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ABSTRACT

This study examined whether an upper body strength train-
ing program would reduce pain levels in intercollegiate base-
ball players following an intense throwing session. Nineteen
varsity players, ages 18 to 22, volunteered for the study as
part of their preseason fall practice. Eleven were randomly
assigned to the training group and 8 to the control group. Af-
ter 8 weeks of strength training for the training group, both
groups participated in a maximal throwing session followed
by pain measurements for the elbow and shoulder recorded
with a 10-cm visual analog scale. Pain levels were measured
in the elbow and shoulder area at 24, 48, and 72 hours follow-
ing the maximal throwing session. There were significant (p
< 0.05) differences for groups at the 24-, 48-, and 72-hr time
intervals with regard to mean shoulder pain, but no signifi-
cant differences with reference to elbow pain levels. Future
research should focus on in-season training programs and
the effect of actual game situations on pain levels.
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Introduction

Injuries to the shoulder and elbow are common in sports
that involve throwing (12, 16, 17). Shoulder injuries are
reported to be the most common baseball injury, ac-
counting for 19% of the injuries (24), while the elbow
sustains 8% of the reported injuries. Most physicians,
physical therapists, and coaches agree that the nature
of the repetitive eccentric contractions of the rotator cuff
and biceps during the deceleration/follow-through
phase of a pitch is the primary reason for the high num-
ber of injuries to these areas (23).

Several studies have investigated the concentric
strength of the arm musculature in baseball pitchers (1,
3, 5, 13, 15, 31, 36), but there has been little or no re-
search on eccentric arm strength. Concentric strength is
important during the acceleration phase of the deliv-
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ery. However, it is the eccentric strength required dur-
ing the deceleration/ follow-through phase that may be
most critical in preventing injury (23). Thus the strength
training program designed for the current study, spe-
cifically looking at the influence of the upper body, fo-
cused on isolated eccentric as well as concentric train-
ing. Isolated eccentric training refers here to eccentric
repetitions performed after a spotter has assisted the
lifter through the concentric phase of the exercise. The
procedure is detailed in the Methods section.

Shoulder injuries are common for both competi-
tive and noncompetitive athletes (7, 25-27). A frequent
site of injury due to throwing is the rotator cuff com-
plex (7, 20, 33). McLeod and Andrews (22) reviewed
shoulder injuries in baseball players and found that 68%
(122 of 178) involved the rotator cuff complex.

Jobe et al. (17) demonstrated that the most intense
activity of the rotator cuff muscles occurs during the
deceleration/ follow-through phase of throwing. This
activity places large stresses on the posterior area of the
complex in order to slow the angular velocity of the arm.
During the deceleration/ follow-through phase, the sub-
scapularis fires concentrically to internally rotate the hu-
merus while the infraspinatus, supraspinatus, and teres
minor fire eccentrically (17). The eccentric contraction
of the three posterior muscles of the rotator cuff com-
plex is an attempt to stabilize the head of the humerus
in the glenoid fossa to prevent subluxation (39).

Sports related overuse injuries of the elbow occur
most often in persons involved in throwing and racket
sports. The long head of the biceps is of particular con-
cern in elbow problems because of this muscle group’s
involvement in both the acceleration and deceleration/
follow-through phases of throwing (2). During the early
acceleration phase there is a tremendous amount of
valgus stress to the elbow as the body rotates ahead of
the trailing upper limb (11, 37). In an attempt to coun-
teract the valgus stress produced during acceleration,
the flexor-pronator muscles of the forearm become ac-
tive in stabilizing the medial elbow. Additionally, the
biceps are subjected to eccentric forces required to slow
the rapid extension of the elbow following the release
of the baseball. This can lead to a condition referred to



as biceps overload and occurs as a result of elbow ec-
centric deceleration.

The theory behind having a progressive strength
training program for baseball players, one that incor-
porates the use of eccentric training, parallels the find-
ings of others involved in studying eccentric muscle
damage (6, 8, 9, 28, 29). Following initial bouts of eccen-
tric exercise, a phenomenon known as the “repeated
bout effect” occurs; this effect helps to promote a faster
recovery from subsequent bouts of eccentric contrac-
tions. The results of these studies suggest that recovery
of strength and range of motion is significantly faster
than that found after the first bout, there is less sore-
ness, and muscle protein increases in the blood are ex-
tremely blunted (9, 28, 29).

The purpose of the current study was to measure
the specific influence that an upper body strength train-
ing program employing isolated eccentric training
would have on shoulder and elbow pain 24, 48, and 72
hours following a maximal-effort throwing session in
intercollegiate baseball players.

Methods

Subjects

Nineteen male intercollegiate baseball players were se-
lected using nonrandom convenience sampling to par-
ticipate in the study. Eleven players were randomly as-
signed to the experimental group and 8 were randomly
assigned to the control group. The players were 18 to
22 years of age and none had reported any significant
arm injuries from the previous season. Procedures for
the study were explained and informed consent was
obtained from each subject. The study received full ap-
proval from the college’s institutional review board.

