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Abstract

THE EFFECT OF THE WARJI WATER BATH ON AXILLARY

TEMPERATURE IN NOHMM. NEWBORNS

by Ann J. Morton

The purpose of this study was to compare the effects of the x?arm

water bath and the radiant heater on the axillary temperatures of normal

newborns. The sample group consisted of thirty newborns—^15 babies

placed into the water bath in Group I, and 15 babies placed under the

rhdiant heater in Group II. Birth weights were between 6.25 and 8.75

pounds, gestational ages between 37 and 41 weeks, and 5-minute Apgar

scores were 8 or more. The maternal temperatures, taken within two hours

before birth, ranged between 97 and 99 degrees. All infants were bom

by spontaneous or low-forceps vertex deliveries, and labor lasted be

tween three and nineteen hours. The infants in Group I were placed in a

99-degree water bath as soon as the umbilical cord was clamped and cut

and remained there for 10 minutes. The infants in Group II were placed

underneath an overhead radiant heater set on "high" for 10 minutes as

soon as the umbilical cord was clamped and cut. Axillary temperatures

were taken for each subject at 15—minute intervals for two hours after

birth. During these two hours, all infants remained with their parent(,s)

in the recovery area. The data comparing the effects of the two pro

cedures on the infant's temperature stabilization time and two-hour

temperature were analyzed using an analysis of covariance and partial

correlation. The results of these analyses showed that the water bath



group had significantly shorter temperature stabilization times (p=.001),

and also significantly higher ftwb-hour temperdtitras (p=0.05). Maternal

temperature and time interval Between birth and warming also were found

to have significant effects on temperature stabilization time and two-

hour temperature. It was concluded that not only may the water bath be

used without fear of adverse effects on the infant's temperature, but

that for the 30 study subjects, the water bath is more effective than

the radiant heater in stabilizing and increasing the infant's axillary

temperature within the first two hours after birth.
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Chapter 1

FORMULATING AND DEFINING THE PROBLEM

INTRODUCTION AND STATEMENT OF THE PROBLEM

Introduction

Thou Nurse in swaddling bands the Babe enfold
And carefully defend its Limbs from Cold
If Winter, by the Chimney place the Chair
If Summer, then admit the cooling Air

Old Quatrain
(Scopes, 1970, p. 31)

Man living in the modem world is essentially a tropical creature

and seldom needs to become physiologically adapted to cold (Heim, 1971,

p. 790). This is not the case, however, with his offspring. The air

conditioned delivery room is designed for the gowned delivery personnel.

It is not at all thermally suited for the naked, wet, newly bom infant

(Evaps, 1974, p. 202). Birth is the \iniversal cold stress for an infant

in a civilized society. The extra energy demanded of a small infant who

is cold may create enough added stress to kill him. It is "like forcing

an older patient with, heart failure and pulmonary edema to run a mile."

(Miller, 1971, p. 47) Therefore it is imperative to conserve heat during

the baby's first few hours of independent life, since both his survival

and his chance of becoming a healthy child are markedly influenced by

the temperature of his surrounding environment (Heim, 1971, p. 790).

Background

The earliest records of temperature regulation of the newborn

infant are found in the Old Testament, where swaddling was used for both



2

symbolic and practical purposSii the tecKnie o£ swaddling used by the

Greeks and Romans persisted throughout Europe into the Middle Ages. This

practice disappeared irom England and France in the latter part of the

eighteenth century (Motil and Blackburn, 1973, p. 534).

The modern era of thermoregulation was ushered in during the

1890's by the physician Pierre-Constant Budin, who fabricated the con

cept of the environmental "cold stress" imposed on infants at birth. In

an attempt to combat the effects of cold stress, Budin designed an incu

bator which provided for oner-way flow of warm air, additional humidity

and temperature monitoring of the environment (Motil and Blackburn, 1973,

p . 635) .

Since Budin's time, many advances have been made in the field of

thermoregulation of the newborn. In 1961, Karl Bruck determined that the

htnnan infant is homothermic from birth, but that the thermal control

mechanisms still need assistance in overcoming the stress encountered at

birth (Bruck, 1961, p. 111). Modem mechanisms used to control the

infant's environment include servocontrol mechanisms on overhead heaters,

incubators, and heated mattresses, perspex heat shields, swaddlers made

of plastic or alianinum foil, and others. Today, most hospitals use

radiant heaters in the delivery room to warm the infant and his immediate

environment (Korones, 1976, p. 72).

