand-entry 
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phases of the recovery stage. Biceps brachii and subscapularis 
muscle activity was inconsistent among subjects during the 
butterfly stroke. Continuous slow activity of the biceps brachii 
muscle was present with some increase at midrecovery and in 
the hand-entry phase of the pull-through. The subscapularis 
muscle showed some activity through the end of recovery and 
throughout the entire pull-through stage. 

For the breaststroke, the average cycle time was 1.38 sec
onds, divided equally between the recovery and pull-through 
phases.2 Recovery phase muscle activity was demonstrated by 
the supraspinatus, infraspinatus, and deltoid muscles. Activity 
of the clavicular head of the pectoralis major muscle occurred 
during both phases, beginning midway through pull-through 
and continuing throughout the recovery phase. Latissimus 
dorsi muscle function was demonstrated during the pull-
through phase with peak activity occurring midway through 
pull-through. The serratus anterior muscle was found to func
tion primarily in the recovery phase, achieving maximum 
activity at the end of the recovery phase and at the beginning 
of the pull-through phase. The subscapularis muscle generally 
was found to be active during the recovery phase, with a trace 
of activity occurring during pull-through. Biceps brachii mus
cle firing was inconsistent. Although low-level activity was 
demonstrated during both phases, no evidence emerged of a 
distinct pattern. 

TENNIS SERVE 
The tennis serve is a complex sequence of muscle activity 

involving the musculature of the legs, trunk, shoulder, and 
remainder of the upper extremity. The function of the first 
half of the serve is to place the racket in a position of readiness 
as the legs and trunk initiate the forces necessary for acceler
ation. During the second half of the serve, these forces are 
transferred through the shoulder, arm, and racket to the ball. 
Deceleration of the racket and upper extremity occurs during 
the final stage of the serve. 

In a study of collegiate tennis players (J. McCormick, F. 
W. Jobe, D. J. Antonelli, D. R. Moynes, unpublished data, 
June 1985), the serve was divided into four stages, which were 
similar to the stages of the pitching motion described by Jobe 
et al4: 
1. "Windup" is the preliminary activity from the start of the 

serve to the release of the ball from the opposite hand. It is 
a period of shoulder extension and early lateral rotation. 

2. "Cocking" starts at the release of the ball from the opposite 
hand and continues to the point at which both shoulders 
are level and the serving shoulder is in maximum lateral 
rotation. This stage primarily involves abduction and lateral 
rotation of the shoulder. 

3. "Acceleration" starts with the initiation of medial rotation 
of the shoulder and continues until the impact of the racket 
with the ball (Fig. 3). 

4. "Follow-through" is the final stage from the impact with 
the ball to the completion of the serve. 

Windup 

The windup stage is characterized by minimal to low muscle 
activity of all eight shoulder girdle muscles tested: the biceps 
brachii, middle deltoid, infraspinatus, supraspinatus, clavic
ular head of the pectoralis major, subscapularis, serratus 
anterior, and latissimus dorsi muscles. The racket is brought 
backward as the shoulder is extended passively by a combi
nation of the weight of the racket and trunk rotation. 

Fig, 3. Acceleration stage of the tennis serve. 

Cocking 
The cocking stage primarily involves shoulder abduction 

and lateral rotation and elbow flexion. Middle deltoid muscle 
function is low during this stage because the abduction is 
performed by trunk rotation with the shoulder extended. The 
posterior deltoid muscle may be important during this stage, 
although it was not tested in this study. The biceps brachii 
muscle activity increases as the elbow is flexed actively. The 
supraspinatus muscle activity increases during this stage, 
probably to stabilize the shoulder. The serratus anterior mus
cle demonstrates increased activity as it rotates and stabilizes 
the scapula. The subscapularis muscle activity also increases 
during the late part of this stage to decelerate the lateral 
rotation in preparation for the acceleration stage. During the 
middle and late parts of this stage, forward acceleration pro
gresses from the legs through the hips and trunk. 

Acceleration 
Acceleration is the shortest stage of the serve, lasting 0.15 

seconds, and is characterized by intense activity of the sub
scapularis, pectoralis major, and latissimus dorsi muscles as 
they medially rotate the shoulder. This burst of activity in 
these three muscles increases the forward momentum already 
developed by the leg and trunk musculature. The serratus 
anterior muscle also has its maximal activity during this stage 
as it stabilizes the scapula against the thoracic cage. The 
activity of the infraspinatus muscle during this stage probably 
assists in stabilizing the humeral head. The biceps brachii 
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Fig. 4. Stages of the golf swing: (A) The address position of takeaway, (B) elevation of the club at the beginning of forward swing, (C) horizontal 
position of the club at the start of the acceleration stage, (D) ball contact initiates follow-through. 

muscle becomes strongly active during the late portion of this 
stage as it decelerates the elbow to prevent hyperextension. 

