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ABSTRACT

Potteiger, J.A., Blessing, D.L. and G.D. Wilson. The
physiological responses to a single game of baseball
pitching. J. Appl. Sport Sci. Res. 6(1):11-18. 1992. — The
purpose of this study was to examine selected physiological
responses during a single game of baseball pitching. Six
college-age men with varsity pitching experience at the
collegiate level participated in the study. Subjects pitched a
simulated game during which heart rate (HR), blood lactate
(LA), serum glucose (SG), free fatty acid (FFA) and oxygen
consumption ( V02 ) were measured. Serum creatine kinase
(CK) and lactate dehydrogenase (LDH) were analyzed 24
hours after exercise as an indicator of skeletal muscle
damage. HR exhibited a quadratic effect (p < 0.01). There
was no change from pre-exercise values for LA or SG. FFA
did increase significantly throughout the game (p < 0.01).
VO, exhibited a quadratic effect during each inning (p <
0.01). Values ranged from 4.9 mlskglemin! at rest to 20.6
mlekg-{emin-! during pitching. CK and LDH were
significantly elevated 24 hours after exercise. Results
indicate that the physiological responses which occur during
the pitching of a game correspond with an intensity equal to
continuous exercise at 45 percent of VO, max. The increase
of muscle enzymes 24 hours after exercise may indicate
muscle damage, and warrants further investigation.
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INTRODUCTION

The ability to perform successfully in baseball pitching

depends in part on the interaction of various biomechanical,

psychological and physiological variables (6, 9, 15, 26).
While more attention has been directed to the biomechanical
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and psychological aspects of pitching, there has been less
focus on the physiological responses during the pitching of a
baseball game.

Several investigators have offered insight into the
importance of muscular strength and endurance, anaerobic
power and capacity, cardiovascular endurance, flexibility,
body composition and skill as they relate to successful
performance in baseball (19, 22, 30). While these authors
have suggested the importance of the various physiological
components in baseball, they do not specifically address the
actual physiological responses that may occur during the
pitching of a baseball game.

The performance responses of the pitcher may be entirely
different than those of other players involved in the game.
Pitchers may throw more than 150 pitches per game
(including warm-up) and be involved in intermittent intense
physical activity for two hours or more (6). Consequently,
the energy requirements, physiological responses and
physical conditioning may be different from those of other
position players.

Baseball has been described as an anaerobic activity in
terms of energy production and physical conditioning (2, 13,
19, 22, 30). The concept of specificity of training suggests
that for a training program to be beneficial, it must closely
approximate the specific physiological requirements
necessary to perform the skill or activity (13). If adherence
to the concept of specificity of training is a necessity for
optimal energy production and physical conditioning, then it
would be logical to assume that the conditioning of baseball
pitchers needs to be entirely anaerobic in nature.
Consequently, all conditioning activities should be
extremely high in intensity and relatively short in duration in
order to challenge the anaerobic energy systems. Yet the
lack of specific scientific information has led to a variety of
conventional (e.g., sprint training, distance running, weight
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training) and innovative techniques (rice resistance, water
running, aerobic dance) being used for the improvement and
maintenance of the physical conditioning of pitchers, with
many programs not including an anaerobic emphasis (2, 6,
13, 19, 22).

In response to the lack of specific physiological
information dealing with baseball pitching, the purpose of
this study was to examine energy requirements, fuel use and
physiological responses to a single bout of pitching. Heart
rate response, blood lactate, serum glucose and fatty acid
concentrations, along with oxygen consumption, respiratory
exchange ratio and energy cost, were measured during the
pitching of a simulated game. In addition, the serum levels
of creatine kinase and lactate dehydrogenase were examined
in response to the exercise bout. Results obtained from this
study were evaluated in an effort to understand the
physiological responses to a single game of pitching and to
provide a reference to evaluate the adaptations that occur
during this form of exercise.

METHODS
Subjects

Six male, college-age, varsity baseball pitchers were
recruited for the study. All subjects had previous pitching
experience and had recently completed the spring baseball
season. The experimental procedures of the study were
explained in detail and subjects provided informed consent,
as outlined by the American College of Sports Medicine,
before participation in the study.

