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Introduction
Positive changes in the electrocardiographic T wave accompanying
exercise are well established (Tuttle and Korns 1941 and Beckner and Winsor
1954). Reduction in T wave amplitude or its inversion are considered pathological
signs of coronary insufficiency (Seneback 1946). However, little information
exists on the normal deviations of the T wave and their association with athletic
performance, especially in endurance events.
In many cases the training programme of long distance runners is an
academic procedure and bears little relation to the immediate physical state of the
individual. As a consequence the programme very often suits but a few runners
and overtrains the others in an effort to reach the greater states of performance.
However, there is no scientific evaluation of the overtrained state nor the cardiovascular reaction to it.

Purpose
The purpose of this study was to observe the effect of a season (ten weeks)
of cross-country training and racing on the T wave of the ECG. Any abnormal
deviations were to be noted in frequency and intensity.

Procedure.
Test.

(Lead

V4)
1.
2.

3.
4.

The electrocardiogram was recorded in the precordial position
under the following conditions:

supine rest.
30 seconds post-exercise (bench stepping on a 17-inch bench at
30 steps/min. for five mins.),
five minutes post-exercise, and
ten minutes post-exercise.

All recordings were taken with the subject in the supine position. Recordings
were made with the standard ten millimeters pen deflection per one millivolt.
Each subject was tested before the season (T-1), following five weeks of training
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ELECTROCARDIOGRAPHIC T WAVL CHANGES WITH HEAVY EXERCISE

T Wave Amplitude Changes with

Cross-County Training

Supine

30 secs

5 mins

10 mins

rest

post-ex.

post-ex.

post-ex.

6.58*

11.44

6.58

6.10

S.D.

3.45

3.58

2.68

2.69

T-2 mean

7.56

13.13

7.82

7.56

S.D.

3.87

5.17

3.79

3.52

T-3 mean

7.46

13.32

7.93

7.94

S.D.

3.03

3.63

2.48

3o06

Mean change
from
T-1 to T-2

0.98

1.69

1.24

1.46

Mean change
from
T-2 to T-3

0.10

0.19

0.11

0.38

Mean change
from
T-2 to T-3

0.88

1.88

1.35

1.84

(N = 6)*

T-1 mean

I

* Measured in millimeters.
*

One subject was removed because of bifid T wave.
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TABLE 1

Subjects
Seven members of a university cross-country team were used as subjects
for the study (mean height = 69.16 ± 1.29 ins.; mean weight = 137.66 ± 12.23 lbs.;
mean age = 19.08 ± 1.13 yrs.).
Training programme

The training programme employed was a combination of Interval training
and long continuous runs. The Subjects ran four to seven miles each morning
at an 8:00/mile pace. The afternoon training sessions alternated daily between
long runs of six to 12 miles and interval training using 440's, 550's and 660's
as the basic distances repeated for a total of five to eight miles per session.
All runners trained six days per week and raced approximately once weekly.

Results

Positive change. Six of the athletes made positive changes in the amplitude
of the T wave in 11 of 12 conditions. The resting T wave showed an increase from
T-1 to T-2 and a decrease from T-2 to T-3. This agreed with Cureton (1958)
who indicated that severe training was needed to amplify the T wave but that if
the training was too severe and/or prolonged it could cause depression of the T
wave.
Immediate post-exercise amplitudes were greater after training and elevated
above the resting T wave amplitude. Five minutes post-exercise recordings
showed amplitudes were generally higher than in the resting state but lower than
the immediate post-exercise recordings. Ten minutes post-exercise amplitudes
returned to approximately the same as in the resting recordings. These results
agreed with the findings of Wolf (1953), Cureton (1958), Carlile and Carlile (1961)
Rose and Dunn (1964), and Pioletman and Miller (1968). See Table 1 for T wave
data.

Abnormal changes. One subject exhibited abnormal T wave configurations.
The subject was a senior member of the team, producing the best times the
previous cross-country season. He was a relatively large individual for a distance
runner (height = 73.0 ins.; weight = 173.0 lbs.; age = 21.58 yrs.). During the
months prior to the competitive season (June, July and August), he had been
engaged in farm labour and had done very little running.
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at mid-season (T-2), and following ten weeks of training at the end of the season
(T-3). All testing was done in the early morning hours with the subject in a
fasting state. Each subject rested in the supine position for 15 minutes prior to
the initial ECG recording.

