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ABSTRACT

The purposes of this study were to investigate the
effect of a single erythemal intensity ultraviolet exposure
on motor performance, and to determine if a difference ex-
ists between the effects of ultraviolet rays on physically
active and relatively sedentary subjects. This study was
conducted in 19?74 during the months of January, February,
and March, when normal solar radiation was relatively low.

Two experimental groups of trained and untrained
subjects were formed from caucasian male students enrolled
at kast Carolina Univercsity, ureenville, North Carolina.
The trained subjects were 20 wrestlers, swimmers, or baskect-
ball players who were training vigorously during the data
collecting period, Untrained subjects were 20 volunteers
from health classes who were not members of athletic teams
or physical education classes,

bach subject was exposed to both an ultraviolet
sunlamp and an incandescent lamp on a counter-balanced
order. Ultraviolet treatment consisted of a 1l2-minute ex-
posure from a uveneral klectric kS 275 watt sunlamp on the
abdomen and lower back, A placebo treatment was administer-
ed in the same manner with an outdoor floodlight (ueneral
Electric, model 150 PAR/FL). Subjects were not allowed to
see the lamps, and were informed that ultraviolet rays of

ix



different wavelengths were beling used on the two treatment
occasions, A waiting period of two weeks was observed be-
tween treatments,

Each subject was administered a motor performance
test 24 hours after each treatment, The test battery con-
sisted of a vertical power jump, a tntal bniy response test,
elbow flexion strenesth, 30-yard sprint, and the bBalke-dare
treadmill test of physical work capacity, A two x two
factorial analysis of variance involving repeated measures
was nuceed to analvze performance changes under the two light
condlitions, ani to determine interaction that might exist
hetween grouns and lisht,

Within the limitations of this study, the findings
were.

1, Ultraviolet irradiation, as administered in this
studiy, failed tn affect merformance in power, speed, or

total bodv resnonse,

2, rerformance in elbow flexion strength was im-
vaired at the 05 level of confidence after ultravinlet

irradiation.

3., Ultraviolet irradiation impaired performance on
the Balke-ware physical work capacity test at the ,01 level

of confidence.

4, There was no significant interaction between
groups and light effects on performance in any of the para-

meters investigated,



Besults of previous investigations concerning ultra-
violet effects on man were discussed as plausible reasons
for the decrement in physical work capacity observed in this
study. Possible suggestions included: (1) a decreased re-
liance upon carbohydrates, necessitating an increased oxygen
consumption, (2) ultraviolet induced destruction of erythro-
cytes, reducing the oxygen-transporting capacity of blood,
and (3) an increase in cutaneous blood flow that may produce
effects similar to the increased peripheral circulation that
occurs during exercise in a hot environment, which 1s char-
acterized by tachycardia induced by a reduced cardiac fill-
ing pressure and stroke volume,

Based on the findings, the following conclusions
were formed:

1. A single ultraviolet exposure of erythemal in-
tensity impaired performance in physical work capacity and
muscular strength,

2. Motor parameters involving speed of muscular
contraction were not affected by ultraviclet irradiation.

3. There was no difference with regard to the phy-
sical condition of the subjects and their response to an
ultraviolet exposure,

4. A single ultraviolet exposure will not serve as
an ergopenic ald to improve motor performance, and may even

be considered 11l advised.

xi



Chapter 1

INTRODUCTION

Sunlight has long been considered important to

health, Ancient Greek physicians prescribed sunbathing for

increasing body welight, strengthening muscles, and restoring

health in general.l Even today, the pale complexion of an

untanned person is often interpreted as an anemic condition,

In moderation, sun basking is considered capable of exerting

a soothing effect that relieves tensions., Solar irradiation

1s also recognized for its antigermicidal effect and its

antirachitic role. During World War 11, German submarine
personnel and troops stationed in Norway were exposed to

artificial ultraviolet rays. Miners and factory workers

deprived of adequate solar rays have also been administered
artificial ultraviolet treatments.2 Thus, solar exposure
has been sought for its healthful effects, and artificial
sources have been substituted when necessary.

Light ranges in wavelengths from 40 angstroms to

150,000 angstroms, but not all of these wavelengths may be

lsidney Licht, "History of Ultraviolet Therapy,"
Therapeutic Electricity and Ultraviolet Radiation, ed. S.
Licht (2nd ed,; Baltimore: Waverly FPress, 1967), p. 195.

2Lewis R. Koller, Ultraviolet Hadiation (2nd ed.;
New York: John Wiley and Sons, Inc., 1965), p. 226,

1



detected by the human eye. Visible light differs in wave-
length for different individuals, and for each individual as
he ages, but the visible light band as defined by the Inter-
national Commission on Illumination ranges from 3800 to 7800
angstroms., Rays 7600 angstroms or longer are classified as
infrared, and rays 3900 angstroms and shorter are considered
to be ultraviolet.3

Within the ultraviolet spectrum, rays have been fur-
ther classified as being in "Near, Far, or Extreme" regions
according to their wavelengths., "MNear®" ultraviolet consists
of wavelengths 3,000 to 4,000 angstroms in length; "Far"
wavelengths range from 2,000 to 3,000 angstroms; and "Ex-
treme" wavelengths are shorter than 2,000 angstroms.

The advent of Christianity inhibited the development
of knowledge concerning ultraviolet. Attributing curative
powers to the sun was considered a pagan practice.5 The
scientific study of artificial irradiation is sald to have
originated as recently as 1899 with the discovery that the
ultraviolet region of sunlight was the range of light that
induced sunburn. N. R. Finsen, noted as a pioneer in the
use of ultraviolet energy in therapeutic medicine, was
awarded the Nobel Prize in 1903 for his contributions in
this area.6 Despite the frequent use of ultraviolet therapy

in medicine today, considerable disagreement still exists

3Koller, P. 3. uﬁoller, P. 5.

6

SLicht, p. 195. CPKoller, p. 226.



3
regarding its effects and the physical basis for its action,
The production of erythema, ultraviolet's antirachitic role,
and the destruction of bacteria are the only areas of the
biocloglical field that are commonly accepted and supported by
gquantitative data.?

Outside of the realm of ultraviolet therapy and its
contributions toward health in general, some investigators
have claimed ultraviolet irradiation improves human work
performance. While researching the effects of isometric
exercise, Hettinger observed that the rate of strength gains
from November through March were not as large as the gains
made by subjects who trained during the summer months, Het-
tinger at first attributed this to dietary differences, or
posslibly differences in basic living patterns between the
seasons. However, when these variables were controlled, the
seasonal differences between muscular trainability still
exlsted., Subjects were then exposed to weekly irradiations
of artificial ultraviclet rays during the winter, and an
increased rate of strength gains that paralleled those ob-
served in the summer were noted. This increase, Hettinger
concluded, was not due to an increase in vitamin D, because
an increased consumption of vitamin D without ultraviolet

had no effect on muscle trainability.8

"koller, p. 227.

8Theod0r Hettinger, Physiology of Strength (Spring-
field, Illinois: Charles ¢, Thomas, Publishers, 1961},
pp. 41-44,




Allen and Cureton conducted a study involving male
physical education students at the Unlversity of Illinois
who scored in the lower third of the freshmen class on a
motor fitness test, Class members were exposed to the same
physical activity for a period of ten weeks, but one gZroup
of experimental subjects received regular ultraviolet treat-
ments tri-weekly, while the control group received no light
treatment, The experimental group demonstrated improvement

on the Schneider test of cardlovascular fitness, while the

control group failed to improve, Various other physiolo-
Zical parameters investigated failed to show a significant
change, However, the researchers reported that thelr obser-

vations, ". . . were all in the direction which suggests

improved condition due to the ultraviolet 1rradiation."9

otatistical comparisons were limited to initial and final
scores for each froup, and no comparisons were made between
grouns,

Some investigators have stated that improved motor

performance occurs only when the ultraviolet dosage 1is of

erythemal intensity. Minimal erythema is the level at which

a reddening of the skin occurs following the treatment.lo

9Hobert M. Allen and Thomas K, Cureton, "Effect of
Ultraviolet Radiation on Physical PFitness," Archives of
Physical Medicine and Hehabilitation, XXVI (October, 1945),
641,

loBryan 0. Scott, "Clinical Uses of Ultraviolet Ra-

diation,* Therageutic Electricity and Ultraviolet Badiation,
ed. Sidney c nd ed.; more: waverly Press, ,

p. 341,
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An exposure of an intensity too low to produce an erythemal
response 1s described as a suberythemal exposure. The mini-
mal erythemal value for average untanned skin is 25,000
microwatt-seconds per square centimeter utilizing 2967 ang-
strom wavelengths, the most efficient wavelength for causing
an erythemal reSponse.11 Erythema may be difficult to
detect visibly. A latent period of several hours precedes
an erythemal response, and a large variance exists between
individuals in latency and degree of response., Lrythema
should not be confused with hyperemia, which is an immediate
and temporary reddening caused by excessive peripheral blood
flow.12

More recently, a series of studies have suggested
that motor performance may be improved without erythemal
Intensity exposures or repeated treatments, Several studies
originating from Texas woman's University at Denton suggest
that single suberythemic exposures incapable of producing an
erythemal response may serve as an ergogenic aid that will
temporarily improve performance. Cheatum investigated the
influence of a single suberythemic exposure on speed in a
30-yard sprint. Female subjects were tested one hour after
treatment under a General Electric HS 275 watt sunlamp or an
incandescent lamp used for placebo effects. A beneficial
effect was noted on each of the three sprints, but the last

trial was the only trial that was significantly better under

1 1

lgoller, p. 15. “Koller, p. 227.



ultraviolet conditions. Cheatum concluded tr 't possibly a
one~hour delay following treatment is not adequate to allow
for the complete development of beneficial effects.13

A similar study was designed by Rosentswieg using
the same treatment procedures as employed by Cheatum, The
suberythemal treatments administered provided a dosage about
one-half that suggested for an erythemal response. A bi-
cycle ergometer was used to administer a physical work ca-
pacity test one hour after either an ultraviolet or placebo
treatment. Subjects exercised until a heart rate of 170 was
attained, The data revealed a positive trend for ultra-
violet effects, but the difference was not significant until
the scores of three trained sublects were removed from the
data. Performance scores of the remaining five average
subjects were significantly 1mproved.1J+

Rosentswieg designed a third study to investigate
the effects of ultraviolet on strength at one and five hours
following exposure. Significant gains for the ultraviolet
condition were not observed at either test hour. However,

Rosentswieg concluded that the data collected on numerous

13Billye A, Cheatum, "Effects of a Single Blodose of
Ultraviolet Radiation Upon the Speed of College wWomen," The

Research Quarterly, XXXIX (October, 1968), 482,

14Joel Hosentswieg, "The Effect of a Single Subery-
themic Blilodose of Ultraviolet Hadiation Upon the Endurance
of College Women," Journal of Sports ledicine and Fhysical

Fitness, IX (June, 1969), 104,




7
muscle groups established a trend indicating ultravioclet may
serve as an ergogenic aid to increase strength.15

The entire matter concerning beneficial effects from
ultraviolet irradiation is subject to criticism, because the
means by which ultraviolet could affect such changes is
speculative, DBeneficial claims are sometimes supported by
observations rather than objective measurements of perfor-
mance. Hesearch has frequently involved case studies or
small groups without scatistical treatment of the collected
data. Controls were lacking in some instances, or a placebo
effect was not included. Contradictory results have been
reported in some cases. Allen and Cureton detracted from
the confidence that could be placed in their findings when
they stated that the ultraviolet group showed greater inter-
est and attended class more re_ﬂ;ularly.l6 This implied the

possibility that factors other than ultraviolet influenced

the gains of their experimental group.
STATEMENT OF THE PROBLEHM

Based on suberythemlc exposures, Kosentswieg and
Cheatum suggested that a single ultraviolet treatment might

serve as an ergogenic aid to improve motor performance,

15Joel Rosentswieg, "The Effect of a Single Subery-
themic Bilodose of Ultraviolet ltadiation Upon the Strength of
College Women," Journal of the Association for Fhysical and
Mental Hehabilitation, XXI (July/August, 1967), 131,

16

Allen and Cureton, p. 644,



8
Does a single ultraviolet irradiation at an intensi-
ty recommended for minimal erythemal response affect motor
performance, and 1f so, what particular motor parameters?
Do trained subjects who are physically active respond to
ultraviolet irradiation in the same manner as do untrained

subjects whose daily customs are relatively sedentary?
PURPOSE OF THE STUDY

The purposes of this study were: (1) to determine if
a single exposure of ultraviolet at an intensity sugzested
for minimal erythemal response influences motor performance
in tests of power, total body response, strength, speed, and
physical work capacity; and (2) to determine if active ath-
letes respond differently from relatively sedentary subjects

following a single treatment.
DELIMITATIONS OF THE STUDY

This investigatlion concerned the effects of ultra-
violet rays on motor performance, with the folliowing delimi-
tations applicable to the findings, Ultraviolet irradiation
was limited to the effects of wavelengths enmitted by a
General Electric RS 275 watt sunlamp, the only source of
ultraviolet energy used in this study. No subject received
a series of exposures; findings were limited to the effects
of a single treatment suggested for a minimal erythemal re-
sponse, The effects of different intensitles was not

considered a purpose of the study.