Experimental Protocol

Subjects were required to report to the laboratory on two
days for testing and evaluation. On the first day, subjects
were measured for height, weight and body composition.
Measurement of body composition was derived using the
sum of skinfolds method (25). Body density was calculated
using Jackson and Pollock equation #1 (14). Percentage
body fat was determined by the formula of Brozek and Keys
(4). Each subject also performed an incremental, maximal
treadmill test in order to determine maximal oxygen
consumption (VO, max). Gases were collected and analyzed
by open circuit spirometry (Beckman Metabolic
Measurement Cart). The oxygen and carbon dioxide
analyzers were calibrated using previously known gas
mixtures before each test.

On the second day, subjects were asked to consume a
500-kilocalorie meal, high in carbohydrates, approximately
three hours before reporting to the laboratory at midmorning
for testing. Subjects were given previous information,
including examples of acceptable foodstuffs to consume
before the testing session. Upon arriving at the laboratory,
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each subject underwent a 30-minute rest period to allow
physiological values to approach baseline levels.

Before testing, each subject was allowed a warm-up,
similar in length of time and number of pitches to that which
he would use before participating in a regulation game.
Upon completion of the warm-up, subjects were fitted with
a cordless digital pulse monitor (TRX model PU-801,
Creative Health Products Inc.) in order to record heart rate
(HR) immediately after completion of the last pitch of each
inning. Subjects also were fitted with the respiratory gas
collection equipment and allowed to practice several throws
until they became accustomed to pitching with the
respiratory apparatus. All subjects reported that gas
collection equipment did not interfere with normal pitching
motion.

The pitching protocol simulated a game situation as
much as possible. Subjects were given five warm-up
pitches at the beginning of each inning. Warm-up pitches
were thrown at a rate of one pitch every 12 seconds.
Subjects then threw 14 pitches per inning at a rate of one
pitch every 20 seconds. After 14 pitches (one inning), the
subjects were given a six-minute rest period before
beginning the next inning. Testing was completed when the
subjects finished seven innings of pitching. The total
number of pitches thrown, excluding warm-ups, was 98.
The protocol for the number of pitches and time frame was
developed from previously recorded experimental data
dealing with competitive games lasting seven innings (23).

Pitch velocity was monitored for every pitch via radar
gun technique (RA-GUN G 1, Decatur Electronics, Decatur,
Georgia). Subjects were instructed to maintain a velocity
equal to 95 percent or more of their previously recorded
maximal pitching velocity. Maintenance of near maximal
pitching velocity was enforced to ensure that each subject
was performing close to maximum potential. It was
believed that pitchers deliver the ball with a maximal or near
maximal effort on every pitch, and this intensity is thought
to vary little, even with changes in the type of pitch thrown.

Gas Collection

Subjects were given a five-minute rest period after the
pre-game warm-up. After the rest period, gas collection
began and continued throughout the duration of the exercise
period. Gases were collected and analyzed every two
minutes until completion of the testing.

Energy Expenditure

The energy cost of pitching was determined via indirect
calorimetry. The total amount of oxygen consumed during
the game was determined for each subject. Total energy
expenditure and the energy cost per minute of activity were
then calculated.
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Table 1. Descriptive Data of Subjects

Xm=6) SE
Age (yr) 19.0 0.5
Height (cm) 186.6 +23
Weight (kg) 84.7 +49
Body fat (%) 14.4 +14
Pitching experience (yr) 8.0 +1.2
VO, max (mlekg-lemin-!) 45.8 +19

Blood Collection

Blood samples were drawn at various times throughout
the testing and analyzed for lactate (LA), serum glucose
(SG), free fatty acid (FFA), creatine kinase (CK) and
lactate dehydrogenase content (LDH). Blood was collected
via forearm venipuncture of the non-pitching arm. Five
samples of 10 milliliters each were collected during testing
at the following times: before exercise; 90 seconds after
completion of the fourth inning; 60 seconds before
beginning the fifth inning; 90 seconds after completion of
the seventh inning (immediately post-exercise); and 24
hours after exercise.