Testing Equipment and Measurement Instrument
Equipment and facilities needed for the study included
a 10-cm visual analogue scale (VAS), 5 Wilson A1001
NCAA baseballs, Cybex weight training equipment,
Nautilus weight training equipment, free weights, the
college’s indoor baseball facility, and the college’s
weight training facility. The baseball facility was the site
for each player’s maximal throwing session. The facil-
ity contains 200 ft of netting, hung from the ceiling to
the astroturf surface, thus eliminating the need for a
catcher.

Pain was evaluated with the use of a linear VAS
(10-cm). Visual analogue scales have been reported to
be valid and reliable measures for gathering data with
reference to perceived levels of pain (4, 14, 18, 21, 30, 34,
35, 38). The 10-cm scale consisted of two written de-
scriptions of pain levels, one at each end of the scale.
The 0-cm mark at the far left indicated “no pain at all”;
the 10-cm mark at the far right of the scale indicated
“worst pain ever experienced.”

Each player responded to a total of 8 scales, 4 for
the shoulder and 4 for the elbow. The first 2 scales rep-
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resented the initial or baseline level of pain in both areas
of the arm prior to the max-effort throwing session. The
remaining 6 scales measured levels of pain in the elbow
and shoulder of the throwing arm at intervals of 24, 48,
and 72 hours following the throwing session. Each scale
was accompanied by the following instructions:

1. Draw a line intersecting the scale at the point that
reflects your current level of pain in the back of the
shoulder or rotator cuff.

2. Draw a line intersecting the scale at the point that
reflects your current level of pain in the area of the
inner elbow.

A member of the research team helped each player lo-
cate both areas of the arm under question for measur-
ing levels of pain. Also, each player was instructed not
to refer back to any previous markings on scales when
responding to subsequent scales.

Treatment Protocol

The experimental group participated in an 8-week su-
pervised strength training program consisting of 11 ex-
ercises. The control group received no training. Each
week consisted of 4 days of training (Mon., Tues., Thurs.,
Fri.). Six exercises were performed every Monday and
Thursday, and 5 exercises were performed every Tues-
day and Friday. Proper warm-up and stretching pre-
ceded any weight training. In addition, both groups
were required to adhere to a throwing program 3 times
a week consisting of 15 minutes of long tosses at a dis-
tance of approximately 76 m and 20 to 25 max-effort
throws at a distance of 27 m.

Strength measurements were taken in both groups
for all 11 exercises during Weeks 1 and 8 in an effort to
associate strength gains with decreased levels of shoul-
der and elbow pain. As part of the post hoc data, sub-
ject compliance rates were recorded for both the strength
training program and the weekly throwing prescription
designed to keep the throwing arm in shape through-
out the study.

All 11 exercises involved a combination of Cybex
(C), including the cable pulley system (CP), Nautilus
(N), and free-weight (F) equipment. Exercises incorpo-
rated in the current strength training program on Mon-
day and Thursday included the flat bench press (F), tri-
ceps extension (N), upper lat pulldown (C), biceps curl
(F), lateral row (C), and shoulder press (F). The 5 exer-
cises performed on Tuesday and Friday all involved the
cable pulley (CP) system: internal and external shoul-
der rotation, horizontal shoulder abduction and adduc-
tion, and shoulder extension. The CP system allowed
subjects to exercise through the optimal range of mo-
tion for the 5 shoulder exercises on Tuesday and Fri-
day; it also allowed for excellent positioning for com-
pleting the eccentric contraction. All 11 exercises were
demonstrated prior to beginning the strength training
program.
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Working in pairs, the subjects performed 3 sets of
10 repetitions maximum (10-RM) for every exercise (2
min rest between sets) during the first week. In Weeks
2 through 8, the 10th repetition of the third set of each
exercise was immediately followed by 5 assisted rep-
etitions. The lifter, due to “momentary muscular fail-
ure” (41), was assisted by his partner through the con-
centric (positive) phase of the exercise and then executed
the isolated eccentric (negative) phase of the exercise
unassisted. Increases in weight for any exercise were
implemented any time the lifter could complete an 11th
repetition of the third set without assistance.

Following the 8-week training program, both groups
disassociated themselves from any weight training or
baseball throwing exercises for 2 days. Afterward, all 19
players reported to the indoor baseball facility, where
baseline pain levels were measured in the elbow and
shoulder of the throwing arm. Each player proceeded to
properly stretch and warm up on his own. The max-
effort throwing session now began with the players,
within a period of 15 minutes or less, being instructed to
throw as hard as possible exactly 60 times into the net-
ting. After cooling down, each player received 6 addi-
tional scales (3 shoulder, 3 elbow) to be filled out at 24,
48, and 72 hours following the throwing session.