Motor performance, as investigated in this study,
was limited to measures of power, total body response,
strength, speed, and physical work capacity. Since all data
were collected 24 hours after irradiation, conclusions con-
cerning ultraviolet effects were limited to this particular
time frame. No effort was made to observe changes that
might occur at other time intervals,

Only male caucasian college students were used as
subjects, and the findings may not apply to another race,

sex, Or age group.
LIMITATIONS OF THE STUDY

No attempt was made to determine the exact minimal
erythemal threshold for each subject and to administer in-
dividual treatments accordingly. All subjects received a
uniform treatment of the same intensity, and the erythemal
and biological effects may have differed from one subject to
another,

Although controls were adequate to standardize test
procedures, no controls over subjects were possible beyond
the confinements of the laboratory environment., Subjects
were requested to continue their ordinary daily customs dur-
ing the 24 hours before testirng, but to refrain from smoking
or eating one and three hours respectively before the tests.
The investigator had to assume that the subjlects adhered to

these requests.
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DEFINITION OF TERMS

For the purposes of this study, the following defi-
nitions are provided:

Ultraviolet treatment. An ultraviolet treatment was

an exposure under a General Electric KRS 275 watt sunlamp for
twelve minutes on the anterior and posterior aspects of the
upper torso, with the lamp positioned one yard from the sub-
Ject., This dosage was selected to meet the 42 Lk-viton
minutes per square centimeter standard adopted by the Coun-
cll of Physical Therapy of the American Medical Association
for a minimal erythemal response, Computation of the ex-
posure time is presented in Appendix H.l?

Placebo treatment., A placebo treatment 1ls defined

as an exposure under a General Electric incandescent outdoor
flecodlieght (model 150 YAR/FL) on the anterior and posterior
aspects of the upper torso, with the subject placed one yard
from the lamp. Exposure times were twelve minutes on each
side. Subjects were informed that an ultravioclet exposure
was being administered during this treatment.

Suberythemic treatment. Suberythemic treatments

were mentioned frequently in the literature review, but not
used in this study. A suberythemic exposure is one inade-
quate in dosage to produce an erythemal response.

Trained zroup. Wrestlers, swimmers, and basketball

players who were participating in viforous daily exercise

1?Appendix M, page 93.
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bouts as members of varsity athletic teams at East Carolina
University served as trained subjects in this study.

Untrained group. The untrained group was comprised

of volunteers from health classes who were not participating
in regular exercise of a strenuous nature. These subjects
were not enrolled in physical education classes nor members
of athletic teams at East Carolina University.

Counter-balanced procedure. Light treatments were

administered on a counter-balanced order, in which half of
each group recelilved ultraviolet irradiation on the initial
treatment while the other half received a placebo exposure,
Treatment conditions were reversed on the second exposure,

The treatment format is presented in Appendix L.18

SIGNIFICANCE OF THE STUDY

Research is needed to clarify opposing claims rela-
tive to ultraviolet'!s effect on motor performance. Previous
studies involving single exposures were all suberythemic,
while several researchers using repeated ivreatments stressed
the importance of erythemal irradiations for the promotion
of beneficial effects. No studies were found concerning the
effects of a single erythemal irradiation on performance,
Previous investigators did not attempt to determine if ul-
traviolet and daily activity patterns interact to induce

different responses.

18Appendix L, page 92.



Chapter 2
REVIEW OF LITERATURE

Literature was reviewed concerning the biological
effects of ultraviolet light and the effects of ultraviolet

irradiation on physical performance,

BIQLOGICAL EFFECTS OF ULTHAVIOLET

Many influences govern the intensity of solar irra-
diation, including the time of day, the season, latitude,
elevation above sea level, atmospheric turbidity, and the
thickness of ozone 1ayerg,1 The intenslity of ultraviolet
irradiation may be expressed in various ways and the amount

of radlation required to produce erythema is often used as

a convenient measure,z This is an inexact measure because

erythema is relative and cannot be determined with exact ac-

curacy, Individuals vary in sensitivity to light from time

to time, and from one area of the body to another. The most

sensitive areas of the body include the face, chest and ab-

domen, and the back and sacral region.3 There is a latent

llewis K. Koller, Ultraviolet Hadiation (2nd ed.;
New York: John Wiley and Sons, Inc., 1965), p. 107,

2

Koller, p. 13.

Jarthur L. Watkins, A Manual og Electrotherapy (2nd
ed.; Philadelphia: Lea and Febiger, 1962), p. 69.

12
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period following exposure before erythema develops, and the
determination of erythema depends to some extent on the time
of observation, Despite these variables, Koller reported,
*+ » . the erythema unit based on the effect on the untanned
human skin provides a useful method of rating end comparing
various sources of ultraviolet radiation,”

Ultraviolet of different wavelengths have varying
effects upon erythema, Bachem stated that erythemal effi-
clency is greatest around 2970 angstroms, decreases before
increasing to a secondary peak at about 2540, and is least
in the region of 13850 angstroms.5 Koller wrote that 2967
angstroms is the most efficient wavelength for producing an
erythemal response, and that practically all workers agree
on the region between 2800 and 3200 angstroms.6 As estab-
lished by the American Medical Associatlion, the spectral
range of a sunlamp must be limited largely from 2900 to 3130
angstroms.? Koller also reported on specifications a sun-
lamp must meet concerning erythemal effectiveness., At a
distance of two feet, no point within an 18-inch diameter
circle shall recelve less than one-third the value of ultra-

violet energy that the lamp produces in the middle 0-5 de-

grees region,

4Koller, p. 15,

5A1bert Bachem, "Ultraviolet Action Spectra,"

American Journal of Physical Medicine and Hehabilitation,
XXXV (April, 1956), 177.

Koller, p. 227. Bachem, p. 186. OCKoller, p. b1l
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The amount of energy established for an erythemal
response for average untanned skin is 25,000 microwatt-
seconds per square centimeter using a wavelength of 2967
angstroms., Since solar energy and artificlial lamps emit a
variety of wavelengths, and all wavelengths are not equal in
erythemal efficiency, the E-viton unit has been adopted by
the International Council on Illumination as a means of
welighing radiant energy of different wavelengths in equating
erythemal effects, An E-viton is equal in erythemal effec-
tiveness to ten microwatts of 2967 angstrom irradiation per
square centimeter. Thus, 2500 E~-viton seconds per square
centimeter, or about 42 E~viton minutes per square centi-
meter, 1s considered a minimal erythemal dosage, regardless

of the wavelengths used.q

Bachem reported on time factors in erythema, Middle
wavelength ultraviolet (2900 to 3200 angstroms) induces
erythema approximately two hours after exposure, the deve-
lopment of which usually peaks between one to two days
later, The erythemic effect may persist as long as one to
two weeks in extreme cases, Ascertaining erythema may be
dAifficult because of the irregularity of the latent period
and the difficulty in accurately distinguishing erythema

from pigmentation that may be occurring simultaneously,.

Bachem observed wide variations in erythemal sensitivity and

responses, both within and between individuals, Variatlons

9Koller, p. 15,
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in erythemal responses within time frames also fluctuated
markedly with different energy dosages.10

All workers are not in agreement concerning the
importance of erythemal irradiations to produce bviological
changes, Blum stated that the rate of development and fad-
ing differs from one person to another, and that minimal
erythema, “. . . is not an exact index of the underlying

11 Watkins also feilt that erythema

photochemical process.”
is not the most important biclogical consequence oi irra-
diation, He wrote that the erythemal unit's primary value
is that it provides a means for gauging dosages to prevent
sunburn, Watkins also felt that the erythemal unit provides
a practical standard by which prospective lamp buyers can
compare the efficiency of different sunlamps.12

Although many claims have been made concerning the
effects of ultraviolet, the mode of action is not certain,
Koller wrote that much research remains to be done before
the modus operandi of ultraviolet is un-:lerstood.13 Fischer
and Solomon also wrote that man's knowledege of ultraviolet

mechanisms is limited primarily to single cell orpanisms,

and that only plausible supgestions may be extended as to

1OAlbert Bachem, "Time Factors of Erythema and
Pigmentation Produced by Ultraviolet Hays of Different wave-
lengths," The Journal of Investipative Dermatology, XXV
(October, 1955), 215,

11Harold . Blum, "The Fhysiological Effects of Sun-
light on lan," Physiology heview, XXV (July, 1945), 493,

lzwatkins, p. 48, 13Koller, p. 226,
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the rationale for ultraviclet therapy.lu

Laurens stated
that the actions of ultraviolet rays must be considered both
photochemical, involving the activation of numerous unnamed
substances in the skin and blood for a short term effect,
and biological, concerning metabolism and circulatory modi-
fications of a longer duration.15

Since the penetrating depth of ultraviolet is only
approximately one millimeter in human skin, the effect of
ultraviolet is said to be through its indirect actions.
Gordon wrote that only €, = mal cells are directly affected
and that the effects of ultraviolet must be due to ". . .
protein molecules being affected by the absorption and dis-
ruption of c¢yclic amino acids, tryptophan, tyrosine and
phynylalanine."16

Scott attributed ultraviolet with the production of
an esophylactic effect by lowering the threshold of irrita-
bility of reticulo-endothelial cells in the skin.l? This

results in an increased production of antibodies and an

luErnest Fischer and Sidney Solomon, "Fhysiologic
Effects of Ultraviolet hRadiation," Therapeutic Electricity
and Ultraviolet Hadiation, ed. Sidney Licht (2nd ed.;
Baltimore: Waverly Press, 1967), p. 247.

15H. Laurens, The Physiological Effects of Radlant
Energy, (liew York: The Chemical Catalog Co., 1933), p. 56d.

16Edward E. Gordon, "The Biologic and FPhysiologic
Effects of Ultraviolet Hadiation," Archives of Physical
Medicine and Hehabilitation, XXIX (January, 1948), 36,

17Pauline M. Scott, Clayton's Electrotherapy and
Actinotherapy, (6th ed,, London: Bailliere, Tindall and
Cassell, 1969), p. 317.
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increased resistance to colds and infections., However, Blum
contended that research has failed to support ultraviolet as
a cold preventive, Criteria for determining a common cold
are too subjective, and much dlsagreement exists on this
1ssue.18

Numerous studies indicate organic compounds are af-
fected by ultraviolet irradiation, including ribonucleic
acids and desoxyribonucleic actids.’? Fischer and Solomon
stated cellular damage, and possibly lethal effects, may
occur as a consequence of ultraviolet irradiation, The
exact cause of cellular destruction is unknown, but Fischer
and Soloman hypothesized that the damage may result from an
increased production of toxic materials stimulated by ultra-

violet irradiation. Increased peroxide was sugrgested as a

possible toxic substance that follows ultraviolet treat-

ments.20

Painter stated that the exact means by which ultra-

violet may destroy mammalian cells is unknown.21 However,

an unusual theory was proposed as to why mammalian cells

18Blum, p. 520,

19Fischer and Solomon, pp. 252-254; see also Steven
N. Buhl, H. B. Setlow and James D, Hegan, "Recovery of the
Ability to Synthesize DNA in Segments of Normal Size at Long
Times After Ultraviolet Irradiation of Human Cells," Bio-
physical Journal, XIII (October-December, 1973), p. 1265,

“Opigcher and Solomon, pp. 256-261,

2lﬂobert B, Painter, "The Action of Ultraviolet
Light on Mammalian Cells," Photophysiology, V (1970}, p. 187,
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have better resistance than unicellular organisms to the
lethal effects of ultraviolet, All mammalian cells possess
at least two genes of a similar role, and both would have to
be inactivated for a lethal effect to occur, Falnter wrote
that no experimental proof exists to support this theory.22