Blood for LA analysis was transferred to Yellow
Springs Instrument (YSI) total blood lactate tubes. The
blood lactate tubes contained a cell lysing substance,
cetrimonium bromide. The tubes were refrigerated at 4
degrees C until analysis, which was within 72 hours. Blood
for SG, FFA, CK and LDH was allowed to clot and then
was centrifuged at 3000 rpm for 20 minutes in an IEC
Centra-7R refrigerated centrifuge. Serum was then divided
into separate storage tubes. The SG, FFA and CK tubes
were frozen (-10 to -15 degrees C) until analysis. The FFA
were analyzed within 24 hours, SG was analyzed within 48
hours and CK was analyzed within 72 hours. Tubes
containing LDH were stored at room temperature (21
degrees C) and were analyzed within 72 hours.

Blood Analysis

Lactate was measured using a Yellow Springs Model
23L Lactate Analyzer (YSLA) according to the technical
manual instructions. The YSLA was calibrated according
to the manufacturer’s specifications before the start of each
sampling session, and was rechecked after each sample.
Analysis for LA content was performed on the pre-
exercise, post-inning 4 and post-inning 7 measurements.

Analyses for SG and FFA were performed on the pre-
exercise, post-inning 4, pre-inning 5 and post-inning 7 blood
samples. Serum glucose was measured using procedure No.
16-UV (Sigma Diagnostics, St. Louis, Missouri). Free fatty
acids were measured with an enzymatic colorimetric method
obtained in kit form (Wako Pure Chemical Industries Ltd.,
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Dallas, Texas). Analysis for CK and LDH concentration
was performed on the pre-exercise and 24-hour post-exercise
samples. Creatine kinase was measured using procedure No.
47-UV and LDH was measured using procedure No. 228-
UV (Sigma Diagnostics, St. Louis, Missouri).

Muscle Soreness

Subjects were asked to rate their perception of muscle
soreness in the pitching arm at the 24-hour post-exercise
blood collection. The Abraham scale for muscle soreness
was used to evaluate general arm soreness (1). The scale
uses the following subjective evaluations: 0 (complete
absence of pain; 1 (light pain felt only by palpation); 2
(moderate pain, some stiffness and/or weakness, especially
during movement); 3 (severe, distressing pain that limits the
range of motion).

Statistical Analysis

A repeated-measures ANOVA was used to examine the
results for HR, LA, SG, FFA, CK and LDH. When
differences existed, contrast comparison tests were used to
determine where the differences occurred. An outlier was
declared for a CK enzyme value received in the 24-hour
post-exercise measurement. This was determined in
accordance with previously established statistical procedures
(10). A two-way repeated measures ANOVA with repeated
measures on the second factor was used to analyze VO, and
RER. When differences existed, contrast comparison tests
were used to determine where differences occurred. A trend
analysis for linear and quadratic effects also was conducted.
A Spearman rank-order correlation procedure was used to
examine the relationship between delayed muscle soreness
and 24-hour post-exercise enzyme levels. Significance was
established at the p < 0.05 level. '

REsuLTS
The descriptive data for the subjects are depicted in Table
1. Height, weight, body composition and VO, max values

were similar to those found in other studies examining
baseball pitchers (8, 9).
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Figure 1. Heart rate response over the seven-inning game (X + SE).

Figure 1 depicts the HR response after the completion of
the last pitch of each inning. The mean HR was 140 bpm
for the entire game. A low of 133 bpm was observed in
inning 1 and a high of 147 bpm in inning 5 (an increase of
10 percent). A significant quadratic effect was exhibited
over innings (p < 0.05).

Lactate, SG and FFA responses are shown in Table 2.
Lactate showed no differences between pre-exercise values
and post-inning 4 and 7 measurements. Serum glucose
levels were maintained throughout the entire exercise
period, and there were no significant differences between
any of the measurements. FFA levels were significantly
elevated in the pre-inning 5 and post-inning 7
measurements when compared to the pre-exercise and
post-inning 4 values (p < 0.01).