In 1975, Dr. Frederick Le Boyer, a French obstetrician, intro

duced his method of child delivery, "birth without violence." Le Boyer

proposed the manipulation of several environmental factors in an attempt

to simulate the intrauterine environment as closely as possible. The

object of this manipulation was to decrease birth trauma caused by
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seixsory shock. One of the proceeiures ihhetMt in this method is to

place the newborn baby in a 37 degree (Celsius) water bath after the

cord is clamped and separated. The baby remains in the water bath as

long as the parents desire; the mean time being between ten to fifteen

minutes. When the baby is removed from the bath, he is dried and wrapped

in a warm blanket and given to the mother and put to breast (Mahan, 1976,

p. 52).

There has been considerable professional and personal interest

in the Le Boyer method of delivery. Implementation of the procedure has

occurred with seemingly very limited study done of the procedure's

effects oh the physiological responses in the newborn (Trotter, 1975,

p. 107).

Statement of the Problem

Maintenance of an optimal thermal Environment is one of the most

important aspects of effective neonatal care (Korones, 1976, p. 64). To

maintain safe practices in the delivei^?- area, it is imperative that the

delivery room personnel have information regarding the effect of the warm

water bath on the baby's axillary temperature, as compared with the

standard practice of using the radiant heater. Therefore, the statement

of the problem for this study was; How do the axillary temperature

readings of normal ne-^diorns placed in the warm water bath and under the

radiant heater compare?

THEORETICAL DEVELOPMENT

Temperature stabilization in the newborn is achieved when balance

is maintained between the amount of heat produced and the amount of heat
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lost (Heim, 1971, p. 805). The sewborn's liorttiai capacity for heat pro

duction is developed and is stimulated by the "cold stress" experienced

at birth (Heim, 1971, p. 805), Thus, one wohld imagine that the in

fant could compensate for his cold stress by increased heat production.

However, the anatomy of the newborn predisposes him to excessive amounts

of heat loss through four avenues: conduction, convection, evaporation,

and radiation (Korones, 1976, p. 65). This heat loss has been calculated

as 200 cal/kg/min at birth, compared to a heat production capacity of

80 cal/kg/min (Scopes, 1970, p. 48). Thus, the birth experience creates

a large discrepancy between rate of heat loss and rate of heat produc

tion, and the tinattended newborn has no chance for thermal stabilization.

Only when he is given aid through procedures that help decrease heat loss

from these four avenues can temperature stability be obtained.

The radiant infant warmer provides an environment for the baby

in which warm circulating air emanates from an overhead radiant source

(Korones, 1976, p. 72). Since warm circulating air decreases conductive

and convective heat loss and poorly conductive material on the mattress

further decreases conductive heat loss, the radiant warmer should help

provide an environment that will decrease both conductive and convective

expenditures (Batim, 1968, p. 32). Also, the radiant heat that the warmer

provides compensates for losses due to convection and evaporation (Adam-

sons, 1966, p. 612). Heat lost by a combination of conduction, convec

tion, and evaporation make up approximately 33 per cent of the total

heat loss (Smith, 1969, p. 644). Therefore, theoretically, the radiant

heater encourages temperature stabilization by decreasing heat loss to

the infant's environment by about one-third.
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The warja water bath ptb"#ides the ihtehi an environment of a good

conductive source of warmth at one hundred per cent absolute humidity.

The wet newborn loses a significant amount of body heat through evapora

tion of amniotic fluid from his skin's surface (Motil and Blackburn,

1973, p. 635). This evaporative heat loss is inversely related to the

absolute humidity of the environment (Hey, 1975, p. 71). Therefore, by

placing the newborn in a fluid environment, evaporative heat loss should

be virtually eliminated. Also, water has a twenty-five times greater

thermal conductivity than air, so taking the baby from an environment

of cold air and placing him in an environment of warm water should de

crease conductive heat loss (Smith and Banna, 1975, p. 100). Convective

heat loss is also minimized in the warm water bath since about 80 per

cent of the body surface is submerged, and thus unaffected by the cool

air environment (Bruck, 1961, p. 70). Since evaporation accounts for

about 25 per cent of total heat loss, conductive accounts for about 5

per cent, and convective heat loss is minimal (1%), placing the baby in

a warm water bath should, theoretically, decrease heat loss by approxi

mately 31 per cent (Motil and Blackburn, 1973, pp. 635-636).