Devyatka reported that gamma-globulin content in
blood decreases during seasons of reduced ultraviolet irra-
diations.23 tamma-globulin 18 a protein that provides a
resistance to infection, Devyatka believed gamma-globulin
values could be used as an index of deficiencies of natural
ultraviolet exposure,

Blum theorized that ultraviolet promoted increased
thyroid activity, which caused a reduction in body weight of
irradiated mice,zu The increased thyroid activity was con-
sidered possibly induced by the release of histamines in the
skin during irradiation,

Fischer and Solomon wrote that any effects observed
in any organs other than the eye or skin must be attributed
to indirect actions of ultraviolet.?” These remote effects

are probably caused by humoral transmission of substances

22Pa1nter, p. 172

23Docent D, G, Devyatka, "Serum Gamma-Globulins as
Indicators of Deficiency in Natural Ultraviolet Radiation,"

Giglena i Sanitarija, XXXI (June, 1966), 448,

2%4arold G. Blum, “Physiological and Pathological

Effects of Ultraviolet Radiation," Annual Beview of Phys-
iology, V (1943), 12,

25Fischer and Solomon, p. 289,
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produced in the skin to other organs, The possibility
exists that the nervous system is involved., Increased mus-
cle tonus has been observed in areas exposed to ultraviolet,
and in corresponding contralateral muscles. This indicates
that the effects may involve a nerve phencmenon,

All workers do not agree that responses to ultra-
violet are due to the release of histamines, Vascular
injury in subepidermal and dermal caplillaries and venules
have been obgserved in animals following irradiation, and the
investigators denied that histamine release produced this,
Cotran and Pathak noted immediate vascular leakage following
irradiation that decreased within a few hours after treat-
ment, and then returned to a peak value 16 to 24 hours la-
ter. The mechanism for such actions 18 unknown, but the
authors did not believe this leakage was induced by a re-
lease of histamines by the skin, since anti-histamines did
not affect the reaction, Degenerative change following
injury was stated as a possible cause.26

Hettinger theorized that ultraviolet may affect

changes by increasing the production of male sex hormones.z?

Laurens summarized many theories concerning the mode

26Ramzi S. Cotran and Madhukar A. Pathak, "The
Pattern of Vascular Leakage Induced by Monochromatic Ultra-
violet Irradiation in Rats, Guinea Pigs and Hairless Mice,"
The Journal of Invegtiga ermatology, LI (September,
19 » Se

27Pheodor Hettinger, Physiology of Strength,
(Springfield, Illinois: Charles C. Thomas, FubI?ahers,
1961), p. 44,
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of action of ultraviolet. Following ultraviolet exposure,
unknown substances are formed in the skin and transported to
deep-seated organs through the circulatory system, stimula-
ting intracellular oxidation. Ultraviolet may stimulate
sensory nerve terminals in the skin, increasing skeletal
muscle tonus. Possibly, ultraviolet produces tissue damage,
which causes histamine-like vasodilator substances to be
released in the skin and transported through the blood
stream to deeper tissues and organs. FMineral and electro-
lyte changes may then occur that affect the hormonal and
autonomic systems. Another similar theory is that cellular
degeneration occurs with irradiation, which may cause the
release of toxins that are circulated to various organs,

The toxins stimulate defensive mechanisms within the body,
resulting in beneficial adaptations. However, excessive
tissue damage is believed to promote the release of too many
toxins, resulting in negative rather than positive effects.28

Lehmann expressed a similar theory concerning ultra-
violet and defensive mechanisms. He felt that the actions
of ultraviolet could be explained through Selye's general

stress syndrome, in which ultraviolet acts as the stressor

agent.29

Horlick also believed that ultraviolet acted as a

28Laurens, pPp. 568-576,

290. Lehmann, "Die Bedeutun< einiger Wellenlangen-
bereiche fur die Leistungssteigernde Wirkung der UV-Bestrah-
lung," Strahlentherapie, XCV (1954), 452,
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stress agent, resulting in adrenal hypertrophy and decreased
serum cholesterol levels in irradiated rats.30

Literature frequently mentioned ultraviolet's tonic
role that supposedly promotes a general well-being of the
organism, Watkins wrote that sunbathing exerts a tonic
effect, promoting mental and physical development.31 Scott
disagreed with this., There is much controversy among work-
ers on this issue, and no definite evidence exists to sup-
port a general tonic effect from ultraviolet.32

Circulatory changes were discussed by Laurens as
occurring in the realm of decreases in blood pressure, a
reduction of angina pectoris, increased cardiac output and
stroke volume, and variable changes in pulse rate. Factors
mentioned as possible causes of these changes included
hyperemia, blood viscosity changes, the release of depressor
substances from the skin, sympathetic hypotonia, and a low-
ering of peripheral resistance to blood flow.33

Some workers have claimed beneficial effects occur
within the blood, Mietkiewski observed an increase of 13
percent in the hematocrit of rabblts treated repeatedly
during a period of four weeks., An increase in hematocrit

values was observed after only one week of irradiation.

301, Horlick, "The Effect of Ultraviolet Irradiation
on Sterol Metabolism in the Rat," Journal of Atherosclerosis
Research, VI (March/April, 1966), 182,

Myatkins, p. 52. -°Scott, p. 318.

33Laurens, pp. 168-187.
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Hematocrit increases were attributed primarily to a 22 per-
cent prolongation of the lifespan of erythrocytes.Bu
Mayerson and Laurens studied the effect of ultra-
violet on dogs injected with an anemia producing drug,
acetylphenylhydrazine, Irradiation was started at the time
of injections, but ultraviolet failed to reduce the develop-
ment of anemia, However, after the attainment of a peak
anemia nine davs later, irradiated dogs regenerated red
blood cells and hemoglobin definitely better than 4id con-

trol animals, The authors could not account for this, and

hypothesized that ultraviolet mavy promote a more efficient
utilization of 1ron.35
Schwartz investigated the effects of exposing blood
directly to ultraviolet, FPatients representing 12 different
diagnostic ailments were treated with an instrument that
allowed blood to be reinfused after irradiation. FParameters
investigated included counts of erythrocytes, leukocytes,
reticulocytes, eosinophlls, platelets, and coagulation time
of blood. No evidence of a change in these values could be

ohserved when the blood was exposed to ultraviolet rays.36

3L"E. Mietkiewski, B. Kosmicki, and K, Naroznik, "In-
fluence of Ultraviolet Hays on the Erythrocyte Count and

Lifespan in Habbits," Acta Physiclogica Polonica, XIX (March
/April, 1968), 171.

35H. S. Mayerson and Henry Laurens, "The Effects of
hadiant Energy on Experimental Hemolytic Anemia," The
Journal of Nutrition, IV (September, 1931), 351.

36Steven O, Schwartz and others, "Ultraviolet Irra-

diation of blood in Man," Journal of the American Medical
Association, CXLIX (July, 19527, 1150,
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Fischer and Solomon wrote that ultraviolet is capa-
ble of affecting numerous changes in circulation. The
immediate response to ultraviolet exposure is a slight de-
crease ln cutaneous blood flow, followed by a large increase
several hours 1ater.3? Other circulatory changes include a
temporary decrease in the blood sugar level, an increase in
liver and muscle glycogen, and a decrease in blood lactic
acld levels, There may be increases in red blood cells and
hemoglobin, cardiac ouput, blood estrogen level, and blood
flow to organs and muscles below the irradiated area, HRe-
ductions have been observed in blood pressure and heart
rate, and hypercholesteremia and experimentally induced
arteriosclerosis have reportedly been alleviated.38

Watkins, however, disagreed with findings that blood
cells are affected by ultraviolet., Frequent reports of a
large variety of blood changes have been published, which
Watkins contended could not be substantiated and could not
be assumed to be of therapeutic value.39

In vitro studies have shown ultraviolet impaired the
capability of nerves to transmit action potentials, Eichen-
baum and Cooper wrote that, following irradiation, nerves
superfused with a Locke solution containing thiamine re-

stored their action potential capabilities, while nerves

37pischer and Solomon, p. 306,
38Fischer and Solomon, pp. 290-295.

39Natkins, p. 50.
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Buperfused in the same solution without thiamine failed to
regenerate an action potential capability. The authors
concluded that thiamine is destroyed by ultraviolet, and
that thiamine is essential in the conduction process of

nerves .LLO

Baran, Cerf and Josse investigated action potential
capabilities in isolated frog muscle following irradiation,
The authors theorized that ultraviolet decreased action
potential capabilities by increasing the permeability of
membranes to sodium. Another possibility discussed was a
diminishing of the sodium removing mechanism that esta-

blishes polar'ity.a1

EFFECTS OF ULTHRAVIOLET IKHADIATION
ON PHYSICAL PikFOKMANCE
Lehmann advocated industrial use of ultraviolet as a
means of improving the general health and productivity of
workers. The German Krupp Industry employed a conveyor belt
to transport seated workers past a series of ultraviolet
lamps to administer a standard dosafe to all subjects, An

increased work production and decreased absenteelism caused

uOJoseph W. kichen»aum and Jack R. Cooper, "Hestora-
tion by Thiamine of the Action Fotential in Ultraviolet
Irradiated Nerves," Brain hiesearch, XXXII (1671), 253,

41T. Baran, J. Cerf, and Micheline Josse, "Influence
Des Hadiations Ultra-Violettes Sur Le Potentiel De lembrane,
Etudie Sur Le luscle Sartorius De urenouille, Far lLa lMethode
Des Micro-Electrodes Intracellulaires," Hevista iledico, XVI
(July-September, 1972), 767.
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by 1llness were observed within several months after the
program was installed. Lehmann recommended that workers
receive ultraviolet treatments at the end of the work shift
in order that work production not be diminished by the in-
itial fatiguing sensations experienced by many workers
following irradiations.uz

Spellerberg, a team physician at a sports college in
Cologne, reported on the use of ultraviolet in athletics,
The author's convictions of the benefits of ultraviolet were
based on experiences of his rather than on scientific tests
or an analysis of data collected. Subjects initially re-
celved a two-minute exposure that was gradually increased to
ten minutes, and a total of 12 treatments were administered.
Reductions of up to 50 percent were reported in injuries.
Fewer early season muscular cramps and a reduction in sinus
infections of swimmers were also reported for athletes re-
celving irradiations. The author contended that most ath-
letes benefit from ultraviolet, with the exception of ping
pong players, sprinters, and possibly ice hockey playcers.,
Spellerberg advised against administering ultraviolet rays
within two days before a competitive event, when an athlete
has overtrained or developed acute fatigue, and at the

height of one's peak performance, HKeasons were not iiven

426. Lehmann, "Ultraviolettbestrahlung als liittel
zur bkrhaltung der Arbeitsfahigkeit und zZur vesunderhaltun;
des arbeitenden kenschen," dZentralblatt fur Arbeitsnedizin
und Arbeitsschutz, 1 (January, 1v51), 1.
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for these suggestiong, Spellerberg also believed that there
are certain individual differences that cause some people to

not respond to ultr*e.violet.h’3

Hettinger and Seidl reported on two different stud-
ies concerning the effect of repeated exposures on muscle
tratnability. OSubjects were treated weekly at a distance of
one meter from the lamp, The first exposure was a minimal
erythemal dosare, which was increased 20-25 percent with
each subsequent treatment. A bicycle ergometer test was
given on the third and seventh days after each exposure, and
the subjects also trained daily on elhow flexion and exten-
sion, Test procedures involved a foreperiod of six weeks of
training and testing without rays, five weeks with rays, and
two subjects who continued the procedures an additional four
weeks Without rays. The rate of strength gains almost dou-
bled for six of seven subjects during the irradiation period
of the study. An improvement was observed in the perfor-
mance of five of the seven subjects on the bicycle test,

