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Biorhythm theory proponents believe that humans have

a 23-day physical cycle, a 28-day emotional cycle, and a

33-day intellectual cycle. According to biorhythm theories

a person in the positive portion of any single cycle , the per-

formance potential is enhanced for those tasks related to

that particular rhythm. When each cycle crosses the base-

line from positive to negative, or vice versa, that point

represents a critical day in that particular cycle. During

critical days, the performance potential is considered highly

unstable. The theory proposes that incidents of human

error are especially numerous on critical days.

The purpose of this study was to determine if athle-

tic injuries of female college gymnasts become more numer-

ous with respect to critical days of physical, emotional,

and/or intellectual biorhythm cycles. Data were collected

from a sample of fourteen injured female gymnasts of Oregon



State University. A total of thirty injuries were recorded

over a period from 1981 to 1984.

Critical days were calculated for each of the injured

individuals in accordance with two definitions of critical

days. Chi-Square with Yates' correction for continuity was

employed to determine statistical significance at the .05

level of confidence.

In each instance the hypothesis testing rejected the

null hypothesis. The number of injuries which occurred

during critical days or negative phases of biorhythm

cycles were not more than the number of injuries which

occurred during non-critical days or positive phases.

Therefore, the biorhythm theories were not supported by

the data of this study.
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THE RELATIONSHIP BETWEEN BIORHYTHMS AND INJURIES

IN FEMALE COLLEGE GYMNASTIC PARTICIPANTS

CHAPTER I

INTRODUCTION

Since the 1960's various theories related to bio-

rhythms have received considerable attention. Popular among

these theories is that individuals are more susceptible

to injury producing accidents during certain phases of

the biorhythm cycle than at other times in the cycle.

Although extensive research has been conducted to

document the existence of biorhythm in plants,.animals,

and humans, relatively little research has been directed

toward exploring theories related to biorhythms and

athletic injuries(19,41,64,27,28).

The development of the biorhythm theory is attributed

primarily to the work of Swoboda (58) and Fleiss(14) in

the early 1900's. According to the biorhythm theory, a

human has 23-day physical, 28-day emotional and 33-day

intellectual sinusoidal cycles. These three endogenous

cycles are said to begin at the moment of birth, and to

recur consistently throughout one's life until death(59).

The physical cycle relates to activities of a

physical nature. It originates in muscle cells and myo-

fibers, affects physical factors such as strength, coordi-

nation, speed, basic bodily functions, as well as the

sensation of well being. The mid-point of the cycle is
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11.5 days (20).

The emotional cycle influences situations of high emo-

tional content. It originates in the nervous system,

governs creativity, sensitivity, mental health, mood,

perceptions, and possibly conception. The mid-point of

the cycle is 14 days (20).

The intellectual cycle takes on importance in per-

formances which require cognitive activity. It originates

in the thyroid or pineal gland, regulates memory, alert-

ness, receptivity to knowledge, and logical or analytical

mind functions. The mid-point of the cycle is 16.5 days

(20).

When a cycle is in the positive portion of oscilla-

tion, energy is considered to be discharged. Thus, per-

formance potential is enhanced for those tasks related

to this particular rhythm. When each cycle crosses the

baseline from positive to negative, or vice versa, that

point represents a critical day. Critical days last for

24 hours and comprise about 20 percent of the days in an

individual's life (64). During critical days, performance

potential is considered highly unstable. It is believed

that incidents of human error are especially numerous on

critical days. The criticality increases as the number of

simultaneously crossing cycles increases (60).

Recent reaearch has focused on the application of

biorhythms to sports. The phases of biorhythm cycles have



3

been reported to provide explanations for good and bad per-

formances in individual sports such as cycling, golf, track

and field, swimming, weightlifting, and motor racing(9,21,61,

56,65). Biorhythms have also been utilized to interpret wins

or losses in dual sports such as tennis and boxing(33,38),

and even in team sports such as soccer and football(21,53,

63). In contrast, studies have reported that biorhythms do

not correlate well withthe quality of athletic performances

(5,10,17,25,29,31,32,34,37,43,46,48,52,51,49), nor with

football injuries(28,64).

Apparently, injury studies related to biorhythms tend

to focus on contact sports(19,27,28,64). Very few investi-

gations have been conducted which are associated with non-

contact sports. Both team and individual contact sports,

due to their exogenous violence, as would be expected,

revealed a greater incidence of injuries than did non-

contact sports(6,18,22). It should be noted that where in-

juries are incurred in contact sports the injuries fre-

quently are caused by someone other than the injured per-

son. On the other hand, with individual sports such as gym-

nastics the injuries typically are almost always caused

by the persons own actions. Therefore, if biorhythms can

actually affect the incidence of sport injuries, it seems

reasonable that biorhythms might apply more to non-contact

sports than to contact sports. Research concerned with

the relationship between biorhythms and non-contact sports

injuries needs to be examined further.
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Purpose of Study

The purpose of the study was to determine if athletic

injuries are related to physical, emotional, and/or inte-

llectual biorhythm cycles with female college gymnasts of

Oregon State University. This study was also designed to

determine the extent to which the three biorhythm cycles

or their combinations contribute to gymnastic injuries.

Null Hypotheses

The results of the study were analyzed to determine

if the following null hypotheses should be retained or

rejected:

1. The number of injuries which occur on non-

critical days is not different from the number of injuries

which occur on critical days.

2. There is no difference in the number of injur-

ies that occur during the different phases of the physi-

cal biorhythm cycle.

3. There is no difference in the number of injur-

ies that occur during the different phases of the emotion-

al biorhythm cycle.