Follow-through 
Follow-through is a period of moderate to high muscle 

activity in all muscles tested as the racket and upper extremity 
decelerate. The latissimus dorsi muscle is highly active during 
the early portion of this stage, immediately following ball 
impact. Its high level of activity is a continuation of that 
attained during acceleration, but the level of activity decreases 
quickly as the follow-through stage progresses. The activity of 
the subscapularis and pectoralis major muscles is more vari
able, although both have a high level of activity in the early 
part of the stage as they continue to contract after impact 
with the ball. 

GOLF SWING 

To understand the shoulder muscle activity during the golf 
swing, we recorded the activity of the subscapularis; supraspi
n a l ; infraspinatus; clavicular head of the pectoralis major; 
latissimus dorsi; and anterior, middle, and posterior deltoid 

muscles.9 Each swing was divided into four stages (Fig. 4): 

1. "Takeaway" starts at the beginning of motion in the "ad-
dress-the-ball" position and continues to the end of the 
backswing. 

2. "Forward swing" starts at the end of the backswing and 
continues until the club again becomes horizontal. 

3. "Acceleration" begins at the point at which the club is 
horizontal and continues until ball contact. 

4. "Follow-through" is the final stage from ball contact to the 
end of motion. 

Monitoring professional golfers during takeaway on the left 
side showed a minimal to low level of activity for all muscles 
tested except the subscapularis muscle, which showed marked 
activity. During left side forward swing, subscapularis and 
latissimus dorsi muscle activity was moderate. The pectoralis 
major, latissimus dorsi, and subscapularis muscles fired at a 
high level during the acceleration phase immediately before 
contact with the ball. The subscapularis muscle maintained 
this level of activity into follow-through, and the pectoralis 
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major and latissimus dorsi muscles subsided to moderate 
levels. Infraspinatus muscle activity on the left side increased 
to the moderate level during follow-through. All other muscles 
exhibited a minimal to low level of activity. 

On the right side during takeaway, moderate activity in the 
supraspinatus muscle and low to minimal activity in all other 
muscles occurred. After the forward swing began, the supra
spinatus muscle activity diminished to the low level at which 
the other rotator cuff muscles were firing; all deltoid muscle 
segments were firing at a minimal level. The pectoralis major 
muscle then exhibited a marked increase of activity, and the 
subscapularis and latissimus dorsi muscles began firing at a 
moderate level. During the acceleration stage, the increased 
activity levels of the latissimus dorsi and pectoralis major 
muscles combined with that of the subscapularis muscle to 
provide the power to propel the ball. A consistent, marked 
level of activity was demonstrated in these three muscles 
during follow-through, whereas low-level activity occurred in 
the supraspinatus, infraspinatus, and anterior deltoid muscles, 
and minimal activity occurred in the posterior and middle 
deltoid muscles. 

Note that the deltoid muscles contributed minimal output 
bilaterally to the swing. Few upper extremity sports involve 
such a relationship of deltoid muscle quiescence and rotator 
cuff muscle activity. This relationship may be explained by 
the limited elevation of the arm in the golf swing, as compared 
with arm elevation during pitching, swimming, or the tennis 
serve, for example. Our study results seem to emphasize the 
point that, although the deltoid muscle is the prime mover of 
the arm and can function independently to accomplish ele
vation when sufficiently strengthened,10 rotator cuff muscle 
action is dictated by motion demands and is not in obligatory 
synergy with the deltoid muscle. The rotator cuff muscles 
must be strengthened specifically to prevent supplantation by 
the more dominant deltoid muscle. 

Unlike other upper extremity sports, golf does not present 
extreme range-of-motion requirements. In general, elevation 
is less than 90 degrees until follow-through, and the limits 
reached in rotation are considerably less than in those other 
sports. Attention should be directed to strengthening the 
rotator cuff muscles within the limited ROM in which they 
are used in the sport. Attaining strength at the physiologic 
limits of motion may be less important for golfers than for 
other athletes. The timing of the latissimus dorsi and pecto
ralis major muscle activity in golf is similar to that seen in 
throwing7 and tennis; that is, during the acceleration stage, 
these muscles drive the club toward its maximum velocity 
just before impact with the ball. 

Golf, hitherto, has not been considered a vigorous athletic 
activity, and its practitioners have not been accorded the kind 
of intense preplay training scrutiny often given to other ath
letes. The conditioning, warmup, and flexibility exercises that 
precede the performance of other sports usually are absent in 
the preplay regimens of both amateur and professional golfers. 
In addition, golfers tend to be older and more at risk for 
rotator cuff muscle tears than other types of athletes. 

Traditional muscle strengthening programs include various 
exercises for the shoulder, almost all of which emphasize 
orthogonal motions in abduction and flexion.11 Until recently, 
little attention, if any, was paid to strengthening the rotator 
cuff musculature. A growing understanding of the function 
of these muscles during athletic activity has led to the addition 
of rotator cuff muscle exercises to sport-specific training reg
imens. 

CONCLUSION 

Understanding the contributions of specific muscles to the 
various athletic activities is an important step in the design of 
effective preventive and rehabilitative regimens. Electromyog
raphy can be used to increase our knowledge of muscle 
function during specific athletic activities. 
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