The only subject who did not increase strength gains was one
of the two subjects who failed to improve on bicycle per-

formance,

In a separate article, Seidl reported her results of

43Bruno A. E. Spellerberg, "Sportliche Leistungs-~

steigerung durch Systematlsche UV-Bestrahlung," Strahlenthe-
rapie, LXOXXVIII (1952), 569,

uuT. Hettinger and E. Seidl, "Ultraviolettbestrah-
lung und Trainierbarkeit der Muskulatur," International
Zeltschrift Fuer Aggewanggg Physiologie, XVI 319535, 177.
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various studies with ultraviolet and stated that previous
research had shown that the basal metabolic rate increased
during the presence of erythema and decreased as erythema
faded. During the decreased basal metabolism state follow-
ing several erythemal treatments, ultraviolet irradiated
subjects were able to perform a higher level of work for a
Filven consumption of oxygen and increase performance in bi-
cycle riding time., A study of tne effects of different
wavelengths indicated 2540 and 2970 angstroms wavelengths
induced the largest inprovements in wori capacity. Ferfor-
mance of a 2800 angstroms proup decreased during the eight
weeks of treatment and then inproved to exceed that of the
other groups durirnpg the six weeks of post-treatment testing,
Subjects receiving 3350 angstroms did not change in perfor-
mance throurhout the entire study. A complete reversal of
physiolorical changes was often observed around the seventh
or eighth week of treatment, which 3eildl attributedl to a

possible thickenings of the stratum corncunm that limited

. . . : . , : . L5
light penetration and diminished irradiation eftocts. ”

Seidl alco investiyated the offeect of vitanin D on
pulse rate, systolic and diastolic ulooa pressures, and
bicycle ergometer cendurance, Ultraviolet 1lrradiation with-

out vitamin D produced more favorable effects than vitnamin D

1‘Lb}iillen Seildl, "The Influence of Ultraviolet
hadiation on the tlealthy Adult," The -iolo-ic . {fects of
Ultraviolet hadiatiosn, ed. IFrederick Urracn (Lo forg:
Perganon bress, lasty), pp. /=454,
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administered with ultraviolet treatments, while vitamin D
alone resulted in little relative change.u6 Hettinger also
reported that an increased consumption of vitamin D alone
did not produce beneficial effects on muscle trainability,
and when administered with ultraviclet, vitamin D tended to
cancel the positive effects of light treatments.u? The
reason for these responses is unclear, but Seldl hypothe-
sized that phosphate and glucose metabolisms were involved.
Glucocorticoids, which are instrumental in glucose oxida-
tion, are increased by vitamin D and reduced by ultraviolet
irradiation. Carbohydrate utilization during rest and work
were decreased during ultraviolet periods, as reflected by

respiratory c:luotflerﬂ:s.""8

Seidl conducted a study of 13 subjects who trained
four muscle groups isometrically for seven weeks without
ultraviolet, seven weeks with treatments, and another six
weeks without irradiations. During the ultraviolet period,
an increased rate of strength gains was observed in 45 per-
cent of the muscle groups, decreased galns in 22 percent,
and no definite trends in 33 percent. Seidl concluded, in
summary, that ultraviolet irradiation induces beneficial
ef'fects upon the circulatory system and energy metabolism,

but investigations of the trainability of skeletal muscles

Y65e141, p. 452,

u?Theodor Hettinger, Physioglogy of Strength, p. 44.
“85e1d1, p. 453,
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involved too much individual variance and needed further
research to provide definite cr:n‘lc:luz;ions.u'9

Lehmann studied the effects of several different
wavelengths on resting heart rate, metabolism, and physical
work capacity. His investigation agreed with Seidl's report
that 2970 was the most productive wavelength when equal
energy dosages were administered with each wavelength, How-
ever, Lehmann concluded that 2970 effects were similar to
those of the full spectral field, and that there was no
advantage in utilizing a monochromatic exposure, Lehmann
stated an erythemal exposure was necessary to improve per-
formance, and that the effects during the first few hours
after irradiation, and in some instances even days later,
may be opposite of the more permanent belated effects.so

Ronge irradiated 60 children between the ages of
seven to twelve with a supplementary ultraviolet lighting
system established in school classrooms, while 60 children
in other classes acted as a control group. The study lasted
18 months, and Ronge observed that the control group de-
creased to a low point on a bicycle ergometer test in March
during both winter seasons, while the ultraviolet group
improved to a peak mean difference of 56 percent during the

end of the winter season, Ronge varied this procedure the

“95e1dl, p. 455.

500. Lehmann, "Die Bedeutung einiger Wellenlangen-
bereiche fur die lelstungssteigernde Wirkung der UV-Bestrah-
lung," p. 447,
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second year and gave either vitamin D or a placebo to the
control group. On the endurance test given a month later,
the vitamin D group improved on performance while the pla-
cebo group falled to improve. This finding that vitamin D
Improved work capacity is in opposition to the results of
Seidl and Hettinger previously mentioned on page 28. HKonge
advised against conclusions based on this single study,
since it contradicted previously established findings.5l

Klein conducted a twelve-week study involving 50
boys and 50 girls, ages twelve through fifteen, with a con-

trol group of equal composition, Ultraviolet treatments

&t &8

were given twice weekly at a distance of two meters from the
subject. On the Schneider test of work capacity, no change
in performance occurred for the control group. The ultra-
violet grour improved on the first three tests given during
the irradiation period, and returned to pretreatment values
on the last test, which was given six weeks after treatments
had ceased, irls improved slightly more than boys. The
ultraviolet group gained 3.1 kilograms of weight as compared
to 2.2 for the control group. Colds and absences were too

infrequent to compare.52

51Hans k. honze, "Korperliche Lelstungssteigerung
durch Systematische UV-Hestrahlung," Strahlentherapie,
LAXXVIII (1952), 5673.

22prnst Klein, "Erigebnisse Statistischer Unter-
suchunsen uber die Steigeruny; der Lelstun:isfahisgkeit durch
Ultraviolett-ilestrahlun: von ichulkindern," Strahlentherapie
XLV (1954}, 454,
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Zamkova studied sixth and seventh graders who were
given a dally exposure of ultravioclet by means of a supple-
mentary lighting system established in a school classrocom,
In comparison to a control group of equal composition, the
ultraviolet group increased more in height and weight, made
better grades, and demonstrated improved stability of clear
vision and improved motor response time, Differences be-
tween the groups in vision and response time increased as
tests were administered later in the day, which the authors
interpreted to be an indication of greater fatigue among the
control subjects at the end of the working day. The authors
concluded, therefore, that ultraviolet increased working
capaclty by delaying fatigue.53

Although Zamkova and Krivitskaya reported improved
response time, others were not in agreement on this 1issue,
After making over 40,000 single measurements of reaction
time, Seidl concluded that her data could show no probable
influence of erythemic ultraviolet rays on reaction time.5u
Sigmund reported reaction time was improved for children and

adults through ultravioclet irradiations, The 1lmproved mean

was attributed to a reduction in the number of exceptionally

53M. A, Zamkova and E. I. Krivitskaya, "Effect of
Irradiation With Erythema Ultraviolet Lamps On the Working
Capacity of Schoolcnildren," Uigiena i Sanitarila, XXXI
(April, 1966), 47.

5'u'f:lllen Seidl, "Zur Frage des Einflusses von Ultra-
violettbestrahlung auf diec Heaktionszeit," Internationale
Zeitschrift Fuer Angewandte Physiologie, XV1I (1958}, 340,
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slow reactions, and Singmund concluded that irradiation must
have improved concentration and alertness.’’ Al'bitskaya
and Gorkin, however, noted no significant effects of single
or repeated minimal erythemal treatments on the length of
the latent period for a motor reaction test involving button

pressinz.56

Allen and Cureton conducted one of the few studies
published in America concerning ultraviolet effects on per-
formance, The authors placed 22 students, who scored in the
lower=-third of the freshmen class on a muscular endurance
test, into two gZroups equated on the basis of time in a mile
run. Ultraviolet treatments were given to the experimental
geroup tri-weekly. All subjects attended the same physical
education class and participated in similar activities. The
ultravioclet group improved 15.4 percent as compared to an
11,8 percent rFfain for the control group on a muscular endur-
ance test, consisting of pull-ups, push-ups, sit-ups, squat
jumps, and a mile run, On the Schneider test, the ultravio-
let group's 19.2 percent gain was significant, while the
control group's 1,5 percent increase was not, Statistical

treatments were limited to comparisons between initial and

55Rudolf Sigmund, "Die Wirkung ultravioletter Strah-
len auf die Reaktionszeit des Menschen," Strahlentheraple,
Cl (1956), 623.

56k, F. Al'bitskaya and Z. D. Gorkin, "Effect of
Ultraviolet Irradiation on the Functional State of the Basic
Nerve Process in the Human Cerebral Cortex," Gigiena 1
Sanitariia, XXXI (June, 1966), 348,



33
final scores for each group. No statistical comparisons
were made between groups.57

Several studies were unique becdause single ultra-
violet exposures were used, the dosages were suberythenic,
and the subjects were all females, Cheatum investigated
speed in a 30-yard sprint one hour following irradiation for
six minutes on the anterior and posterior aspects with a
General Electric kS 275 watt sunlamp at a distance of one
meter, At this distance, an iS sunlamp emits 3.14 b-vitons
per square centimeter per minute for a total dosage of 18,8
E-vitons during a six-minute exposure. Subjects were tested
under the influence of ultraviolet and a placebo treatment,
and a significantly better score was attained under ultra-
violet conditions on the third sprint.58

Hosentswieg applied these same treatment procedures
to investigate physical work capacity. ZBicycle ergometer
riding time was measured until a heart rate of 170 be:dats per
minute was attained. Hesults of the test were significantly

improved times for five subjects following ultraviolet after

the scores of three trained subjects were deleted.59

5?Hobert M, Allen and Thomas K. Cureton, "Effect of
Ultraviolet Hadiation on Physical Fitness," Archives of Phy-
sical ledicine and Kehabilitation, XXVI (October, 19k5), 641,

588111ye A, Cheatum, "Lffects of a Single Biodose of
Ultraviolet Hadiation Upon the Speed of College wWomen," The
Research Quarterly, XXXIX (October, 1968}, 482,

59Joel Hosentswieg, "The Effect of a Sinfle Subery-
themic Biodose of Ultraviolet bkadiation Upon the kndurance
of College Women," Journal of Sports hedicine and Physical
Fitness, IX (June, 1969}, 104,
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In another study, Rosentswleg duplicated these same
treatment procedures to determine strength changes following
ultraviolet exposures. However, this study was expanded to
include three groups: (1) a group of caucasians tested one
hour after exposure, (2} a group of negroes tested one hour
after exposure, and (3) a group of caucasians tested five
hours after exposure, DMNeasurements were taken for right and
left grip strength, back pull, leg 1lift, pushing, and pull-
ing. Comparisons were made between ultraviolet and placebo
for each event, and for a total strength score. Dlata were
treated in a manner that allowed 15 different comparisons.
No significant differences were found on any of the measures,
but since mean strength scores were observed to be improved
in 13 of the 15 comparisons following ultraviolet, Losent-
swieg wrote that the results indicated ultraviolet may exert

a beneficial effect on strength.60

SUMMARY OF LITEHATURE

The review presented many theories concerning the
mode of action for ultraviolet effects, and these usually
emphasized biological reactions to substances released in
the skin during irradiation. Ultraviolet has been shown to

affect various aspects of circulation, but researchers are

6OJoel Rosentswieyg, "The kffect of a Single Subery-
themic Blodose of Ultraviolet Hadlation Upon the Strength of
College Women," Journal of The Association For rhysical and
Mental Rehabilitation, XXI (July/August, 1967), 131.
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not in complete agreement on these changes or what causes
them to occur. Investigators reported reductions in blood
pressure, increased stroke volume, increased red blood cell
count, reduced energy cost for a given work task, and a
reduction in blood coagulation time. An increased red cell
count was said to be due to an increased life span of ery-
throcytes, Cholesterol reductions and adrenal hypertrophy
were reported in a study involving rats, Ultraviolet was
found to hasten the regeneration of hemoglobin followine
clinically induced anemia, Clrculatory changes occur as a
response to ultraviolet effects on the skin, since one stu-
dy reported direct irradiation of blood was not effective.

bvidence of damage to tissues was reported, Chromo-
somal damage has been established, and in vitro studles show
action potential capablilities are impaired, and possibly
completely destroyed, following irradiation.

Ultraviolet effects on various parameters of fitness
were reported, OSeveral studies supported improved work
capacity based on the Schneider test or bicycle ergometer
tests, Skeletal muscle trainability was also claimed to
benefit from ultraviolet treatments, Most studies stated an
erythemal dosage was necessary to improve performance, and
two studies comparing different wavelengths reported 2970
angstrom length to be most effective when all wave lengths
recelved the same energy dosage.