4. There is no difference between the number of

injuries that occur in different phases of the intellectual

biorhythm cycle.

5. There is no difference between the numbers of
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injuries that occur in different phases of the combination

of physical, emotional, and intellectual biorhythm cycles.

Limitations

1. Data were collected only on Oregon State women var-

sity gymnasts.

2. Data were only collected for a period of four

years between 1981 to 1984.

3. Only those injuries were recorded which were con-

sidered serious enough to require the services of an ath-

letic trainer or physician.

4. Data were not collected indicating the exact time

of birth which thereby partially jeopardizes the accuracy

of determining critical days.

5. No restrictions were placed on non-school related

activities of the athletes.

6. No data were collected relevant to menstrual peri-

od events.

7. Inferences are limited to Oregon State women gym-

nasts involved in this study.

8. Results of this study should not be used to infer

to other ages of athletes.

9. Results of this study should not be used to infer

to women athletes in other sports.

10. Results of this study should not be used to infer

to male athletes.
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Assumptions

The following assumptions were made in this study:

1. The injuries were the result of accidents caused

by the gymnast herself.

2. The injury dates of the subjects were correct.

3. The birthdates of the subjects were correct.

4. Each subject participated to her maximun ability

during practice or competition.

5. "Reinjuries" were assumed to be new injuries when

rehabilitation had been considered satisfactory to permit

continued participation.

Definition of Terms

1. Biological rhythms: The rhythmical oscillation of

physiological changes in the human body which were

caused by recharge or discharge within the cellular

system (60).

2. Biorhythms: The consistent recurrence of physical,

emotional, and intellectual cycles (60).

A. Emotional biorhythm: The 28-day rhythm that

governs the nervous system. It affects the

moods, sensitivity, and creativity of man(60).

B. Intellectual biorhythm: The 33-day rhythm

which pertains to traits generally associated

with reasoning power, mental responsiveness,

understanding, and concentration (60).
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C. Physical biorhythm: The 23-day rhythm that

affects expression of man's physical strength,

endurance, energy, resistance and physical

confidence (60).

3. Cycles: The critical phase (critical day),the negative

phase, and the positive phase.

A. Critical phase (Critical day): The switch-

point day or days; the first day of a new

cycle, when a rhythm changes from its high or

discharge phase into the recuperative phase

(60).

B. Critical day (Critical phase):

Definition A: A 24 hour critical period. Thus,

two days are considered critical in each cycle

(49).

Definition B: The first day of any cycle or

the mid-point day of any cycle. The critical

days for each cycles are: physical 1,12,13;

emotional 1,15; intellectual 1,17,18(64).

C. Positive phase: The ascending or discharge

period(60).

D. Negative phase: The recharging or recuperative

period(60).

4. Endogenous. Independent of external rhythmic stimuli;

originating from within the organism(57).

5. Exogenous. Dependent upon external rhythmic stimuli;
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originating from outside the organism(57).

6. Gymnastic injury. An injury occurring during a prac-

tice or competition of sufficient seriousness to pre-

vent the gymnast from participating for a minimum of

one day.

A. Acute injury: An injury having an immediate

relatively severe cause(11).

B. Chronic injury. An injury occurring during a

practice or competition that persists over a

long period of time before complete healing

(11).
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CHAPTER II

REVIEW OF RELATED LITERATURE

The literature reviewed has been arranged into five

major categories:

1. The development of the biorhythm theory

2. The physiological basis of biorhythms

3. Studies on biorhythms and athletic performance

4. Studies on biorhythms and athletic injuries

5. Summary

The Development of the Biorhythm Theory

Philosophers, physicians and scientists have always been

concerned with cycles and rhythms as clues to the nature of

man's life on earth. In the time of the Greek physician

Hippocrates, there was an awareness and a respect for the

rhythms of life. Hippocrates urged his colleagues and his

students to observe the "good" and "bad" days among the

"healthy" and the "ill" and to consider them in the treat-

ment of patients(20).

The development of biorhythm theory is primarily

attributed to the work of University of Vienna psychology

professor Hermann Swoboda and to Berlin physician Wilhelm

Fliess in the early 1900's (20). They involved themselves

in massive documentation of symptomatic history in their
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patients by recording periods of anxiety, outbreak of

disease, tissue swelling, fevers, and heart attacks. In 1904,

Swoboda(58) concluded that all of these physical phenomena

appeared to recur rhythmically. He found a certain rhythmi-

cal turning point in asthma attacks. He proposed the exist-

ence of two biorhythms, a 23-day physical cycle and, a 28-

day emotional cycle. He viewed these as influencing the

rhythmical fluctuations that govern the ups and downs in

human life. In Berlin, Fliess (14) came to the same conclu-

sions. He recorded his theory on the existence of a 23-day

biorhythm and a 28-day biorhythm in his publication -- The

Course of Life.

The 33-day intelligence biorhythm was determined in the

1920's by Alfred Teltscher, an Austrian doctor of engineering

who taught at the University of Innsbruck (20). Curious

about the good and bad days his students had, he collected

extensive data regarding student birthdates and examination

performances and postulated a 33-day intellectual cycle.

Teltscher's intellectual cycle was a biorhythm that affected

intelligence, memory, mental alertness, logic, reasoning

power, reaction and ambition.

In 1929, two American professors of the University of

Pennsylvania, Dr. Rexford B. Hersey and Dr. Michael J.

Bennett, came up with research findings that supported

Teltscher's 33-day intellectual biorhythm theory. They noted,

in massive studies of behavior patterns of works, rhythmic
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swings in mood occurring in 33-day cycles which were appa-

rently unrelated to external events (26).