Oxygen consumption (VO,) values are exhibited in
Figure 2. There was no significant interaction between
innings and measurement times during either the work or
rest periods. Consequently, these VO, data are not shown.
Oxygen consumption did exhibit a quadratic effect during
both the work and rest periods within each inning (p <
0.01). Mean VO, increased within each inning from 14.8
mlekg-lemin-1 during the first two minutes of work to a
high of 20.6 ml*kglemin-! during the last two minutes of
work. During the rest periods of each inning, VO,
decreased over time from a mean of 10.8 mlekglemin-! to
4.9 ml*kglsmin-!. The mean VO, max for the subjects was
equal to 45.8 mlekglemin'l. When oxygen uptake during
the work periods was expressed as a percentage of VO,
max, the highest level obtained was equal to 45 percent of

Table 2. Lactate and Substrate Response Before and During a Game

Post-inning 4

Pre-inning 5 Post-inning 7

Blood Parameters Pre-exercise
Lactate (mmoiel-!) 0.76 £ 0.06
(n=6)

Serum glucose (mmoiel-!) 53102
(n=6)

Fatty acids (mEq/le1'!) 0.27+0.03
(n=5)

0.87 £0.08 — 0.94+£0.10
55403 54104 58+03
0.36 £0.03 *0.67 £ 0.06 *0.60 +£0.03

All measurements are X + SE

*Pre-inning 5 and post-inning 7 differ from pre-exercise and post-inning 4 (p < 0.01)
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Figure 2. Oxygen consumption over all innings (X + SE).

VO, max. During the rest periods, the percentage of
oxygen uptake decreased to a level slightly above 10
percent of VO, max.

Total VO, was 44.5 liters. Energy expenditure was
calculated from this value and determined to be 227
kilocalories for the entire game. This is equal to a mean
energy expenditure of 2.7 kcalemin-1.

The respiratory exchange ratio (RER) exhibited a
significant quadratic effect during both the work and rest
periods. Mean RER decreased from 0.94 to 0.91 during
the work period and increased from 0.97 to 1.11 during the
six minutes of rest. There were no differences between
innings over any of the measurement times.

Creatine kinase and LDH values are shown in Table 3.
A significant difference for both CK and LDH existed
between the pre-exercise and 24-hours post-exercise values
(p £ 0.01). Mean CK values were 343.4 U/l at the post-
exercise measurements. This represented a threefold
increase from pre-exercise values. Lactate dehydrogenase
also had a slight yet significant increase from pre-exercise
values (p < 0.05).

Muscle soreness in the pitching arm was evaluated at
the 24-hour post-exercise blood sample. Mean soreness
was 1.0 on the Abraham scale, with a standard error of *
0.4. This indicates light pain felt only by palpation.

Di1scussIoN

Heart rate during exercise often has been used as a
measure of exercise intensity. The HR maximum response

6

15

4 6

Minutes of rest

* significant quadratic effect within work and rest periods (p < 0.01)

for the pitchers in this study had a range of 133 to 147 bpm
(Figure 1). There was a quadratic effect observed over
innings for HR (p < 0.01). It may have been expected that a
linear increase for HR would occur due to the cumulative
actions of the exercise, but this was not observed. In fact,
the highest HR occurred at the end of the fifth inning, and
then decreased during the last two innings. A possible
explanation for this response could arise from the fact that
the subjects experienced two venipunctures during the six
minutes of rest between the fourth and fifth innings. The
stress of the venipuncture could have resulted in an
increased catecholamine release, which may have
increased HR during the subsequent inning.

The HR values in this study were lower than the HR
responses recorded for a baseball pitcher in a previous
study (26). The subjects of the present study were required
to throw a maximal or near maximal effort pitch, and then
rested until the next pitch. In contrast, the measurements in
the previous study were taken while participating in a
competitive game (26). Consequently, the activity
requirements for that subject were much greater, and may
have contributed to the difference in HR. During a
competitive game, pitchers are responsible for fielding,
hitting and base running, all of which result in increased
activity. In addition, the increased HR for this subject may
have been due to elevated environmental temperatures or
elevated catecholamine levels as a response to the stress
encountered during actual competition.