T Wave Amplitude Changes in
an Overtained Subject

Supine

30 secs.

5 mins.

10 mins.

rest

post-ex.

post-ex.

post-ex.

T-1

3.51*

8.66

2.60

3.67

T-2

2.58

10.22

3.23

3.29

T-3

5.64

10.05

4.53

4.93

from
T-1 to T-2

-0.93

1.56

0.63

-0.38

Change
from
T-2 to T-3

3.06

-0.17

1.30

1.64

2.13

1.39

1.93

1.26

Change

Change
from
T-1 to T-3

*Measured in millimeters.
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TABLE 2

The T-2 ECG recording manifested abnormal T wave configurations in supine
rest, five minutes post-exercise, and ten minutes post-exercise. The T wave was
bifid in all of the above conditions. (See Fig. 1 for illustration of the bifid T wave).
The bifid condition was most marked in supine rest. Following the bench stepping
exercise the bifid condition disappeared as indicated by the 30 seconds postexercise recordings. However, it returned in both the five and ten minutes postexercise recordings. These results in the ECG recordings agreed with those found
by Plas (1963) and Kiessling, et al. (1964).

The recording
was noted elevation
of a bifid tendency.
Had been employed

at 30 seconds post-exercise was apparently normal. There
of the T wave amplitude in this condition but no evidence
This data coincided with most studies in which effort tests
(Beckner and Winsor 1954, Strandell 1963, Rose, et al. 1966).

When questioned on his physical well-being, the runner indicated a feeling
of "fatigue," "nervousness, " "strain in hitting interval training paces," and "undue
strain in racing". Observations by the coaches gave credence to his report,
viz., inefficiency in motion in the late stages of training sessions, marked
deterioration in five-mile cross-country races, and inability to repeat interval
training runs at a racing pace.

Following the T-2 testing period, the subject was removed from the
strenuous training programme and placed on a self-directed training routine.
Morning running was reduced to three days per week of four to six miles at
8:00/mile. Afternoon training sessions involved more long easy running over
varying terrain and less interval training. Only occasionally was interval
training employed and then not at the previous volume or intensity.
The T-3 ECG recording showed marked improvement over both the T-1
and T-2 recordings in seven of eight conditions. The 30 seconds post-exercise
recording registered a slight decrease (-0.17 mm) from the T-2 measure.
There were no signs of a bifid tendency in any of the T-3 recordings.
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The T - 1 ECG recording was normal in all conditions.The only observable
consequence was a elevated S-T segment in the supine rest and ten minute post
exercise recordings. However, this was within normal bounds and agreed with
the findings of Bramwell and Ellis (1931), Lloyd-Thomas (1961), and Marriott
(1967). The 30 seconds post-exercise and five minutes post-exercise recordings
showed a return of the S-T segment to the isoelectric line which coincided with
the work of Chelton and Burchell (1955).

Discussion
The increase in the amplitude of the T wave resulting from ten weeks of
strenuous cross-country training agreed with previous findings (Tuttle and
Korns 1941, Wolf 1953, Beckner and Winsor 1954, Cureton 1958, Rose and Dunn
1964, and Pioletman and Miller 1968). The slight reduction in the T wave
amplitude from T-2 to T-3 in supine rest and the very slight position gains in
the remaining conditions are supported by the findings of Cureton (1958).
These may have been indicative of the strenuousness of the interval training
programme or the total work load.
The bifid T wave exhibited in one subject at T-2 paralleled an overtrained
or fatigued state. The nature and configuration of the bifid wave stimulated those
reported elsewhere (Plas 1963 and Kiessling, et al. 1964). While little research
has been advanced to explain the bifid T wave, it is possible that the heart ceases
to use lactate as its primary fuel source (Bing, et al. 1960) and begins to use
more glycogen (Plas 1963). Whatever the metabolic process, the bifid T wave
was associated with a general state of fatigue and was not pathologically abnormal.
Sufficient rest and reduction in training intensity resulted in complete disappearance
of any abnormal T wave configurations.
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