The major force in the explanation of biorhythm theory

is regarded to George S. Thommen (59). He devoted himself

to biorhythmic research for over fifty years.

Since 1970's, the promotion of biorhythm theory has

become a large industry. Biorhythm books, biorhythm compu-

ters, biorhythm watches, bio-cards, bio-calculators and

other assorted paraphernalia have been produced and marketed.

Also, the determination of an individual's biorhythm status

has taken on the dimensions of a fad (51).

The Physiological Basis of Biorhythms

Biorhythm theory is consistent with observations of

fundamental biological rhythms. Biological rhythms are basic,

relevant and ever present physiological phenomena in human

life and present in animals. For example, the relationships

between biological(physiological) rhythms and major geophy-

sical cycles of one day (24 hours), one lunar day (interval

between successive moon rises), one month(29.5 days), and

one year(3651/4 days) have been documented in many animals (60).

It also been found that many of the biological functions

of man follow rhythmical cycles. Body Temperature and heart

rate follow a daily rhythm, being lowest in the morning and

highest during the late afternoon and evening. Human epi

dermis replaces lost cells in a similar rhythmic fashion(55).
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Energy metabolism, represented by physiological and

biochemical activity, of most animals displays a

systemic periodic variation (3,23,30, 35 ).

Periodic patterns of oxygen uptake have been

observed in various species (8,44,47). Circadian vari-

ation was found in human heart rate, pre-ejection period

and Q-T interval during rest (62). One factor for such

periodicity may be a threshold level of some particular

substance in a subcel.lular compartment, for example,some

phase of the endoplasmic reticulum or mitochondria

oxdative enzyme activity (15). Another factor may be

a periodic variation in the function of the oxygen trans-

port system ( 8,44,47 ). A critical determinate of func-

tional potential is oxygen transport capacity and inter-

mediary metabolic power(1/02 max). However, no relation-

ship was found between female maximal aerobic power and

the 23-day physical biorhythm cycle (13).

Studies on Bioryhthms and Athletic Performance

Since 1970's, promoters of bioryhthm theories have

focused on the application of biorhythms to sport.

Biorhythm theories have been used to explain either good

or bad performance in sports. On the other hand, scien-

tific researchers have suggested that biorhythm theories

must be viewed with skepticism until the careful

testing of large numbers of subjects with rigorous sta-

tistical evaluation of data is conducted. For clarity,
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two different advocacies will be reviewed seperately:

Supportive Studies to Biorhythm Theory

Rummel(54) evaluated team and individual biorhythms

at the 1975 AIAW National Basketball Championships and

found that teams which were winners were more often

higher biorhythmically than were the losers. Additionally,

approximately 85% of the individual and team biorhythms

computed matched the performances of the individuals

and teams. Wallerstein and Roberts (63) formulated a team

bio-curve concept taking into account the biorhythm

cycles of each player on a team or subset of a team.

Successful predictions were then made concerning the

outcome of a number of games involving top college and

professional teams.

Martin (40) investigated the relationship of

biorhythms to competitive swimming performance and found

that most of the swimmers displayed a close relationship

between the emotional biorhythm cycle and winning perfor-

mance. Assessment of the 31 swimmers indicated best perfor-

mances occurred when they were emotionally high in their bio-

rhythm cycles. Wenos and Wenos (66) examined the biorhy-

thms of a number of world class athletes and concluded

that the athletes tended to perform poorly during the

down part of their cycles. The authors were decidedly

optimistic about the use of biorhythm theory in the

future, such as in programming training and in making
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competition schedules.

Martin and his colleagues (41) compared the biorhy-

thms of 23 runners in 1395 consecutive racing perfor-

mance over a 21/2 year period with finish times and with

the runners' subjective grades of each performance. The

sample of 23 runners ranged from 800 meters to the mara-

thon. A significant relationship was found between the

emotional cycle and performance time, with faster per-

formances during low phases of the emotional cycle. Per-

formance times negatively correlated with the emotional

biorhythm Cycle. The reason for this relationship is

unclear.

Research incorporating related motor skills (reac-

tion time, both simple and complex) has been reported by

Neil and Sink (45). Three subjects were tested on a

reaction time task, classified as an information process-

ing task, on a daily basis over a period of 70 days. The

performance measures obtained included reaction time,

movement time, and information processing rate. The

latter two measures were determined using Hick's Law, as

applied by Neil and Sink. Hick's Law, "... suggests that

subjects gain information, in the technical use of the

term 'information', at a constant rate". The results

obtained indicated a strong relationship between perfor-

mance and the periodicities suggested by biorhythms.

Francis (16) studied 25 boys aged 12-14 who were
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participating in basketball, track and field, or weight-

lifting activities in a junior high school. He kept a

record of the weights lifted in the bench press, clean

and jerk, and leg press over a period of 61 days.

Student's t test was used to determine the significance

of the differences between the means during the high and

low phases of the cycles. He found that during the high

phase of the physical cycle, performance in the three

test lifts was superior at the .05 level to that during

the low phase. He suggested that strength training should

be stressed during the positive phase of the physical

cycle and technique training during the negative phase.

Studies Contradictory to Biorhythm Theory

Results of controlled studies dealing with biorhythms

and athletic performance suggest that biorhythm theory

must be considered with suspicion. The following con-

trolled studies reported in the literature have in general

failed to validate the claims made by proponents of bio-

rhythm theories.

Chase (17) examined professional women golfers in

approximately 260 matches and found no correlations between

performance and any combination of biorhythm cycles.