Lactate values did not vary over time and were within
normal resting physiological ranges at all measurement
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Table 3. Muscle Enzyme Response Before and 24 Hours After Pitching a Game

Blood Values Pre-exercise 24h post-exercise
Creatine kinase (U/1) 109+12 *343 + 55

(n=15)

Lactate dehydrogenase (U/1) 63+4 *86+ 11

(n=6)

All measurements are X + SE

*Mean differs from mean pre-exercise (p < 0.01)

times (Table 2). It is suggested that the majority of energy
supplied to the muscles during the act of throwing a pitch
comes from the ATP-PC energy system. Because the time
requirement for throwing a pitch is approximately one or
two seconds and the rest period before the next pitch is 18
seconds, it can be assumed that energy requirements are
fulfilled by the one-enzyme reactions during the work and
by aerobic metabolism during the recovery. Consequently,
it is not surprising that LA accumulation did not occur.

Serum glucose levels ranged from 5.3 to 5.8 mmole]-!
throughout the entire exercise period (Table 2). These
values are within normal physiological ranges (20). It is
well known that the intensity and duration of an acute bout
of exercise has the most profound effect on SG levels. Itis
evident that the intensity and duration of this activity were
not great enough to elicit any significant changes in SG.
The protocol for this study was established to mimic a
game situation as closely as possible. The subjects
performed a maximal pitching contraction, and then rested
until the next pitch. This type of activity closely
approximates intense intermittent exercise. The SG
findings of this study are supported by Essen, who
demonstrated that intense intermittent exercise performed
for 60 minutes did not change arterial SG levels (11).
Other studies involving intermittent, high-intensity exercise
also have shown no effect on SG levels (17, 28, 29).

Free fatty acids have been shown to make a significant
contribution to energy metabolism during intermittent
exercise (11, 12). The results of this study indicate that
FFA levels significantly increased as the pitching exercise
continued (Table 2). The post-inning 5 and 7
measurements were significantly elevated from the pre-
exercise and post-inning 4 values. Of particular interest is
the increase in FFA levels during the six minutes of rest
between the post-inning 4 and pre-inning 5 samples. The
elevation in FFA levels appears to arise from the decrease
in energy requirements or an increased mobilization of
FFA during the rest period.

The VO, of the subjects showed a significant quadratic
increase during the six minutes of work (Figure 2).
Oxygen consumption increased from a mean of 14.8
mlekg-lemin-! at the beginning of the work period to a high
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of 20.6 mlekglsmin-! during the last two minutes of work.

Previous studies dealing with intense intermittent
exercise have shown VO, during the work periods to be
equivalent to that of continuous exercise at 50 to 60 percent
of VO, max (11). When expressed as a percentage of VO,
max, the subjects were working at approximately 45
percent of their maximal oxygen uptake. Clearly, the
subjects were not working in steady-state continuous
exercise. It is believed that this level of oxygen uptake
during the work period is for the purpose of resynthesizing
ATP and PC stores.

Oxygen consumption during the rest period decreased
by almost 50 percent during the first two minutes. By
minutes 4 and 6, the oxygen uptake was only slightly
above baseline levels. This is obviously an indication that
the subjects had fully recovered during the six minutes of
rest between innings.

Respiratory exchange ratio exhibited a significant
quadratic effect during both the work and rest periods. It is
difficult to determine exact substrate use from the available
data, because RER is most accurate in steady-state
exercise. Although the change in RER during work is
statistically significant, there is little physiological
implication. During the six minutes of rest between
innings, RER increased from 0.97 to 1.11. This is not
reflective of the increase in FFA during the rest, which if
anything would reflect a trend toward a reduction in RER.
Thus, it is believed that the increased RER values during
the six minutes of rest were due to hyperventilating by the
subjects.

Perhaps the most interesting finding of this study was
the appearance of intramuscular enzymes in the serum after
the exercise bout. The CK and LDH values shown in
Table 3 were significantly elevated at 24 hours after
exercise. Post-exercise CK values were elevated threefold
above pre-exercise levels. These results agree with past
studies that have shown elevated CK levels at 24 hours
after exercise (3, 16, 24).

Although LDH levels also were elevated significantly at
the post-exercise measurement, they were within normal
physiological ranges (20). It is quite possible that LDH
was not at its peak value. Previous studies have indicated