Statistical Analysis

The study was set up as an experimental design. Two sepa-
rate 2 X 4 mixed factorial ANOVAs with repeated mea-
sures on test time (baseline, 24 hrs, 48 hrs, 72 hrs), and with
independent treatment groups (experimental vs. control),
were used to determine whether there were mean differ-
ences in elbow and shoulder pain levels. Following a max-
effort throwing session, both groups underwent repeated
measures of perceived pain in the elbow and shoulder ar-
eas of the throwing arm. Because a significant main effect
F- ratio for groups was found with respect to shoulder pain,
a Newman-Keuls analysis was required. Further analysis
of the data suggested there were no significant differences
between groups with reference to elbow pain. Statistical sig-
nificance for all tests was set at p < 0.05.

Results

Descriptive statistics for all 19 subjects with reference
to elbow pain levels can be seen in Table 1, which also
contains the descriptive statistics indicating shoulder
pain levels for both groups. Pain scores were collected
through a visual analogue scale and should be consid-
ered subjective in nature.

No overall significant interaction for group means
was found for either of the 2 X 4 ANOVAs. However, a
significant main effect, F(1,17)=7.35, p <0.05, for groups
did occur, suggesting differences in mean shoulder pain
scores. Subsequently, a Newman-Keuls analysis was
required. Table 2 displays the results of the Newman-
Keuls analysis for main effects which examined mean
group differences for shoulder pain at four time inter-

Table 1
Descriptive Statistics for Elbow Pain and Shoulder Pain
Levels for 19 Subjects in Testing Sample

Variable Mean SD Min Max
Elbow pain
Training (n=11)
Baseline 0.42 0.65 0.00 1.80
24 hrs 1.30 0.92 0.15 2.85
48 hrs 0.75 0.73 0.00 2.10
72 hrs 0.22 0.29 0.00 1.00
Control (n = 8)
Baseline 0.37 0.81 0.00 2.20
24 hrs 1.76 1.84 0.50 5.20
48 hrs 1.50 2.59 0.10 6.80
72 hrs 1.24 2.67 0.10 7.30
Shoulder pain
Training (n = 11)
Baseline 0.25 0.52 0.00 1.70
24 hrs 1.15 1.12 0.00 3.20
48 hrs 0.72 0.81 0.00 2.20
72 hrs 0.24 0.27 0.00 0.95
Control (n = 8)
Baseline 0.53 0.97 0.00 2.75
24 hrs 2.55 2.35 1.50 6.50
48 hrs 2.26 2.66 0.30 7.35
72 hrs 1.44 2.48 0.20 7.20
Table 2

Analysis of Group Mean Differences in Shoulder Pain Levels
Across the Levels of Time (n = 19)

Source ss df ms F P
@ Baseline 0.79 1 0.79 0.34 >0.05
@ 24 hours 19.16 1 19.16 8.12 <0.05
@ 48 hours 19.83 1 19.83 8.40 <0.05
@ 72 hours 10.53 1 10.53 4.46 <0.05
Error within 160.48 68 2.36

F(0.05) (1, 68) = 3.99

vals (baseline and 24, 48, and 72 hrs). There were no
significant differences in shoulder pain at baseline, but
there were significant differences in shoulder pain lev-
els between groups at 24, 48, and 72 hours following
the maximal throwing session. Figure 1 illustrates group
differences for shoulder pain levels across time.

There were no significant differences in mean el-
bow pain between groups at baseline and at 24, 48, and
72 hours. In fact, pain levels in the medial portion of the
elbow for both groups remained rather low across all 4
time intervals. The highest score reported on a 0-to-10
scale for the experimental group at any point was 2.85.
Only one control subject scored over 5 on the VAS. Fig-
ure 2 illustrates group differences for elbow pain levels
across time.
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Figure 1. Interaction chart illustrating group differences
for shoulder pain levels across time intervals.

Elbow pain

2
* strength
+ control

* +\

1

05

0

0 24 43 72

B-Time

Figure 2. Interaction chart illustrating group differences
for elbow pain levels across time intervals.
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Discussion

Our data suggest that strength training programs for
intercollegiate baseball players can yield the benefits as-
sociated with eccentric training, which had previously
been limited to sports requiring greater strength. The
belief that baseball players will lose flexibility and thus
suffer decrements in performance from regimens that
include eccentric training is a myth. In fact it is players
who shy away from strength training, particularly dur-
ing the season, who risk performance decrements.
Weight training, specifically programs that employ an
eccentric component, can result in several benefits for
baseball players. In a recent study using the same sub-
jects and training protocol, Lachowetz et al. (19) showed
that eccentric training (a) significantly increased throw-
ing velocity by an average of 1.7 mph, and (b) increased
strength by up to 59%. The current study suggests that
a third benefit is reduced pain in the shoulder. This is
not surprising, based on our hypothesis that increased
strength (37.1% overall for the experimental group)
should be associated with low levels of pain following
high-intensity eccentric contractions (repetitive throw-
ing). However, the similar results for elbow pain levels
in both groups was surprising.