BESIGN OF THE STUDY

Purpose of the Study

The purpose of this study was to improve nursing care of new-

boms by comparing the effects of the radiant heater and the warm water

bath on axillary temperature. These results would assist in determining

whether there is a difference in the effectiveness of the two methods in

maintaining thermal control in the newborn.
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Hypotheses of the Study

The two hypotheses for the study were: (1) there will be no

significant difference (p=0.05) between the amount of time passing be

fore temperature stabilization occurs in the two groups; and (2) there

will be no significant difference (p==0.05) between the body temperatures

of the two groups at the end of the two-hour testing period.

Definition of Terms

Body temperature. Body temperature was measured as axillary tem

perature, using a mercury thermometer left in place for three minutes.

Temperature stabilization. For this study, temperature stabili

zation was defined as three consecutive readings of 98 degrees or more,

with the first of these readings determining the time at which tempera--

ture stabilization occurred.

Normal newborns. Normal newboms were those babies born by spon

taneous or low forceps, vertex delivery, and labor lasting between three

and 24 hours, with no apparent anomalies or signs of post-maturity,

weighing between 5.5 and 10 pounds. They were 37 to 41 weeks old by

gestational age, had a five-minute Apgar score of 7 or more, and were

bom of mothers having an oral temperature between 97 and 99 degrees

within tiTO hours before delivery.

Warm water bath. A tap water bath maintained at 99 degrees.

Radiant infant warmer. An open-table heater with an overhead

radiant heat source, set on the "high" temperature setting.
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Assumptions of the Study

It was assumed that alloxjing the parents to choose the group

their child would be placed in would not jeopardize the results of this

study, i.e., that no correlation existed between the parents' choice of

groups and an effect on the infant's temperature. It was assumed that

there was no significant difference in axillary temperatures due to dif

ferences in brown fat deposits among the research subjects, since they

were all normal, term babies (Korones, 1976, p. 72). It was also assumed

that all of the themnometer readings were equally accurate. Lastly, it

was assumed that the temperature and hxnnidity of the delivery and

recovery areas did not fluctuate substantially during the data collec

tion period.

Limitations of the Study

The subjects used in this study comprised a sample of convenience

since they were limited to those patients available to the researcher at

a selected university medical center during the early months of 1978

(Collier and Elam, 1961, p. 52). The results of the study were limited

to the reliability and validity of the axillary temperature readings.

Lack of funds and time available for the research also limited the feasi

bility of maintaining a constant temperature in the water bath, measuring

subcutaneous fat deposits of the infants, and recording air currents,

temperature, and humidity of the recovery rooms. The researcher was

further limited by a lack of background and skill as a researcher, and

by lack of complete control over the labor and delivery procedures.



Stil-iMARY

This study was done to eYaluate the effect of the warm water bath

on the newborn's body temperature. The following chapters include a

review of related literature, a chapter on the methodology used for data

collection, a presentation of the data with its analysis, and a stimmary

including conclusions and recommendations for future research.



Ghapter 2

REVIEW OF THE LITERATURE

The probleia under study in this research was to determine how

two different warming procedures compare in their effect on axillary

temperature. The principles of body thermodynamics with consideration

given to neonatal application, different methods of thermal control, and

lastly, studies similar in some aspects to the one undertaken were eval

uated for suggestions in methodology and data analysis.

BODY TEMPERATURE

Before studying temperature regulation in the neonate it is

necessary to explore the basis of temperature regulation—body tempera

ture.

Definition

Adamsons defined body temperature as a term used to describe the

temperature deep inside the body which under normal conditions remains

in a constant thermal state (Adamsons, 1966, p. 600).. This "core" tem

perature remains within plus or minus one degree F., without variation

except during illness (Guyton, 1976, p. 955), while the temperature of

the peripheral parts of the body change according to existing needs

(Adamsons, 1966, p. 600). Within this ± 1° variation is a regular

diurnal fluctuation of 0.5° to 0.7° C. (Ganong, 1975, p. 169) that is

established around the end of the first year of life (Smith, 1959, p.