School children of different ages have improved in

physical work capacity by means of artificial lighting
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systems located within the classrooms. A study of Russian
children made claims of better grades, improved vision, and
improved motor response time,

The production of vitamin D is not considered to be
the mode bv which ultraviolet induces physiological bene-
fits, because vitamin D supplements did not induce changes
in performance on nhysical work capacity tests,

OUnly four studies were conducted within the United
States, and three of these involved single treatments, The
single exposure studies all used female subjects and sub-
ervthemic treatments, OSpeed in a J0-yard dash and a bicycle
ergometer work capacity test established qualified claims
for ultraviolet., The other suberythemic study reported
beneficial effects on strength that were not statistically

siFnificant.

bmpirical observations or small group studies with-
out statistical comparisons were reported frequently in the

literature reviewed,



Chapter 3
DESCRIPTION OF PROCEDUHRE
OVERVIEW

Male caucasian students at kast Carolina University,
Greenville, North Carolina, were placed in either a group of
20 trained subjects or in a group of 20 untrained subjects.
Each subject was tested for performance on leg power, total
body response, elbow flexion strength, speed in running,
and physical work capacity 24 hours after exposure to either
an ultraviolet sunlamp or an incandescent light used for
placebo effects, A counter-balanced technique was employed
in administering light treatments.

Subsequent to the original exposure and performance
tests, this procedure was repeated two weeks later with each
subject receiving a light treatment opposite the one he
originally received.

A two x two factorial design analysis of variance
was employed to compare differences between the effects of
the two treatment conditions on performance scores of each
variable, This design provided a further comparison to de-
termine interaction that might exist between treatment upon
trained athletes as opposed to more sedentary subjects who

were not participating in an exercise program.

37
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SELECTION AND <ROUPING OF SUBJECTS

An Untrained Group of 20 subjects were volunteers

from health classes at Last Carolina University. These
subjects were not enrolled in physical education courses

nor participating in exercise on a regular basis, An addi-
tional 20 male caucasian subjects were obtained from Last
Carolina University athletic teams that were actively train-
ing during the data collecting period. These subjects were
elther wrestlers, basketball players, or swimmers. The

athletes were assigned to the Trained Group.

SAFETY OF THE SUBJECTS

Students who expressed a past history of adverse
reactions or a tendency to blister quickly due to sclar ex-
posure were excluded from the study. Subjects who had taken
any type of medication within the past month were not used.,
A past history of dermatitis was considered reason for ex-
clusion from the study., Protective gogzles were worn and a
metal hood was placed over the subject's head for addi-
tional safety during irradiation, The genital area was

covered with a folded towel.

LENGTH OF THE STUDY

This study was conducted during the months of
January, February, and March, 1974, [Hormal solar radiation

is relatively low during these months,.
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SELECTION AND TRAINING OF ASSISTANTS

Three graduate students of the Department of Health,
Physical Education, Recreation and Safety at kEast Carolina
University assisted with the study. All of the assistants
were thoroughly informed of the purposes and procedures of
the study, and trained regarding their specific assignments.
Two of the assistants administered light treatments, while

the third assisted in data collecting.
DESCRIPTION OF EQUIPINT

Sunlamp - A General Electric KS 275 watt ultraviolet lamp
{(producing approximately 3.75 E-vitons per square centimeter
at a distance of one yard) was employed to administer ultra-

1,2 Hays of all lamps lose intensity as

violet treatments.
they digress at an angle away from the center of focus of
the bulb., Based on the angular distribution characteristics
of the General Electric RS lamp, an exposure of twelve min-
utes was selected to produce an erythemal response of an
area of 455 square centimeters.3

Incandescent lLamp - A General Electric outdoor floodlight

(model 150 PAK/FL) was used for placebo treatments,

Vertical Jump Board - A strip of blackboard was marked in

1General Electric Company, Cleveland, Chio.

2Appendix M, page 93.

3Appendix M, page 93,
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one-fourth inch increments and attached to the wall for data

collecting in the power jump event,

Dekan Automatic Performance Analyzer4 - A Dekan timer was

used to collect data on the total body response event and
the 30-yard sprint., The clock is calibrated in 1/100 of a

second.

Cable Tensiometer5 - A 200-pound capacity cable tensiometer

(model T5 ~ 6007 - 114 - 00) was used for strength testing.

Goniometer'6 - A goniometer was used in establishing the el-

bow angle during strength testing.
Treadmill? - A Quinton treadmill (model 18-60) was used to

administer the Balke-Ware test for physical work capacity.
The unit has a speed control ranging from 1.5 to 15 miles
per hour, and a grade control ranging from zZero to forty

percent,

Cardio Tachometer8 - A Quinton cardio tachometer {(model 609)

was used to monitor heart rate during the Balke-¥Ware test.
The average rate for the last 20 heart beats was displayed

on a digital readout during the entire test procedure.

uDekan Timing Devices, Glen Lllyn, Illinois,

5Pacific Scientific Company, Anaheim, California.
60rth0pedic kEquipment Company, Bourbon, Indiana.
7Quinton Instruments, Seattle, Washington,

8Quinton Instruments, Seattle, Washington,



41
PROCEDURE FOR TREATMENT

Each subject received both ultraviolet irradiation
and an Iincandescent exposure for a placebo effect under a
counter-balanced order. The actual purpose of the study
was not revealed to the subjects. Each subject was told
that ultraviolet rays have been claimed to improve physical
perfornance, and that he was receiving ultraviolet irradia-
tion from different sunlamps on the two treatment occasions
in order to compare the effectiveness of the different wave-
lengths. Light treatments were conducted in a manner that
prevented subjects from seeing either lamp. The order for
treatments for all subjects is shown in Appendix L.9

The procedure for a treatment was as follows:

1, The subject was nude except for a metal hood
and folded towl covering the face and genital
areas respectively., Protective goggles were
worn as an additional precaution against eye
injury in the event the metal hood was accident-
ly displaced.

2. After the subject was positioned in a supine
position for treatment, the proper lamp was in-
serted and positioned orne yard from the subject,
with the center of focus approximately two

inches above the umbilicus.

9Appendix L, page 92.
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Figure 1

Administration of Ultraviolet Rays



b3
3. A sheet was then pulled over the subject, and
the lamp was turned on and allowed to "warm up”
for five minutes, as recommended by the lamp

manufacturers.lo

4, The sheet was then removed to expose the subject
for a 12-minute treatment,
5. After completing treatment on the thoracic and
abdominal area, the subject then turned over for
a 12-minute exposure on the posterior,
This procedure was repeated two weeks later when the
subject returned at the same hour to receive an exposure

under the lamp that was not used on the initial treatment,

PROCEDURE FOR TESTING

Subjects reported for testing approximately 24 hours
following both treatments, This was selected because liter-

ature stated erythema often attains its peak intensity at

this time.11 The order and directions for testing were as

follows:

Measurement of Body Weight

Body welight was recorded to the nearest one-fourth

pound while the subject was dressed in the attire he wore

1OGeneral Electric Company, Cleveland, Ohlo,

1lAlber't Bachem, "Time Factors of Erythema and Pig-
mentation Produced by Ultraviolet Rays of Different
Wavelengths," The Journal of Investigative Dermatology, XXV

(October, 1955), 215.
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during testing, This weight was used in computing his power

Jump score,

Vertical Power Jump
A slightly modified version of the vertical power

jump as described by Johnson and Nelson was used in this
event.12 Reaching helight was recorded to the nearest one-
fourth inch while the subject stood with the dominant arm
next to the wall and reached as high as possible with the
fingers extended, The subject was then allowed two practice
trials at a suggested three-fourths effort before jumping

three times for score.

Jumping procedure. Each subject marked the fingers
with powdered chalk and assumed a position with the dominant
side to the wall, The hand used for marking was not lowered
below the shoulder at any time during the jump, wnhile the
other hand was placed behind the back and tucked into the
back of the shortg, Without taking a shuffle or stutter
step of any type, the subject dipped as low as he desired

and jumped to touch the board as high as possible.

Scoring. Differences between the height of each
jump and standing reach were used to determine the vertical

jump to the nearest one-fourth inch. Average distance of

lzBarry L. Johnson and Jack K. Nelson, Practical
Measurements for Evaluation in Physical kducation, {(2nd ed.;
Minneapolis, linnesota: Burgess Publishing Company, 1974},

r. 177.
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Figure 2

Vertical Power Jump Testing
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the three jumps was used to compute a vertical power jump in

foot-pounds, Body Weight x Inches Jumped _ VPJ
12 a

Total Body Response

Total body response was a measure of a subject's
ability to respond to a complex stimulus and move eifher to
his right or left a distance of seven feet, Reaction time
and movement time were factors affecting performance on this
event, A technique employed by Kendrick was used in this
study.13 Dekan timer pressure plates were located on each
side of a two-foot square used as the starting area. The
timer was started by the tester, and the subject stopped it
by making contact with a pressure plate, A practice trial

in each direction was given as a warm-up,

Response procedure. A visual hand signal for di-

rection was glven to the subject within one to two seconds
after he had been alerted by a "ready”" command, and the De-
kan timer remote starter switch was activated gimultaneous=-
ly., The subject sprinted in the direction of the hand
signal to step on the "stop pad," which automatically stop-
ped the timer, A spacing of at least 10 seconds was allowed
between the ten trials given for score. If a subject

reacted in the wrong direction, the trial was voided and

13Larry Lionel Kendrick, "Performance in Selected
Gross Motor Skills Before and After Fatiguing Exercise,"
(unpublished Doctor's dissertation, Louisiana State Univer-
sity, Baton Rouge, Louisiana, 1967$, p. 31,
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readministered at the completion of the prescribed format.

The format for the trials was:

Trial Direction Trial Direction
1 Left 6 Right
2 Right 7 Right
2 Right 8 Right
Left 9 Left
5 Left 10 Left

The order for the format was reversed for alternate

subjects and reversed for each subject on his two test days,

Scoring, The fastest and slowest times were dis-
carded, BRemaining trials were converted to velocity scores

and averaged for a final score,

Strength Measurement

Static strength in elbow flexion of the dominant arm
was used as the measurement of strength., A modification of
the procedure described by Clarke was used with a strap
placed immediately proximal to the head of the ulna instead
of at a mid-point between the wrist and elbow.lu Following
two practice trials at a suggested three-fourths effort, the
subject was given three trials for score, A 200-pound capa-

city cable tensiometer with 1/16 inch cable was used for

data collecting,

Strength measurement procedure. The subject was
placed in a supine position on a testing table, After a

1“tH. Harrison Clarie, Muscular Strength and Endur-
ance in Man, (Englewood Cliffs, New Jersey: Prentice-Hall,

1966}, p. 64,
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Figure &

Elbow Flexion Strength Testing
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strap was positioned on the arm, a goniometer was used to
establish the elbow at an angle of 115 degrees. The angle
formed by the forearm and the testing cable was 90 degrees,
On the command, “take up slack," the subject began steadily

increasing tension and exerted a maximum contraction on the

command, "pull.® An explosive exertion or Jjerk was voided
and the trial repeated. A 30-second interval was spaced
between the three trials for score, During the testing pro-
cedure, the subject'’s elbow and shoulder were braced by a

tester,

Scoring. Tension developed on the cable tensiometer
was converted into pounds, and the three trials were averag-

ed to determine the final score.

Thirty-Yard Sprint

A Dekan timer was used as the measuring instrument,
The timer was connected with "start" and "stop" pads located
30 yards apart that allowed the subject to start and stop
the timer, Thus, human error in timing and the subject's

response to a visual or auditory stimulus were eliminated as

factors in this event. Following two practice trials at a

suggested three-fourths effort, the subject was given three

trials for score, A rest interval of at least one minute

was spaced between each sprint,

Sprin d . Each subject assumed a crouched

gstanding position within five feet from the "start* pad. At
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his discretion, the subject started and activated the timer
as he stepped on the "start® pad., When he touched the
"stop" pad located 30 yards away, the timer stopped and

displayed the time in 1/100 of a second.