A problematic aspect of delayed onset muscle sore-
ness (DOMS), a result of repetitive eccentric contrac-
tions, is the subjective way in which pain is measured
(10). Several pain scales have evolved to quantify this
variable, however. One of these measures is the visual
analogue scale (VAS), a form of cross-modality match-
ing (CMM) in which line length is the response con-
tinuum. The VAS is reported to be a valid and reliable
measure for the intensity of pain (4, 14, 18, 21, 30, 34, 35,
38). In fact, based on the work of Price et al. (32), VAS
now yields pain measures on ratio rather than interval
scales. This is crucial because only when pain is mea-
sured on a ratio scale can we really say a player’s pain
is reduced by a given percent (32), or that a strength
training program is a certain percent more effective than
traditional forms of training. Finally, the VAS is rela-
tively simple and most subjects can easily respond to
this scale.

The interaction chart for shoulder pain (Figure 1)
illustrates the differences that occurred in the body’s
response to extreme stress. The training group, which
had undergone 8 weeks of strength training including
eccentric contractions, had significantly less pain at 24,
48, and 72 hours following a maximal throwing session
(repetitive eccentric contractions). Furthermore, the
training group returned to just slightly above baseline
levels of pain at the 48-hr interval. The control group
still had not returned to baseline at the 72-hr interval
when the study was completed. Once again, this sug-
gests that the body’s response to extreme muscular stress
is enhanced when prior eccentric training has been per-
formed. Finally, although not measured in the current
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study, range of motion and levels of strength are hy-
pothesized to return to baseline faster according to the
theory of “repeated bout effect.”

There were no significant differences between
groups with reference to elbow pain levels at all four time
intervals. However, mean VAS scores were higher for the
control group at 24, 48, and 72 hours. The type of strength
training involved did not appear to play a role in the re-
duction of pain in the elbow region. Also, the mean VAS
scores for both groups were at the low range of the scale,
indicating that regardless of training, the intensity of the
maximal throwing session was not a factor in establish-
ing group differences with regard to pain. It appears the
elbow is more durable than the rotator cuff and better
able to withstand the repetitive nature of eccentric con-
tractions during a max-effort throwing session. These
findings tend to follow the trend of arm injuries in inter-
collegiate players (19% shoulder, 8% elbow) as previously
reported by the NCAA (24).

Many studies have suggested that throwing veloc-
ity can be enhanced through strength training. We be-
lieve this study may have been the first research to dem-
onstrate, in baseball players, the advantages associated
with a progressive strength training program includ-
ing isolated eccentric repetitions for reducing pain.

The concept behind the phenomenon known as the
“repeated bout effect” appears to play a role in reduc-
ing pain following a max-effort throwing session. Those
who have studied eccentric muscle damage and the
body’s response (6, 8, 9, 28, 29) suggest that by placing
the musculature under extreme stress, one helps to al-
leviate some of the subsequent damage associated with
further eccentric action. It was this theory that led us to
introduce a progressive strength training program de-
signed to reduce pain as well as increase strength and
throwing velocity.

Practical Implications

Strength training and conditioning programs are used
by colleges and universities throughout the U.S. Prima-
rily these programs are designed to improve perfor-
mance and eliminate injury. For intercollegiate baseball
players, strength programs using isolated eccentric
training can provide three benefits to aid in perfor-
mance. Very few changes need be made to traditional
strength training programs in order for players to reap
these benefits. Although no statistical comparison of
traditional programs was used, it appears that for this
particular study, focusing on the upper body and per-
forming isolated eccentric contractions with the assis-
tance of a workout partner were key contributors to in-
creased strength, increased throwing velocity, and re-
ductions in postthrowing pain. All three benefits are the
direct result of a progressive strength and conditioning
program that should be of great interest to all intercol-
legiate baseball players and coaches.

Depending on the region of the U.S., some base-

ball schedules include 50 games in 65 days, which means
coaches may be forced to use pitchers who have not
had adequate rest. If the players have not been prop-
erly conditioned through a strength program, coaches
risk the possibility of their athletes getting injured. Thus
a strength training program that limits postthrowing
pain and permits quicker recovery may contribute to
the success of the team.

Finally, future research needs to focus on the role of
various strength training programs in reducing pain in
baseball players. Of particular interest would be the ef-
fect of in-season strength programs on the reduction of
pain following an actual game. It appears this study was
the first to examine the relationship between strength and
pain reduction for intercollegiate baseball players, and
replication of the results would help validate the nature
of the current strength training protocol.
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