218).
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"Normal" Body Temperature

Gayton states that there is no single temperature value that

can be considered normal, but that there is a normal temperature range

from approximately 97 to 99 degrees, with rectal values about one degree

F. greater than oral temperatures (Guyton, 1976, p. 955). Axillary tem

peratures are usually one degree F. lower than oral temperatures (Mash

and Dickens, 1973, p. 59).

Selle found that in most children, the range is more variable and

tends to be 0.5 to 1.0 degrees F. (0.3 to O.S'C.) higher than correspond

ing regional temperatures of adults (Selle, 1952, p. 8). Research con

ducted by VanPumbrouck refuted the idea of the two-degree difference

between rectal and axillary measurements in newboms (Van Pumbrouck, 1961,

p. 60). A comparison of 100 three-minute axillary and rectal readings

showed the rectal temperature of 98.6 versus an axillary temperature of

98.0 (Van Pumbrouck, 1961, p. 33). Gibson and Grayson also found little

difference between rectal and axillary temperatures in working with new-

borns (Gibson, 1945, p.. 479; Grayson, 1951, p. 1381). Studies have sug

gested that race (DuBois, 1936, p. 75) and sex (Nichols, 1966, p. 308)

may affect temperature readings. Torrance discovered, however, that in

working with newboms there was no significant difference in readings

between sexes or races (Torrance, 1967, p. 46). Smith agreed that no

temperature difference exists between sexes until sometimes after in

fancy (Smith, 1959, p. 148).

Methods for Determining Body Temperature

Smith and DuBois state that total body temperature cannot be

determined from a single reading or even a "series of readings" from
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any one area of the body (Smith, 1969, p. 645; DuBois, 1948, p. 18).

Guyton proposes that an "average" body temperature can be approximated

for an adult by multiplying 0,7 times the internal temperature, and

adding 0.3 times surface temperature (Guyton, 1976, p. 955).. For prac

tical purposes, there are three methods of measuring body temperature in

the newborn: rectal, axillary, and skin.

Rectal. The rectal temperature is representative of the "core"

temperature of the body and varies least •with changes in the environ

ment (Ganong, 1975, p. 169). Very precise positioning of the thermo

meter is necessary since varied positioning markedly influences rectal

temperature readings (Selle, 1952, p. 6). Most hospitals recommend that

the initial temperature of the infant after delivery be taken rectally

so that the presence of an imperforate anus may be promptly detected

(Moore, 1968, p. 94). Rectal thermometer insertion may cause perfora

tion of the anus (Torrance, 1967, p. 3). Korones suggests that although

rectal temperature is helpful, normal core temperature does not neces

sarily indicate "thermal balance" in a chilled environment (Korones,

1976, p. 72).

Axillary. Axillary temperature is easier to take and less trau

matic for the infant during repeated measurements than rectal temperature

(Torrance, 1967, p. 3). Axillary temperatures are usually taken on small

premature infants for this reason (Mash and Dickens, 1973, p. 89).

Korones states that axillary temperatures can occasionally be falsely

high due to subajacent deposits of heated brown fat and because warmth is

created between the baby's arm and body (Korones, 1976, p. 72). However,
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Van Pujmibrouck, in her study involving 100 full-term normal infants,

found that from a clinical point of view, the axillary measure appears

to be as useful as the rectal measure (Van Puymbrouck, 1961, p. 60).

Skin. The skin temperature receptors of newboms have a domin

ant influence over the metabolism of the neonate. They are quite sensi

tive to small changes in the environment and act independently of inner

body temperature controls (Sinclair, 1972, p. 147), Surface temperature

is the important factor in evoking metabolic responses to cold, and if

skin temperature drops, the baby is considered to be in a state of "cold

stress." (Korones, 1976, p. 73) Skin temperatures average 3.6" to 9" F.