Quigley (49) examined the relationship of biorhythms and

performance in Australian track and field records from

1969-1977 (n=330). His results showed no evidence of the

existence of biorhythms or their effects on performance.
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Quigley (50) further calculated biorhythm amplitudes for

all men's metric world records in track and field from

1913 to 1977 (n=700). No relationship could be found

between record-breaking performance and the biorhythm

phases.

Hall (24) investigated track and field events for an

entire season. No correlation between biorhythms and per-

formance could be found for any of the 16 subjects.

Louis (36) examined the relationship of biorhythms and

performance in baseball and boxing. He examined the bio-

rhythms of baseball players who had pitched no-hit games

( 100 no-hit games between 1934 and 1975), and boxers in

heavy weight championship fights ( 100 title fights,

1899-1976). No significant correlations between biorhythm

readings and individual performances were found in either

study.

Mance (39) studied the relationship of the 23-day

physical cycle to motor performance and motor proficiency.

Motor performance involved the Purdue Pegboard test and

the 12-minute walk/run test, classified as fine and gross

motor skills, respectively. Motor proficiency involved

field goals and foul shots of the six players of the

1974-75 Washington Bullets professional basketball team

with the most minutes played during the season. No

significant relationships were obtained for the physical

cycle and the gross motor performance and moter profi-

ciency areas, although evidence was found within the fine
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motor skills category generally to support biorhythm

theory. While one must certainly guestion the use of only

the physical cycle, rather than all three cycles, the

consideration that biorhythms may primarily affect fine

motor skills as opposed to gross motor skills is one that

may be critical in future research efforts.

Motor performance was also used in research by

Donnelly( 1). One group of subjects was examined on

motor performance measures in the laboratory, while actual

performance measures in the field were obtained for

members of the varsity swimming, rifle, and men's and

women's gymnastics teams. Although there was some indi-

cation of a relationship between the intellectual cycle

and performance, it was concluded the biorhythm theory

was not supported as it related to human performance.

Belowich and Sachs (4 ) evaluated the relationship

of biorhythms to the swimming performance of 21 subjects.

Two scales were used to measure position on the three

biorhythm cycles, and were compared with two types of

performance evaluations: a coach's subjective evaluation

of the swimmer's performance ( on a rating scale of 1-7),

and an objective performance evaluation consisting of

average times for a set of 10 x 50 yard swims on a 45

second send-off. The results were not supportive of bio-

rhythm theory.

Wright (68) reported that there are basically two

different views of biorhythms, the most popular theory
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is based only a person's birth date, while the other is

based on times-series analysis (TSA) techniques. Wright

developed a data collection method which involves the use

of a rating scale for each of the physical, emotional,

and mental variables. Each rating scale has numerical

value ranging from one, the most negative response, to

nine, the most positive response. The three rating scales

were used each day to obtain a quantitative measure of an

individual's relative physical, emotional, and mental

states for that day. The data were collected daily for

time periods ranging from 70 days to 1,275 days iri 10

subjects. He found that physical, emotional, and mental

cycle lengths ranging from 2 days to 54 days. Biorhythms

determined by TSA were found to be correlated with ath-

letic or physical fitness events, but no significant

correlation was found between sport performance and the

biorhythms determined from one's birth date.

Biorhythm and Athletic Injuries

According to biorhythm theory, an individual will be

more vulnerable to having physical problems and accidents

on critical days. Biorhythmic studies associated with the

frequency of injuries and accidents have been reported.

Gittelson (19) collected injury information on the 1972

Missouri Southern State football team. She reported that

of the 13 injuries which occurred during the season, 69
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percent occurred on critical days. This figure was

substantially greater than the 20.4 percent that would

occur on critical days by chance.

Martin et al (41) examined a total of 159 athletic

injuries data which incurred during the 1977 Spring

athletic season at Brockport State College. Biorhythm

data were calculated for each individual for the day of

injury in order to determine if the injury had in fact

occurred on a critical day. A lack of relationship

between athletic injuries and biorhythmic critical days

was reported. Warren and Lanning (64) analyzed a total

of 199 football injuries in their study. Two definitions

were used for critical days. Definition A is more conser-

vative and defines a critical day as the first day of any

cycle and the mid-point day of any cycle. Definition B

includes all of the critical days in definition A, but

also includes the days before and after each of the

critical days in definition A. No significant relation-

ship existed between the occurrence of a football injury

and biorhythmic critical day of the injured player.

Johnson (27) attempted to determine a relationship

between biorhythm cycles and football injuries. He con-

cluded from his findings that there was no relationship

between the emotional and intellectual rhythms and the

occurrence of football injuries, but a possible relation-

ship appeared between the physical rhythm and incidence
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of injury.

Jun (28) evaluated the relationship between biorhy-

thms and injuries to college football participants repre-

senting Oregon State University. The population consisted

of 192 players who participated in the intercollegiate

football seasons of 1981 and 1982. No significant rela-

tionship was found between the critical days of the bio-

rhythm of individual players and the occurrence of foot-

ball injuries.

Summary

A review of related literature revealed that there

is a great amount of controversy over the validity

of the biorhythm theory. Proponents believe that there

are numerous and invisible rhythms underlying the patterns

of life within mankind which would subtly dictate how man

behaves, performs and feels(45,40,54).

The application of biorhythms to athletic perfor-

mance have met with reported success early in the 1970's,

but has been recently considered to be without reliabi-

lity. Scientific, controlled studies dealing with biorhy-

thms and athletic injuries have produced results which

suggest that the biorhythm theory must be considered with

suspicion.
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Injury studies related to biorhythms tend to focus

on contact sports. Very few investigations have been re-

ported which are associated with non-contact sports.