Scoring., Recorded time was converted into a velo-
city score in feet per second, and the velocity scores were

averaged for a final score,

Physical Work Capacity

The Balke-Ware progressive grade test was used to
measure physical work capacity.ls Based on his studies in-
volving Air Force personnel, Balke wrote that this test
provides an excellent indication of the level of oxygen con-
sumption and capacity for sustained work that a subject is

capable of maintaining for a prolonged period of time,

Work capacit sti . Chest electrodes

were attached as prescribed by Quinton Instruments.16 An

exerclise cardio tachometer was used to monitor heart rate
throughout the exercise bout, Average rate of the last 20
heart beats was displayed on the visual screen of the in-

strument panel,

The treadmill was started at a speed of 3.3 miles

15Bruno Balke and Ray W. Ware, "An Experimental
Study of 'Physical Fitness' of Air Force Personnel," United
States Armed Forces Medical Journal, X {(June, 1959), 675,

16Quin§on Instruments Manual, lModel 6093, Seattle,
Washington.
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Figure 5

Balke-Ware Treadmill Test
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per hour on a zero percent grade, As the subject lowered
himself to the treadmill belt and released the handrail, a
stop watch was started by the tester, At the end of each
minute, the treadmill was increased one percent in grade,

vhile the speed remained constant throughout the test.

Scoring. The test was terminated when a subject's
heart rate attained 180 beats per minute on the digital
readout., Exercise time was recorded to the nearest second

and used as the final score,

STATISTICAL DESIGN

Reliablility of the test procedures was determined by
product-moment correlations of data collected on a test-
retest basis, Computations of the correlations are presented
in Appendixes G-K on pages 87 through 91. All of the test
procedures had correlations that were significant at the ,01

level of confidence as follows:

Vertical Power Jump = ,92
Total Body Hesponse = ,85
Strength = ,BL
Speed = ,95
Physical Work Capacity = ,96

A two x two factorial design analysis of variance
was employed to compare differences between the effects of
the two treatment conditions on performance scores of each

variable. This design provided a further comparison to
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determine interactlion that might exist between treatnent

effects upon trained athletes as opposed to more sedentary

subjects who were not participating in an exercise program,
A predetermined .05 level of confidence was estab-

lished for significance on all comparisons,



Chapter 4
PRESENTATION AND ANALYSIS OF DATA

This study was designed to investigate: (1) the
effects of ultraviolet irradiation on motor performance, and
(2) to determine if a difference exists between the effects
of ultraviolet on physically active and sedentary subjects.

Members of athletic teams at Lhast Carclina Universi-
ty who were training strenuously during the data collecting
period comprised a group of 20 trained subjects, while 20
volunteers from health classes served as untrained subjects.
Both groups were exposed to an ultraviolet sunlamp and an
incandescent lamp for placebo effects. A counter-balanced
treatment order was followed.

Each subject was tested on motor performance after
each light treatment., The items investigated were the ver-
tical power jump, total body response, 30-yard sprint speed,
elbow flexion strength, and physical work capacity.

A separate analysis was made on each of the five
test parameters. The staticstical desifgn was a two x two
factorial analysis of variance featuring repeated neasurecs,
This design provided a comparison between groups, a compari-
son for light effects, and a comparison for interaction be-

tween groups and light,

55
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ANALYSIS OF DATA FOR THE
VERTICAL POWER JUMP

Mean vertical power jump scores following incandes-
cent treatment were 230,40 foot-pounds for the untrained
oroup and 234,74 for the trained group, After ultraviolet
exposure, mean scores were 230,873 for the untrained subjects
and 235,84 for the trained group, The combined mean for
both fZroups was 232,59 following incandescent treatment, and
233.34 after ultraviolet irradiation, See Figure 6 on page
57

A statistical analysis of the data presented in
Table 1 indicates that none of the comparisons were signi-
ficantly Ai1fferent., Vertical power jump performance was

not Affected by ultraviolet exposures,

Table 1

Analysis of Variance for the Vertical Yower Jump
After Incandescent and Ultraviolet Exposures

qource of %um of qf ‘Hean o p
variance squares agquare

a {(uroups) 436,46 1 436 46 0.14 NS
set. Subj. kError 115,157.92 38 3030,.47

i (Light Lffects) 11,77 1 11,77 0.19 NS
AB (Group x Light) 2,27 1 2.27 0,04 NS
Within Subj. Error 2,392.86 38 62.97

Total 118,001,28 79

F.U5 = 4.10; F.Ol = 7.35
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ANALYSIS OF DATA FOR TOTAL BODY HESPONSE

Total body response times were converted to velocity
scores and averasged, Mean scores following incandescent
treatment were 6,201 and 6,326 feet per second for the un-
trained and trained subjects, respectively. Following
ultraviolet irradiation, mean scores were 6,226 feet per
second for the untrained subjects and 6,294 for the trained
mroup, GCombined mean performance scores were 6,264 after
incandescent treatment and 6,260 feet per second following
ultraviolet irradiation, S3ee Figure 7 on page 59.

A statistical analysis of the data presented in
Table 2 indicates that none of the comparisons were signi-
ficantly Aifferent, Total body response performance was

nnt affected bv ultravinlet irradiation,

Table 2

Analysis of Variance for Total psody Hesponse Velocity
Following Incandescent and Ultraviolet Exposures

Source of Sum of ar Mean i P

Variance Squares Square

A (Groups) 0.19 1 0.19 1,00 NS
pet, Subj. krror 7.26 38 0.19

B (Light kffects) 0.00 1 0.00 0,00 NS
AB (Group x Light) 0.02 1 0.02 0.49 NS
Wwithin Subj. Error 1.26 38 0.03

Total 8.73 79

F = 4,10, F = 7.35

.05 .01
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ANALYSIS OF DATA FOR ELBOW
FLEXION STRENGTH

Mean elbow flexion strength scores noted following
incandescent treatment were 72,02 pounds for the untrained
group and 76.99 for the trained subjects, After ultraviolet
irradiation, mean scores had decreased to 69.31 for the un-
trained group and 75.23 pounds for trained subjects. The
combined mean was 74,50 pounds following incandescent treat-
ment, and was 72,27 pounds after ultraviolet exposure, See
Figure 8 on page 61,

A decrement occurred in elbow flexion strength af-
ter ultraviolet treatment, and the analysis presented in
Table 3 indicates that the difference was significant at the

.05 level of confidence., Other comparisons failed to meet

the test for sifnificance,.

Table 3

Analysis of Variance for Elbow Flexion Strength
After Incandescent and Ultraviolet Exposures

Source of %um of ar _Mean F P
Variance squares square

A (Groups) 593.34 1 593,34 3.20 NS
Bet, Subj. Error 7,036,14 38 185,16

B (Light Effects) 99.79 1 99.79  5.61 .05
AB {(Group x Light) 4. 50 1 4,50 0.25 NS
Within Subj. krror 676.23 38 17.80

Total 8,410,00 79

F = 4,10; F.Ul = 7.35

.05
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ANALYSIS OF DATA FOR THE 30-YARD SPRINT

Mean performance scores on the 30-yard sprint after
incandescent treatment were 22,33 feet per second for the
untrained froup and 22.60 for trained subjects, Following
ultraviolet irradiation, mean scores were 22,37 feet per
second for untrained subjects and 22,60 for the trained
7roup. The combined means for both groups were 22,46 feet
ner second following incandescent treatment, and 22,48 af-
ter ultraviolet irradiation, See Figure 9 on page 63,

Table 4 indicates that none of the comparisons met
the test for sicnificance at the ,05 level of confidence,
This test failed to show that performance in the 30-yard

sprint was affected hy ultraviolet irradtation.

Tavle 4

Analysis of Variance for the 30-yard Sprint
following Incandescent and
Ultraviolet Exposures

source of Sum of ar Mean P P
variance Sguares Square

A {Groups) 1.25 1 1,25 0.55 NS
set., Subj. Error 87.10 38 2,29

g (Light Effects) 0.01 i 0.01 0.13 NS
A (Group x Light) 0.01 1 0,01 0,13 NS
Within Subj. Error 3.16 38 0,08

Total 91.53 79

F'05 = 4,10; F.Ol = 7.35
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ANALYSIS OF DATA FOR THE BALKE-WARE
TEST OF PHYSICAL WORK CAPACITY

Following incandescent treatment, mean performance
scores for the untrained subjects were 17,91 minutes, and
24,64 for the trained Aroup on the Balke-Ware test. Mean
scores following ultraviolet irradiation were 17,32 minutes
for the untrained group and 23,96 for trained subjects, For
both groups combined, the mean score following incandescent
exposure was 21.27 minutes, and 20.64 following ultraviolet
treatment, See Figure 10 on page 65,

An analysis of the data presented in Table 5 shows
the data met the test for significance, and the Null Hypo-
thesis was rejected, Mean performance scores were impaired
following ultravinlet irradiation, There was no significant

interaction,

Table 5

Analysis of Variance for Physical Work Capacity
After Incandescent and Ultraviolet Exposures

Source of Sum of dr Mean F P

Jariance Squares Square

A (Groups) 892,51 1 892.51 50,08 .01
iset, Subj. Error 677.21 38 17.82

B (Light Effects) 8.05 1 8,05 9.23 .01
Ag {(Group x Light)} 0.0u4 1 0.04 0.05 NS
Within Subj. krror 33.14 33 0.487

Total 1,610.95 79

F = 4,10; F.Ol = 7,35

.05
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Chapter 5
SUMMARY AND FINDINGS

This study was designed to determine the effects of
a single exposure of erythemal intensity ultraviolet rays on
motor performance, and to determine if a difference exists
between the effects of ultraviolet rays on physically active
and relatively sedentary subjects.

The study was conducted during the months of January
through March, 1974, when solar radiation was relatively
low. A group of 20 subjects were members of athletic teams
at East Carolina University, Ureenville, lorth Carolina.
These subjects were wrestlers, swimmers, or basketball play-
ers, and were well trained during the data collecting peri-
od. A group of 20 untrained subjects were volunteers from
health classes. These subjects were relatively sedentary
and were not members of athletic teams or physical education
classes, All subjects were male caucasian college students,

An ultraviolet treatment of 12 minutes duration with
a General Electric kS 275 watt sunlamp was administered from
a distance of one yard to the anterior and posterior aspects
of the upper torso of each subject. For a placebo effect,
each subject also received a similar exposure under an in-

candescent lamp. Light treatments were administered two
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weeks apart following a counter-balanced order.

Each subject was tested on motor performance after
each light treatment. Parameters investigated included
power (vertical jump), strength {elbow flexion), speed (30-
yard sprint}, total body response to a complex stimulus, and
physical work capacity as measured by the Balke-Ware tread-
mill test. Performance tests were taken 24 hours after
light treatments.

The statistical design used to analyze the data was
a two x two factorial analysis of variance with repeated
measures, This design provided a comparison for ultraviolet
effects, and an analysis for interaction between groups and
light effects,

The findings were:

1., Ultraviolet irradiation, as administered in this
study, failed to affect performance in power, speed, or
total body response.

2, Performance in elbow flexion strength was im-
paired at the .05 level of confidence following ultraviolet
irradiation,

3. Ultraviolet irradiation impaired performance on
the Balke-Ware physlcal work capacity test at the .01 level
of conflidence.

4, There was no significant interaction between
groups and light effects on performance in any of the

parameters investigated.
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DISCUSSION OF FINDINGS

The results of this study show that a single expo-
sure of ultraviolet rays did not produce significant changes
in mean performance scores in power, total body response, or
speed in running. Differences in mean scores wWere negli-
gible in all three cases. Mean scores in the power jump
were 232,59 foot-pounds following incandescent treatments
and 233.34 after ultraviolet exposures, Total body response
mean velocity scores were 6,264 feet per second after in-
candescent treatments as compared with 6.260 feet per second
following ultraviolet irradiation. INean veloclty scores
were 22,46 feet per second after incandescent treatments and
22.48 feet per second under ultraviolet effects.

Strength and physical work capacity were impalired
following ultraviolet irradiation. Elbow flexion strength
decreased from 74,50 to 72.27 pounds, and treadmill per-
formance time decreased from 21.27 to 20.64 minutes.

Physical work capacity may have been affected by a
summation of circulatory and metabolic parameters reportedly
altered during the erythemal stage following ultraviolet
irradiation.