(2-5°C.) lower than core temperature (Selle, 1952, p. 9). Mean skin tem

perature reading using six different sites of the body is the most

theoretically sound temperature reading (Scopes, 1970, p. 45) though

reliable skin temperature readings are difficult to obtain under normal

conditions (Selle, 1952, p. 9). Scopes states that skin temperature of

the exposed abdominal wall is convenient and is the most reliable form

of temperature measurement yet identified (Scopes, 1970, p. 45). Sil-

verman and Sinclair have proposed that skin temperature be used exten

sively in clinical practice due to its apparent value in neonatal thermal

control (Silverman and Sinclair, 1966, p. 147).

AVENUES OF HEAT LOSS

In preparing an experimentally controlled environment, all fac

tors influencing the problem under study must be researched. The

effective environmental temperature of the neonate is not simply a
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measure of ambient air temperttUte, but al^b rifleets the radiative, con

ductive, convective, and evaporative aspects of its thermal environment

as well (Evans, 1974, p, 203). Each of these aspects will be considered

separately below.

Radiative Heat Loss

Radiation is one of the main channels of heat loss (Ganong, 1975,

p. 107). If body temperature is greater than the temperatures of sur

rounding objects, heat is radiated to the objects (Guyton, 1976, p. 956).

Therefore, radiative heat loss occurs between the infant and any immedi

ate surrounding objects of lesser temperature (Evans, 1974, p. 203). Loss

by radiation travels in a straight line (DuBois, 1948, p. 15), and is a

function of the temperatures of solid objects (Oliver, 1965, p. 766).

Radiative heat exchange is influenced by four primary factors;

1. the radiative eharacteristics df the body
2. the radiation area involved

3. the surface temperature
4. the mean temperature of surrounding objects (Selle, 1952,

p. 24).

These factors are drawn directly from Newton's Law of Codling States

(DuBois, 1936, p. 59). Loss through radiation increases with an increase

in surface area (Parmalee, 1952, p. 44). When dealing with newboms, it

is increased substantially when the baby remains uncovered (Smith, 1969,

p. 648). Considerable loss to cool walls of incubators can occur even

at high ambient temperatures (Adamsons, 1966, p. 612). Under normal con

ditions, radiative heat loss accounts for 66 per cent (Motil and Black

burn, 1973, p. 635) or about two-thirds of total heat loss (Smith, 1969,

p. 644). Coupled with convection, it accoiints for greater than twice the

amount of loss by evaporation (Dahm and James, 1972, p. 511).



14

Conductive Heat Loss

Conductive heat transfer occurs between one molecule and another

through solids, liquids, and gases by direct contact. Rate of the heat

transfer depends on two factors;

1. the thermal conductivity of the substance
2, the difference between the temperatures of the two

objects (Selle, 1952, p. 251).

Conductive loss occurs between the infant and cooler surrounding objects

that he comes into direct contact with. The loss varies, but is usually

less than 5 per cent of the total heat lost (Ganong, 1975, p. 170), and

usually increases when only radiative forms of heat are used (Evans,

1974, p. 203).

Convective Heat Loss

Convection is a third main channel of heat loss. It is a form

of heat transfer by currents of air and water and depends upon the fol

lowing factors:

1. total surface area of the body
2. the difference between the body's average temperature

and the air temperature
3. the rate of air flow (Selle, 1952, p. 25).

Heat loss by convection is dependent on the process of conduction. First,

heat is conducted to the air, and then it is carried away by convective

currents (Guyton, 1976, p. 957). Logically, convective losses rise pro

portionally with air movement (DuBois, 1948, p. 17). Also, convective

transfer is much greater in water than air because of the higher specific

heat of water (DuBois, 1936, p. 58). Unless a body is shielded from air

currents, heat loss through convection can be substantial (Evans, 1974,

p. 2G3). It has been clinically proven that protected from air currents.
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the baby loses only minimal h^at through cbhyieetion (Motil and Blackburn,

1973, p. 636).

Evaporative Heat Loss

Evaporation is a function of the relative htunidity of the air

(Oliver, 1965, p. 766). Every gram of water that evaporates from the

skin absorbs about 0.58 kilocalories of heat from the skin (DuBois, 1948,

p. 17). The average infant is covered at birth by at least 15 grams of

amniotic fluid (Evans, 1974, p. 203). Therefore, about 8.655 calories

of heat are lost as the fluid evaporates from the baby's skin (Evans,

1974, p. 203). During the first 30 minutes of life 19.1 calories/kilo

gram/minute are lost by evaporation (Dahm and James, 1972, p. 511). The

total amount of evaporative loss depends on five factors:

1. the surface area

2. the amount of fluid present
3. the temperature of the skiii
4. the humidity of the air
5. the velocity of air movement (Selle, 1952, p. 27).