Further exploration into the many facets of biorhythm

theory is needed to fully determine the extent, if any,

of cyclic influence upon different types of athletic

injury.
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CHAPTER III

PROCEDURES

This chapter describes the procedures employed in

the collection and evaluation of the data, For clari-

fication, the procedures are arranged according to the

following areas:

1. Sample

2. Collection of data

3. Computation of biorhythms

A. Definition of critical days

B. Mathematical basis of biorhythms

C. Computing and charting biorhythms

Sample,

Injury data were collected from the injured fourteen

female gymnasts of Oregon State University who were eligi-

ble for intercollegiate competition in accordance with rules

established by the National Collegiate Athletic Association

in the 1981 to 1984 seasons. From the fourteen women, a total

of thirty injuries were recorded. Each of the women were in

training for competition in all of the official events with

the same coach.

Collection of Data

Injury data and birthdate data for this study were

obtained from Ms. Betsy Slemmons, Oregon State University

Assistant Athletic Trainer. Data were collected from 1981
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to 1984, and as injuries occurred throughout each entire

season from the first day of practice through the last

competitive meet. The injuries included were only those

acute injuries which occurred during practice or compe-

tition. Illness or any chronic(long term) injury was not

to be included as an injury. Only those injuries were

recorded which were severe enough such that the injured

gymnasts had to be out of practice for regular training

or to miss competition. Injuries incurred by subjects

were included only if the injuries were new or if a

sufficient time lapsed for old injuries to heal.

Computation of Biorhythms

Definition of critical days

There are several ways to define a critical day.

Essentially, a day is "critical" when the probability of

occurrence is highest and the probability of occurrence

varies according to the number of days considered

critical. For this study two definitions of the critical

days were used to determine what days would be considered

critical.

Definition A is most accepted in biorhythm publi-

cations. A critical day is defined as a 24 hour period

(49). The date of birth is taken as a critical day. Since

the precise moments of birth and of the event are not

usually known, the best approximation is to take 12 noon
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as the hour of birth. Day 1 in each cycle then becomes a

critical day.

In the 28 day emotional cycle day 15 is the second

critical day. However, in the physical and emotional cycle,

the crossover point falls between two days and therefore

the critical 24 hour period extends from 12 noon on the

first to 12 noon on the second. In this analysis half

the records occurring on each of these two days were con-

sidered to fall within the critical day and half outside

it. Therefore in each cycle two days were considered

critical and of the remainder half were in the positive

phase and half were in the negative phase. These propor-

tions yielded to expected frequencies for a random model.

Definition B is more flexible. A critical day is

defined either as the first day of any cycle or as the

mid-point day of any cycle (64). Since, for the physical

and intellectual cycles, there are an uneven number of

days in cycle the mid-point includes two overlapping days.

Therefore, the critical days for each of the cycles are:

physical 1,12,13; emotional 1,15; intellectual 1,17,18

(Figure 3-1).

Definition A is the most commonly used definition

in biorhythm publications(61). Definition B has also been

included in this study because it has been most often

used in the popular application of biorhythm theory(64).

The following information presents the formulas for
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computing the expected frequency of injuries as they were

used in the analysis of this study(50).

Definition A

The random probabilities p(P) of an injury occurrence

on a day that was critical in the physical cycle, but non-

critical on the other two cycles is:

p(P)= p(P critical) x p(E non-critical) x p(I non-critical)

=(2/23)x(26/28)x(31/33)

=.0759

where p= probability, and

P= physical cycle

E= emotional cycle

I= intellectual cycle

The random probabilities p(E) of an injury occurrence

on a day that was critical in the emotional cycle, but

non-critical on the other two cycles is:

p(E)=p(P non-critical) x p(E critical) x p(I non-critical)

=(21/23)x(2/28)x(31/33)

=.0613

The random probabilities p(I) of an injury occurrence

on a day that was critical in the intellectual cycle, but

non-critical on the other two cycles is:

p(I)=p(P non-critical) x p(E non-critical) x p(I critical)

=(21/23)x(26/28)x(2/33)

=.0514

The random probabilities of an injury occurrence on
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a day with more than one cycle in the critical phase is:

p(P+E)=(2/23)x(2/28)x(31/33)=.0058

p(P+I)=(2/23)x(26/28)x(2/33)=.0049

p(E+I)=(21/23)x(2/28)x(2/33)=.0040

p(P+E+I)=(2/23)x(2/28)x(2/33)=.0004

Definition B

p(P)=p(P critical) x p(E non-critical) x p(I non-critical)

=(3/23)x(26/28)x(30/33)

=.1101

p(E)=p(P non-critical) x p(E critical) x p(I non-critical)

=(20/23)x(2/28)x(30/33)

=.0565

p(I)=p(P non-critical) x p(E non-critical) x p(I critical)

=(20/23)x(26/28)x(3/33)

=.0734

p(P+E)=(3/23)x(2/28)x(30/33)

=.0110

P(E+I)=(20/23)x(2/28)x(3/33)

=.0056

p(P+E+I)=(3/23)x(2/28)x(3/33)