The amount of oxygen required per caloric expendil-
ture depends upon the source of energy involved in the
oxldative process, Carbohydrates provide the most efficlent
source of energy during exercise, requiring less oxygen than

fats or proteins per calorie provided. The proportion of
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energy sources involved in metabolism is indicated by the
resplratory quotient, which increases with greater carbohy-
drate utilization and decreases with less involvement of

1 Seidl reported that increased excretions of

carbohydrates.
glucocorticoids important in the oxidation of glucose and
lower respiratory quotients were observed in subjects during
rest and work following ultraviolet exposures, placing a
greater reliance on energy sources other than carbohydrates,
Fischer and Solomon stated that blood sugar levels decreased
and metabolic rates and amino acid nitrogen levels in urine
increased following ultraviolet exposures, indicating great-
er protein metabolism.3 When utilizing energy sources other
than carbohydrates, an increased consumption of oxygen is
needed to accomplish a given work task, offering an explana-
tion for decreased physical work capacity following the
ultraviolet treatments,

Blood changes may have exerted a detrimental effect
on physical work capacity. Although systematic treatments

have been shown to increase erythrocyte counts, an increased

1Peter V. Karpovich and Wayne E, Sinning, Physiology
of Muscular Activity (7th ed,; Philadelphia: W, B, Saunders
Company, 1971), pp. 80-82.

2Ellen Seidl, "The Influence of Ultraviolet
Radiation on the Healthy Adult," The Biologic Effects of
Ultraviolet Radiation, ed, Frederick Urbach (New York:

Pergamon Press, 1969), p. 453,

3Ernest Fischer and Sidney Solomon, "Physioclogic
Effects of Ultraviolet Radiation," Thezageg&%g bLlectricity
and Ultraviolet Radiation, ed., Sidney Licht (2nd ed.;
Baltimore: Waverly Press, 1967), p. 292, p. 295,
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destruction of red blood cells has been observed in blood
and urine following irradiation.u Ricci stated that hemo-
globin, which is contained in erythrocytes, determines the
oxygen carrying capacity of blood.5 Lower aerobic abilities
of small children and females are partly due to lower hemo-

6

globin concentrations in blood. An increased destruction
of erythrocytes induced by ultraviolet treatments may have
adversely affected oxygen transporting capacity of the blood
during the test of physical work capacity. However, blood
analyses were not taken to confirm this occurrence.
Vascular changes altering the distribution of blood
flow may have impaired physical work capacity. Increased
cutaneous blood flow induced by exercise in a hot environ-
ment results in a reduced cardiac filling pressure and
stroke volume, while an unchanged cardiac output is main-
tained by tachycardia.? Maximum heart rate is approached
earlier during exercise in the heat because of an altered

distribution of blood flow to the skin and visceral organs,

and the ratio of cutaneous blood flow to cardiac output is

uFischer and Solomon, p. 293.

5Benjamin Ricci, Physiological Basis of Human Per-
formance (Fhiladelpnia: Lea and Pebipger, 1lvyo07), p. 131,

6Per'--Olof Astrand and Kaare Rodahl, Textbook of Work
Physioloyy (lew York: MNcCraw-Hill Book Company, 1970),
p. 311, pp. 330-331.

?Lorinp o Rowell, "Human Cardiovascular lesponses
to kxercise," Lkxercise and the Heart, ed. Hobert L. lhorse
(Springfield, 1llinois: Charles C. Thomas, Publishers,
1972}, pp. 17-23.
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suggested as an index of stress imposed during exercise in
a hot environment.8 A large increase also occurs in cuta-
neous blood flow during an erythemal reSponse.9 The effects
of cutaneous circulation caused by ultraviolet irradiation
may be similar to the stress imposed by increased peripheral
circulation induced by a hot environment,

This study did not investigate the occurrence of any
of the previcusly mentioned metabolic or clirculatory changes.,
However, the combined effect of ali or several of these as a
result of ultraviolet irradiation may have exerted a detri-
mental effect on physical work capacity.

The reduction in strength obscerved in this study is
difficult to explain, since strength is not as dependent as
physical work capacity on circulation.lo Wwatkins wrote that
irradiation may promote a sense of "lassitude," and the sub-
jJects in this study may have developed a lethargic attitude
toward a straining activity demanding a maximal exertion.l1

No evidence can be offered to sugprest why two param-

eters investipated in this study were impaired, while power,

8Loring B. Howell, "Effects of Strenuous Lxercise
and Heat Stress on Estimated Hepatic i3lood Flow in Normal
Men," Physical Activity and the Heart, eds. lartti J.
Karvonen and Alan J. #arry (Springfield, Illinois: Charles
C. Thomas, Publishers, 1967), pp. 75-706.

JRischer and Solomon, p. 306.

10Astrand and Rodahl, p. 88,

llﬂrthur L. watkins, A llanual of Electrotherapy
(2nd ed.; Philadcliphia: Lea and Febiger, 19062), p. 52.
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speed, and total body response were unaffected. Contrary to
strength and physical work capacity, performances in power,
speed, and total body response were highly influenced by
speed of muscular contractions. Perhaps these three un-
affected parameters were more dependent upon skill and less
reliant upon physical factors that might be affected by
ultraviolet irradiation.

Performance scores between the Trained and Untrained
Groups were significantly different in only one parameter
investigated, physical work capacity. Appendix D on page 84
and Appendix ¥ on page 86 reveal large ranges in performance
that contributed to an increased between subject variance in
the statistical treatment of data. This might be partly due
to the fact that three different types of athletes (basket-
ball players, wrestlers, and swimmers) were used in this
study. ilasketball players were capable of performing well
in the vertical jump (as exemplified by subjects 34 and 33),
but ectomorphic type players (subjects 33 and 34) were weak
in elbow flexion strength. Lightwelpht class wrestlers
(subjects 22, 23, 31, and 39) decreased the mean score for
the Group in the vertical jump. Several swimmers (subjects
37, 38, and 40) were not adept in total body response, a
task unrelated to proficiency in their particular sport.
While basketball players and wrestlers usually performed
well in total body response, some wWrestlers (subjects 31 and
39) achieved low scores that decreased the Group's mean. In

the 30-yard sprint, basketbvall players (exemplified by
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subjects 25, 32, and 33) were superior to some wrestlers
(subjects 26, 31, and 39). A lightweight class wrestler
(subject 23) performed below the mean of the Untrained Group
in every test except total body response; however, this
highly skilled wrestler was very adept in his particular
sport, These results imply the principle of specificity of

athletic ablility endorsed by many physical educators.

CONCLUSIONS

Within the limitations of this study, the following

conclusions were made:

1, A single ultraviolet exposure of erythemal in-
tensity impaired performance in physical work capacity and

muscular strength.

2, Motor parameters involving speed of muscular
contraction were not affected by ultraviclet irradiation,

3. There was no difference with regard to the
physical activity of the subjects and their response to an

ultraviolet exposure,

4, A single ultraviolet exposure will not serve as
an ergogenic aild to improve motor performance, and may be

considered 111 advised.

RECOMMENDATIONS

A need exists for additional knowledge concerning

the effects of ultravioclet irradiation on performance in

physical activities, Since past investigations have been
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predominantly conducted and published in Europe, many Ameri-
can physlcal educators and sports medicine professionals may
be unaware of the possible effects of ultraviolet irradia-
tion on motor performance. Problems worthy of further in-
vestigation include:

1. Does the accumulative effect of a series of
ultraviolet treatments actually affect performance in com-

petitive athletic events?

2. How 1s motor performance affected by a single
ultraviolet exposure of a greater intensity than that used
in this study? Would parameters that were unaffected in the
present study be impaired if the subjects were exposed to
ultraviolet rays capable of producing a second or third

degree erythemal response?

3. What 1s the relationship between the initial and
belated effects of ultraviolet treatments? Do subjects who
display impaired performance to an initial exposure respond
with favorable gains after receiving a series of treatments?
Do subjects who are unaffected by initial treatments also
fall to receive beneficial effects that many researchers

claim occur as a result of systematic treatments?
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UNTRAINED GROUP MEAN PERFORMANCE SCORES

APPENDIX C

FOLLOWING INCANDESCENT TREATMENT

Vertical
Power
Jump

(ft-1bs)
254,94
247,49
217.84
249,01
299,67
145,83
206,83
229,91
213,60
235,81
200,00
169.27
256,26
232,73
239.58
239.35
254,60
228,93
274,69
211,68

230.40

Total
Body
Response

(ft/sec)
6.275
6,600
6.145
6.539
6.756
5.983
6.496
5,955
6.233
6.709
5.861
5.550
6.113
6,319
5.418
6.083
6,065
6.655
6.224
6.046

6.201

Elbow Thirty
Flexion Yard
Strength Sprint
_{1lbs (ft/sec)
79,92 22,84
64,83 23,30
67.50 20,77
83.33 23,42
74.83 23,66
75.50 23.19
74.33 23,22
81,00 21,21
70.17 21,98
65.83 22,56
61,33 21.95
62,50 21,55
58.00 20,74
89.75 21,92
61,33 20,58
80,83 23,26
75.50 21,78
67.83 23,18
65,00 22,34
81,00 23,06
72.02 22,33

Physical
Work
Ca, acity

(min)
18,75
16,50
13.00
22,48
21.70
21,05
14,08
15,08
16,87
20,93
12.98
15.73
19,05
16,68
18,77
21,52
20,22
18,43
14,38
20,03

17.91
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AFPPENDIX D

TRAINED GROUP MEAN PERFORMANCE SCORES
FOLLOWING INCANDESCENT TREATMENT

Vertical Total Elbow Thirty Physical
Power Body Flexion Yard Work
Jump Response Strength Sprint Capacity
Subject (ft-lbs) (ft/sec) _L;b§§ (ft/sec) (min)

21 250,72 6.719 79.25 23,24 27.65
22 200,28 6,341 71.83 23,26 24,53
23 170,81 6.661 67.67 21,61 17.48
24 221,06 6.393 71.17 23.24 21.53
25 259.60 6.146 91,83 23,50 28,13
26 241,18 6,048 96.75 21,10 30,58
27 203.44 5.901 78.83 23.34 26,07
28 200,81 6.739 96,08 23.16 23.05
29 253.13 6.3k1 79.25 23,54 22.43
30 218,51 6,063 72.67 22.39 26.05
31 199,74 5,801 65.33 20.12 27.42
32 273.49 7.156 ?75.33 24,13 22.62
33 259,38 6.889 66.67 23.89 25,87
I 283.40 6.326 61,67 22,1 24,65
35 343,47 6,240 86,67 22,08 26,78
36 229,18 6.509 75,50 23,18 24,63
37 256,90 6€.070 63.17 23.94 20,60
38 227.31 6.075 63.67 23.24 21,03
39 179.01 5.923 79.25 20,51 28.08
Lo 218,29 6,188 97.17 20,30 23,58
Mean 234,74 6.326 76.99 22,60 24,64
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UNTRAINED GROUP MEAN PEBFORMANCE SCORES

APPENDIX E

FOLLOWING ULTRAVIOLET TREATMENT

Vertical

Power
Jump

(ft-lbsl

271,96
254,53
205,10
247,25
274,67
146,81
203.84
238,138
200,69
251,24
201,27
166.03
247,63
237.96
258,56
243,57
249,75
239,34
268,25
209.79

230.83

Total
Body

Hesponse

(fgzsecl

6,246
6.301
6.245
6.550
6.859
6.003
6.289
6.096
6.263
6.933
6.126
5.828
5.918
6.385
5.545
6.015
5.899
6.725
6.096
6.199

6.226

Elbow Thirty
Flexion Yard
Strength Sprint
{1bs) (ft/sec)
81,67 23.04
65.67 22.71
76.83 20.95
73.50 23.83
80.25 23,79
73.83 23,02
66,50 23.28
80,50 21,20
65,33 21,84
71,83 23,52
58,50 22,00
63.33 21,55
55.17 20,90
86,50 21,82
58,33 20,49
67.75 23,96
68,33 21,79
56.83 23.16
63.50 22,26
72.00 22,28
69.31 22,37

Physical

Work

Capacity
(min}

18.45
16.77
12,55
22,05
17.97
18.48
14,40
14,58
18,93
21,27
11,07
14,57
19,48
17.05
17.20
20,12
20,63
16,78
14,37
19.75

17.32
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Subject

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
4o

Mean

TRAINED GROUP MEAN PERFORMANCE SCORES

APPENDIX F

FOLLOWING ULTRAVIOLET TREATMENT

Vertical Total Elbow Thirty
Power Body Flexion Yard
Jump Response Strength Sprint

{ft-1bs) (ft/sec) (1bs) (ft/sec)

242,31 5.970 84.83 22,39
199,00 6.481 67.50 23,08
155.56 6.660 66,67 22,12
227.33 6,468 66.67 23,26
273.07 6,318 89.00 23,38
251,56 6,084 90,00 21,71
213,19 6.514 82,67 23.87
198.49 6.409 93.50 23.44
251,56 6,094 72.17 22,86
210,00 6.514 71.33 22,62
197.08 5.969 68.33 20,52
271,14 6,486 67.33 24,13
259,61 6.908 71.50 23.58
293,49 6.204 58.50 22,10
360,64 6,173 92.75 22,08
233.94 6,398 66.50 23,04
275.91 6.001 75.33 23.20
219,26 6,245 62.83 23,10
193.58 6.124 70.33 20,51
190,07 5.865 86.83 21,01
235,84 6.294 75.23 22,60

Physical
wWork
Capagity
min

25.17
25,12
15,67
20,93
28,42
27.83
24,07
22,17
25.28
24,08
25,98
23.55
25.35
24,08
26,70
24,30
21,15
18.87
27.35
23,08

23.96
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APPENDIX G

PRODUCT-MOMENT CORRELATION COMPUTATION FOR
RELIABILITY OF THE VERTICAL POWER JUMP

Sub X

X _

231,03
250,79
307.20
240,02
264 42
224,93
313,42
242,98
309,10
10 307,52
11 277.31
235,81
358,79
258,96
282,92
314,17
310, 56
301,1

NO OO L N

19 221,67

5252.7
X=276,46
¥=272.40

211,05
245,62
283,73
241,86
257 .46
232,29
336.55
2413, 54
305,50
275.33
276 .75
224,84
326,39
248,64
288,00
311.46
308,28
323.00

5175.5

Xy

r =
Vx?