=.0008

The probabilities determined in both Definition A and

Definition B for each of the eight mutually exclusive

categories related to critical days are shown in Table

3-1.
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Table 3-1

Random Probabilities of An Injury Occurring on A Day with

Zero, One or More Than One Cycle in the Critical Phase

Critical Phases

Zero or Single Multiple

p(0) =.7963 (non-critical) p(P+E)=.0058

Def.A p(P)=.0759

P(P)=.0613

P(I)=.0514

p(P+I)=.0049

0E+1)=.0040

P(P+E+I)=.0004

p(0)=.7341 (non-critical) p(P+E)=.0085

Def.B
P(P)=.1101 p(P+I)=.0110

P(E)=.0565 p(E+I)=.0056

P(I)=.0734 p(P +E +I) =.0008

Mathematical Basis of Biorhythms

Bioryhthmic charting is a model based on mathema-

tics of sinusoidal functions. To obtain the correct

sinusoidal wave pattern the formula for sinusoidal wave

is used(2), the basic rhythm, A, may be symbolized by a

2n
sine wave with period T: A= sin[ -7,-(t+95)] (3.1)

where 2n= 3600

T= period in days

t= time in cycle days

0= phase displacement
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Consequently, individuals with different birth dates

will have different composite biorhythm charts, even

though the theory holds that the cycles of all individuals

follow the same 23,28, and 33 day biorhythms. Three bio-

rhythm cycles may be described at any point in time by

the following relationship:

P = sin[ 27r/23 (t+ 01 ) ] (3.2)

E = sin[ 27r/28 (t+ 02) ] (3.3)

I = sin[ 27r/33 (t+ 03)] (3.4)

where P = the physical cycle

0
1
= physical phase displacement

E = emotional cycle

02= emotional phase displacement

I = intellectual cycle

03= intellectual phase displacement

To calculate a subject's biorhythm at any given

time, it first requires that the date being recorded be

specified. The subject's age in days from the date of

birth, up to and including the date of injury, must next

be determined. In the calculation, consideration should

be given to regular leap years. The phase displacement

may be calculated and employed in Equation (3.2),(3.3),

(3.4):

0 = (Y/CL - CC)

where 0 = phase displacement, or day of the current

biorhythm cycle on which the observed event

occurred
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Y= subject's age

CL= cycle length in days(23 days for physical, 28

days for emotional, 33 days for intellectual)

CC= whole number of completed cycles(whole number

associated with Y/CL)

Figure 3-2 illustrates a typical biorhythm cycle at

a specified point in time.

ACCIDENT PRONE DAY
(TYPICAL!

TIME lt1

ti IS THE DAY OF INTEREST

Figure 3-2 Typical Biorhythm Cycle

Computing and Charting Biorhythms

Although mathematical calculations can be used to

obtain biorhythm chart values, it is also possible to

obtain these values from tables found in Gittelson's

Biorhythm Charts(21).

In order to assure accuracy, values used in this study

were obtained using both methods.
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CHAPTER IV

RESULTS AND DISCUSSION

The purpose of this study was to determine if athle-

tic injuries of female college gymnasts were related to

physical, emotional and/or intellectual biorhythm cycles.

Data were collected from a sample of fourteen injured wo-

men gymnasts of Oregon State University over a period from

1981 to 1984. A total of thirty injuries were recorded du-

ring that period of time. Critical days were calculated

for each of the individuals in accordance with two defini-

tions of critical days.

Results

The incidence and the percentage of injuries which

occurred during 1981 to 1984 is shown in Table 4-1.

Table 4-1

Injury Incidence and Percentage by Year

Year 1981 1982 1983 1984 Total

Number of
Injuries

4 12 7 7 30

13.33 40.00 23.33 23.33 100

It may be seen that 1982 was the year when the most
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injuries occured. 1983 and 1984 were the second years for

injuries. These data are illustrated in Graph 4-1.

The incidence of injury by anatomical location is

presented in Table 4-2.

Table 4-2

Injury Incidence and Percentage by Anatomical Location

Anatomical Location Number of injuries

Shoulder Joint 2 6.67

Sternum 2 6.67

Lower Back 1 3.33

Elbow Joint 2 6.67

Finger 1 3.33

Quadriceps 1 3.33

Knee 7 23.33

Anterior Tibialis 2 6.67

Extensor Hallucis Longus 1 3.33

Soleus 1 3.33

Ankle 6 20.00

Foot 4 13.33

Total 30 100.00

The knee(23.33%) was the most .frequent the site of

injury. The ankle(20%) and the foot(13.33%) were the se-

cond and the third most common anatomical site of injury.

These data are illustrated in Graph 4-2.
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Table 4-3 shows the incidence of injury on critical

days. It can be seen that the use of Definition A produced

Only three injuries on critical days. Use of Definition B,

however, produced seven injuries on critical days.

Table 4-3

Injury Incidence of Critical Days

Critical Injury
Def.

Incidence
A Def. B

Single Physical 0 2

Single Emotional 1 2

Single Intellectual 2 3

Double Critical 0 0
(P+E)

Double Critical 0 0
(E+I)

Double Critical 0 0
(P+I)

Triple Critical 0 0
(P+E+I)

Total 3 7

P = Physical
E = Emotional
I = Intellectual

Statistical Treatment

Data were statistically analyzed to test the hypothe-

sis that no significant differences exist between the num-

bers of injuries and physical, emotional or intellectual
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biorhythmphases. Owing to small cell values for expected

frequencies, Chi-Square with Yates' correction for conti-

nuity(12) was applied to determine statistical significance

2 (10bserved-Expected) -.5) 2

at .05 level of confidence(X - Expected ).

Expected frequencies(random probabilities of injuries occ-

urrence on crical days) were determined to compare them

with the observed injury frequencies.

Table 4-4 and 4-5 below present the results of analyses

with the Yates' corrections. Table 4-4 illustrates the

Chi-Square statistical analysis of non-critical days and

critical days.

Table 4-4

Chi-Square Analysis of Non-Critical Days and Critical Days

Definition A
Cycle

Obs. Exp.
Chi- Definition B

Square Obs. Exp.
Chi-

Square

Non-Critical

Single
Critical

Multiple
Critical

27

3

0

23.89

5.66

.45

.29

1.76

2.01

23

7

0

22.02

7.2

.78

.01

.07

2.1

4.06 2.18

N = 30
a = .05
Tabular X = 5.99

The number of injuries that occurred on critical

days is shown in Table 4-4. Because of their small numbers,

double and triple critical days have been combined in a sin-
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gle cell. The non-significance of injuries on critical days

is proportional to the number of critical days, and there-

fore fits a random model. There is no evidence from the

analysis of thirty gymnastic injuries to support the

hypothesis that injuries are more frequent during critical

days than at other times.

The observed and expected frequencies for injury in-

cidence during positive, negative and critical phases of

each individual cycle are shown in Table 4-5.

Table 4-5

Injury Incidence During Individual Cycle Phases

Injuries ObservedCycle
Def.A Def.B

Injuries
Def.A

Expected Chi-Square
Def.B Def.A Def.B

Physical
Positive 15 13 13.70 13.05 .05 .02
Negative 15 15 13.70 13.05 .05 .16
Critical 0 2 2.61 3.91 3.71 1.49

3.81 1.67

Emotional
Positive 17 16 13.93 13.93 .47 .18
Negative 12 12 13.93 13.93 .42 .42
Critical 1 2 2.15 2.14 1.27 .19

2.16 .79

Intellectual
Positive 11 10 14.09 13.64 .91 1.26
Negative 17 17 14.09 13.64 .41 .60
Critical 2 3 1.82 2.72 .06 .31

1.38 2.17

N = 30
a = .05
Tabular X = 5.99

The non-significant Chi-Square indicates t1-iat injuries

occurred randomly with respect to each cycle.The null
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hypothesis was retained. There is no evidence in this

study to support the hypothesis that injuries are more

frequent during the negative phase of physical, emotional,

and intellectual cycles.

Discussion

As noted in Table 4-4 and Table 4-5, all obtained Chi-

Square values were less than 5.99, the value needed to es-

tablish significance of the .05 level with two degrees of

freedom. In each instance the hypothesis testing rejected

the null hypothesis. Therefore, the following statements

are justified:

1. The number of injuries which occur on critical days is

not more frequent than the number of injuries which occur

on non-critical days.

2. The number of injuries is not more frequent during the

negative phase of physical biorhythm cycle than during the

positive phase.

3. The number of injuries is not more frequent during the

negative phase of emotional biorhythm cycle than during

the positive phase.

4. The number of injuries is not more frequent during the

negative phase of intellectual cycle than during the po-

sitive phase.

5. The number of injuries is not more frequent during the

negative phase than during the positive phase when the

physical, emotional, and intellectual biorhythm cycles are
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combined.

Biorhythm proponents (60,21) claimed that when an

individual's biorhythm cycles are negative or critical, an

increased probability of accident or human error result.

If the theory is true, an individual will be more likely to

have a gymnastic injury on a physical, emotional, and/or

intellectual negative phases or critical days. However,

this theory was not shown to be supported in the present

study, even though the use of Definition B provided a much

greater critical probability. Studies from Martin et al(41),

Warren and Lanning(64), Johnson(27), Wood et al(67), and

Jun(28) produced similar conclusions.

It was suggested(50) that if biorhythm studies are to

be acceptable, they must be based on 1) objective measures

of the event, 2) publicly accessible data, 3) all the

events within a defined population, and 4) valid statisti-

cal analysis. Unfortunately, authors of most biorhythm

books of the popular literature do not meet such qualifi-

cations. Most of the presumed evidence consists of a selec-

tion of specific events to support the biorhythm theory.
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CHAPTER V

SUMMARY, FINDINGS, CONCLUSIONS, AND

SUGGESTIONS

Summary

The review of literature for this study revealed

there is a great amount of controversy over the vali-

dity of the biorhythm theory. The biorhythm theory is con-

sistent with observations of fundamental biological

rhythms. Biological rhythms are basic, relevant and ever

present physiological phenomena in human life and present

in plants, animals, and humans. Biorhythm theory propo-

nents believe that a human has 23-day physical, 28-day

emotional and 33-day intellectual sinusoidal cycles.

The physical cycle relates to activities of a

physical nature. The emotional cycle influences situa-

tions of high emotional content. The intellectual cycle

takes on importance in performances which require cog-

nitive activity.

When a cycle is in the positive portion of an osci-

llation, energy is considered to be discharged. Thus, per-

formance potential is enhanced for those tasks related to

this particular rhythm. When each cycle crosses the base-

line from positive to negative, or vice versa, that point

represents a critical day. During critical days, perfor-

mance potential is considered highly unstable. It is
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believed that incidents of human error are especially

numerous on critical days.

The general problem specifically involved was to de-

termine if gymnastic injuries are related to physical, emo-

tional, and/or intellectual biorhythm cycles. More speci-

fically, the problem was to determine the extent to which

the positive, negative and critical phases of the three bio-

rhythm cycles or their combinations contribute to gymnastic

injuries. An additional effort was made to assess the inci-

dence of gymnastic injuries by anatomical location. Data

were collected from a sample of fourteen injured women gym-

nasts of Oregon State University over a period from 1981 to

1984. A total of thirty injuries were recorded during that

period of time, and the knee injuries were the most common.