. y2

25354,

87

X Yy x2 Yz XY
-25.67 26,78 658.95 717,17 687,44
30,74 11.33 9Lk ,95 128,37 348,28
-36.44 -30,54 1327.87 932,69 1112,88
-12,04 14,94 144,96 223,20 179.88
-51,53 -40,11 2655.34 1608.81 2058.85
36,96 64,15 1366,04 4115,22 2370,98
-33,48 -28,86 1120,91 832,90 966,23
32.64 33,10 1065.37 1095.61 1080,38
31.06 2.93 964,73 8.58 91,01
.85 h,35 .72 18,92 3.70
40,65 -47.,56 1652.42 2261,95 1933.31
82.33 53.99 6778.23 2914,92 4445,00
-17,50 =-23.76 306,25 564,54 415,80
6.46 15,60 41,7 243,36 100,78
37.71 39,06 1422,0 1525,68 1472,95
34,10 35,88 1162,80 1287.37 1223,51
24,64 60,60 607.13 13672.36 1493,18
-54079 '“7-15

ol

25354.64

25354 .64

27709.15

.92

V' 29286.26 x 28138.59

"~V 767796882.7734

%&?2% 2223,12 2535.3&
2%2 .26 28138,59 25354,06
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APPENDIX H

PRODUCT-MOMENT CORRELATION COMPUTATION FOR
RELTABILITY OF TOTAL BODY RESPONSE

Sub X Y X Yy xz xz Xy
1 5.72 5.91 -.62 - u2 . 3844 L1764 2604
2 6.81 6.68 7 .35 .2209 .1225 L1645
B 6.31 6.39 -.03 .06 .0009 0036  -,0018

6.79 6.85 45 52 .2025 L2704 « 2340
5 6,12 6.29 -,22 -~.04 LoLBhL 0016 .0088
6 6,25 6,11 -.09 -.22 .0081 L0L8Y .0198
7 6.67 6.92 .3 « 59 .1089 . 3481 .1947
8 6,68 6.55 3 .22 L1156 , 0484 L0748
9 6'25 600“' "‘009 -029 .0081 008“’1 a0261

10 6.18 5,98 -.16 -.35 0256 .1225 . 0560

11 6.00 6,27 -3 -,06 .1156 .0036 .0204

12 6,60 6.52 .26 .19 0676 L0361 049l

13 6.08 5.97 -.26 -.36 L0676 .1296 .0936

14 6,27 6.12 -.07 -.21 0049 L O%l1 L0147

15 6.45 6.38 .11 .05 ,0121 .0025 .0055

16 6,23 6.09 -o11 -, 24 L0121 .0576 0264

17 6.30 6,40 -0l .07 ,0016 L0049  ~,0028

18  6.43 6.45 .09 W12 .0081 L0144 .0108

19 6.31 6.39 -.03 .06 . 0009 ,0036 -.0018

120.45 120,31 1.4139  1,5224  1,2535
X = 6.34
Y = 6,33
Xy
r = 7 x2 - yz
1.2535 1.2535
r =

v 1.4139 x 15224 -V 2,1525213

1.2535
1,4671

r = ,85



APPENDIX I

PRODUCT-MOMENT CORRELATION COMPUTATION FOR
RELIABILITY OF ELBOW FLEXION STRENGTH

89

Yy x# yz xy
-4%,57 1.30 20,88 5,21
13,60 132,94 184,96 156,81

3.10 27.70 9,61 15,41
3.77 284,26 14,21 63, 56
-.40 102.82 .16 i, 06
13.60 72,76 184,96 116,01
-14,73 37,70 216.97 90 4l
=21.73 317,20 472,19 1387.01
-1.23 47,06 1,51 -8, 44
-2,07 48,58 4,28 14,43
12,60 301,37 158.76 218,74
- 40 7.90 .16 1.12
3,10 6.97 9,61 -8,18
~9.4 66,26 88,36 76.52
5.60 103,84 31.36 57.06
-7.23 124,10 52,27 80, sk
14,60 251,54 213,16 231,16
6.10 17,56 37.21 25,56
2330.94% 1907.98 1776,.57
1776.57

Sub X Y x
1 77,00 75.83 -1,14
2 58,67 66,00 -=19,47
2 89.67 94,00 11.53
?301? 83050 -ucg?
5 95.00 84,17 16,86
6 68.00 80.00 -10.14
7 86.67 94,00 8.5
8 72.00 65.67 -6.1
9 60,33 58,67 =17,81
10 85.00 79,17 6,86
11 ?1.1? ?8033 -6097
12 95,50 93,00 17.36
1 75.33 80,00 -2,81
1 75.50 83,50 -2,64
15 70,00 71,00 8.1k
16 88,133 86,00 10,19
17  67.00 73,17 -11,14
18 94,00 95.00 15.86
19 82.33 86.50 L,19
1484,67 1527.51
X = 78.14
Y = 80.40
xy
r =
1776.57
r =
Y 2330.94 x 1907.98
1776.57
r = —m
2108.88
r= ,84

~ V4447386, 90



PRODUCT-MOMENT CORRELATION COMPUTATION FOR

APPENDIX J

RELIABILITY OrF THE THIRTY-YARD SPRINT
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Sub X Y x y x2 Yz Xy
1 22.17 22.32 07 .65 0049 A22s Ol ss
2 22.32 22.39 22 .72 LOL48L . 5184 . 1584
3 22.61 21,50 .51 -.17 2601 0289 -.0867
4 21,79 21.23 -. 31 -l 0961 .1936 . 1364
5 22.73 21,72 .63 .05 +3969 .0025 0315
6 21,79 21,41 -, 3 - 26 0961 0676 . 0806
7 22.90 22,98 .80 1,31 6400 1.7161 1,0480
8 22.45 21,81 .35 Ak 1225 0196 0490
9 22.71 22.37 .61 .70 .3721 L4500 L4270
10 21.25 20.33 -.85 -1,34 .7225 1.7956 1.1390
11 18,11 17.66 -3.99 ~4,01 15,9201 16,0801 15,9999
12 21,63 21,40 =47 -.27 . 2209 .0729 .1269
13 21,38 21,01 -.72 -.66 . 5184 356 L4752
14 22,54 21,76 Ll .09 .1936 .0081 .0396
is 23,64 23,44 1,54 1.77 2.3716 3.1329 2.7258
16 22.24 21,97 b .30 .0196 .0900 , 0420
17 22.20 21,11 .10 -,57 .0100 . 3249 -.0570
$97.88 390.00 23,7562 29,1242 24,9287
X = 22,10
Y = 21,67
Xy
r =
v <2 y2
24,9287 24,9287
r = =
v/ 23.7562 x 29,1242 v/ 691,88073
24,9287
r= -
26.30736
r“.95



APPENDIX K

PRODUCT-MOMENT CORRELATION COMPUTATION FOR
RELIABILITY OF PHYSICAL WORK CAPACITY

91

Sub X Y x y x? yz xy
1 18,75 18.45 -2.27 -2.,06 5,15 4,24 4,68
2 27.65 25,17 6.63 4,66 43,96 21,72 30,90
3 13,00 12,55 8,02 7,96 64,32 63.36 63,84
4 17,48 15,67  -=3.54 4,84 12.53 23,43 17,13
5 21,70 17,97 68 -2.54 a 6.45 -1,73
6 28.13 28,42 7.11 7.91 50,55 62,57 56.24
7 14,08 14,40 6,94 -6.,11 48,16 37.33 42,40
8 26,07 24,07 5,05 3,56 25,50 12,67 17.98
9 16.87 18,93 4,15 -1,58 17,22 2.50 6.56
10 22.43 25,28 1,41 4,77 1.99 22.75 6.73
11 12,98 11.07 -8.04 -9 44 64,64 89,11 75,90
12 27,42 25.98 6.40 5,47 40,96 29,92 35,01
13  19.05 19.48 1,97 -1,03 3,88 1.06 2.03
ik 25,87 25.35 4 .85 L, 84 23,52 23,43 23,47
15 18,77 17.20 -2.25 -=3.,31 5,06 10,96 7.45
16 26,78 26,70 5.?6 6,19 33.18 38,32  35.65
17  20.22 20.63 -.80 12 .64 .01 -.10
18 20,60 21,15 ~ 42 L64 .18 A1 -.27
19 14,38 14,37 -6.64 -6,14 Wy 09  37.70 40,77
20 28.08 27.35 7.06 6.84 49,84 L6,79 48,29
420,31 410,19 535.83 534,73 512,93
X = 21,02
¥ = 20.51
Xy
T =
V4 2 yz
512,93 512,93
r = =
vV 535.83 x 534.73  / 286524.37
512.93
r =
535.28
r= ,96
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APPENDIX L

COUNTER-BALANCED SCHEDULE
OF LIGHT THEATMENTS

First
Treatment

Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultravioclet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultravioclet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviclet

Second
Treatment

Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultravioclet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultravioclet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent
Ultraviolet
Incandescent

92
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APPENDIX M

COMPUTATICN OF ULTHAVIOLET
EXPOSURE TINE

Basic Considerations

1. An erythemal dosage is approximately 42 E-viton
minutes (2500 E-viton seconds per square centimeter divided
by 60 seconds = 41,67 E-viton minutes) .’

2, The intensity of sunlamps ", . . varies inverse-
ly as the square of the distance from the lamp."2

3. Intensity decrcases as the rays digress from the
center of focus. At 7.5 degrees, rays of the KHS 275 sunlanmp
are approximately 92.5 percent of the intensity emitted at
the center of focus.3

4, The General klectric KHS 275 watt sunlamp emits

5.4 E-vitons per square centimeter at a distance of 30

inches.u

Computation of Exposure Time

Intensity (30") x (30")2
Intensity (36") = 5
(36™)
5.4 E-vitons x 900 -
Intensity (36"} = p = 3,75 k-vitons per cm”,
129

lewils R. Koller, Ultraviolet Hadiation (2nd ed.;
New York: John viiley and Sons, inc., 19v5), pp. 15-19,

2 4

Koller, p. 49. 3Koller, p. 48, Koller, p. 49,
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APPENDIX M (continued)

Intensity at 7.5 degrees from center of focus = 92,5
percent of 3.75 E-vitons = 3.47 E-vitons.

Dosage for 12 minutes exposure at the center of
focus = 3.75 kE-vitons x 12 = 45 E-vitons per squarec centi-
meter,

Dosage for 12 minutes exposure at 7.5 degrees from
the center of focus = 3,47 E-vitons x 12 = 41,04 E-vitons
per square centimeter,

Area lixposed #ithin 7,5 Dexrees
From The Center of iFocus

If

Kadius 36 inches x .1317 (tangent of 7.5 degrees)

4,74 inches = 12.04 centimeters

Eadius

Area = Pi x hadiusz = 3,14 x (12.0&)2

Area 455,17 square centimeters
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