Critical days were calculated for each of the indivi-

duals in accordance with the two definitions by which cri-

tical days are identified. Definition A is most accepted

in biorhythm publications. By definition A a critical day

is defined as a 24 hour period of which 12 hours fall on

each side of the point where the cycle passes from positive

to negative. Definition B is more flexible. A critical day

is defined as the first day of any cycle and/or as the mid-

point day of any cycle. Therefore, under the definition B

the critical days for each of the cycle are: physical 1,12,

13; emotional 1,15; intellectual 1,17,18.

The raw data were obtained both by using the Gittel-

son's biorhythm charting method and by mathematical calcu-
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lation. Expected frequencies were determined to compare them

with the observed injury frequencies. Chi-Square with Yates'

correction for continuity was employed to determine the sta-

tistical significance at the .05 level of confidence.

Findings

In relation to the hypotheses stated in Chapter 1,

the analysis of the data revealed the following:

1. Hypothesis Number 1

The statistical analysis supported the null hypo-

thesis. The number of injuries which occurred on critical

days was not more frequent than the number of injuries

which occurred on non-critical days.

2. Hypothesis Number 2

The statistical analysis supported the null hypo-

thesis. No differences exist between the number of inju-

ries that occurred during the different phases of the

physical biorhythm cycle.

3. Hypothesis Number 3

The statistical analysis supported the null hypo-

thesis. No differences exist between the number of inju-

ries that occurred during the different phases of the

emotional biorhythm cycle.

4. Hypothesis Number 4

The statistical analysis supported the null hypo-

thesis. No differences exist between the number of

injuries that occurred during the different phases of
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the intellectual biorhythm cycle.

5. Hypothesis Number 5

The statistical analysis supported the null hypo-

thesis. No differences exist between the number of

injuries that occurred during the different phases of

the combination of physical, emotional, and intellec-

tual biorhythm cycles.

Conclusions

Based upon the analysis of the data, the following

conclusions were considered appropriate:

1. The data do not support the hypothesis that gymnastic

injuries should be more frequent during critical days

than on non-critical days.

2. The data do not support the hypothesis that gymnastic

injuries should be more frequent during the negative

phase of physical biorhythm cycle than during the positive

phase.

3.. The data do not support the hypothesis that gymnastic

injuries should be more frequent during the negative phase

of emotional biorhythm cycle than during the positive phase.

4. The data do not support the hypothesis that gymnastic

injuries should be more frequent during the negative phase of

intellectual biorhythm cycle than during the positive phase.

5. The data do not support the hypothesis that gymnastic

injuries should be more frequent during the negative

phase than they are during the positive phase when the
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physical, emotional, and intellectual biorhythm cycles

are combined.

In summary, The data of this study are in agreement

with other studies (41,64,27,67,28) which do not support

biorhythm theory. Consequently, attention to biorhythms

would seem to be ineffective as a means of avoiding gym-

nastic (or other) injuries,(i.e., by remaining inactive

during critical days).

Suggestions for Further Study

The results of this study suggest the following:

1. A similar study might be more meanningful if a sample

were used for which the exact times of birth are known so

that the biorhythm cycles and critical day periods could

be precisely identified.

2. A similar study might be useful if one examined the

influence of the various biorhythm cycles upon such phy-

siological variables as eaction time, metabolic rate,

and perceptual functions.
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APPENDIX A

Biorhythm Position and Injury Anatomical Location
of the Injured Gymnasts

Inju- Birth
ries Date

Injury
Date

P

Biorhythm
Def. A

E I

Position
Def. B

P E I

Anatomical
Location

01 7-28-62 1-7-83 + Knee

02 8-31-62 2-3-82 + + + + Elbow

03 9-21-59 10-20-81 + + + + - Knee

04 9-21-59' 12-10-81 - - - - Sternum

05 9-21-59 2-6-82 + - - Knee

06 8-20-62 9-27-82 + + + + Quadriceps

07 8-20-62 2-2-82 + Foot

08 8-20-62 2-6-82 + 0 Ankle

09 8-20-62 3-19-82 + - Ankle

10 12-25-61 10-6-81 + - Lower Leg

11 12-25-61 1-21-81 - - + - - + Metatarsals

12 12-25-61 3-2-82 - + + - + + Foot

13 12-25-61 3-1-84 + + - + + - Shoulder

14 1-18-63 12-7-82 - + + - + + Knee

15 1-18-63 3-1-84 + + - + 0 - Finger

16 3-12-63 2-28-82 + + - + + - Ankle

17 3-12-63 5-8-82 + + + - + Knee

18 8-15-63 1-15-82 - + + - Lower Leg
(Tibialis)

19 8-15-63 9-19-83 + + + + + + Knee

20 8-15-63 1-11-83 + + + + - Lower leg
(Soleus)

21 8-15-63 3-26-83 + 0 + Knee
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Inju- Birth
ries Date

Injury
Date

P

Biorhythm
Def. A

E I

Position
Def. B

P E I

Anatomical
Location

22 8-15-63 2-10-84 + + - + + - Foot

23 8-12 64 2-10-84 - + - - + - Ankle

24 3-6-64 11-10-83 - 0 - - 0 Elbow

25 10-8-64 12-30-82 + - - 0 - - Ankle

26 7-5-62 1-19-84 0 + + 0 + Shoulder

27 7-13-61 2-29-84 + 0 + + 0 Sternum

28 7-13-61 1-4-84 + - - + - Shoulder

29 7-13-61 10-3-83 - - Lower Back

30 12-1-65 10-10-83 - - - Knee
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CODES: P-PHYSICAL EICRHYTHM CURVE.E-EMOTIONAL BIORmY71-.M CURVE,I-INTELLECTUAL BIORHYTA CURVE
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