Normally, evaporative loss accounts for 10 per cent (Adamsons, 1966, p.

612) to 25 per cent of total heat lost to the environment (Sinclair,

1972, p. 132). Evaporative loss increases substantially in less humid

environments (Sinclair, 1972, p. 144).

In summary, the total amount of energy lost through the four

avenues described above is contingent upon several other environmental

variables: the temperature of the ambient air, its currents, the tem

perature of surrounding radiative surfaces, and the relative humidity

of the air (Motil and Blackburn, 1973, p. 635).
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THEfeMiL GRADIENTS

DuBois states that there is no one body temperature. Instead,

he explains, each part of the body has its own temperature, thereby

setting up a "series of gradients." (DuBois, 1948, p. 33) Heat is dis

sipated along a temperature gradient from the body core to the body

surface, to the surrounding air (Sinclair, 1972, p., 135). This gradient

is established as skin temperature falls, which eventually causes core

temperature to decrease (Keay and Morgan, 1974, p. 67).

Body gradient is divided into two parts: internal and external.

The "internal" gradient consists of that part of the gradient where heat

flows from the core, internal organs of the body, across body tissues,

to the cooler body surface (Heim, 1971, p. 791). The "external" gradient

refers to the difference between skin temperature and environmental tem

perature (Heim, 1971, p. 791).

In 1965, Adamsons, when working with healthy, mature newboms

0 to 6 hours old, found that a temperature gradient of less than 1.5° G.

correlated with minimal oxygen consumption (Adamsons, 1966,. p. 610). The

depth and degree of gradient depends on many factors, but especially the

vasodilatative capacity of the body (DuBois, 1948, p. 31).

THERMOREGULATION IN THE NEWBORN

Body temperature stabilization is a product of elaborate thermo-

regulatory mechanisms. These mechanisms and some related concepts are

discussed below.
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Homotfaermy

Until several years ago, the human infant was considered to be a

temporary poikilotherm. Selle, in 1952, said that small infants, espe

cially prematures, were virtually poikilothermic, as did Silverman in

1958 (Scopes, 1970, p. 32). In 1961, however, Bruck discovered that

homothermic responses were present at birth even in premature infants

(Bruck, 1961, p. 111). This was confirmed in later studies such as those

conducted by Hill and Eahimtulla in 1965, and by Scopes and Ahmed in

1966 (Scopes, 1970, p. 32). To explain the infant's seemingly poikilo-

thermic intolerance to environmental changes, Bruck used the term "lack

of practice" (Ungeubtheit) rather than "immaturity" of the infant's

mechanism (Smith, 1959, p. 217). Parmalee stated that the newborn had

some practice in preparing for the assumption of other new functions, but

none for taking on heat regulation (Parmalee, 1952, p. 113). Vulliamy

re-emphasizes again, however, that the regulatory mechanisms of reflex

vasoconstriction and vasodilatation in the newborn occur from birth

(Vulliamy, 1972, p. 53).

As a homotherm, the newborn attempts to control heat production

and heat loss at a rate that will maintain a constant body temperature.

The baby must do his best in using his available mechanisms to respond

to adverse environmental conditions (Scopes, 1970, p. 32).

Thermal Stability

Adamsons defines thermal stability as being a property of an

object that opposes temperature variation of central body tissues when

heat exchange between the object and its environment is possible. "It is
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primarily a function of body size, surface area, thermal insulation and

the degree by which heat output can be altered." For a certain body

shape, temperature stability increases as body size increases (Adamsons,

1966, p. 600). Thermal stability is diminished in premature and dys-

mature infants (Heim, 1971, p. 800).

In newborns a stable rectal temperature is defined as being

between 37 and 37,5 degrees C. (Evans, 1974, p. 204). Korones states

that body temperature cannot vary over 0.3 per cent and remain stable

(Korones, 1976, p. 64). Guyton adds that the core temperature is con

stant to within ±1 degree F., as mentioned earlier (Guyton, 1976, p.

Normal core temperature usually stabilizes in newborns within

eight hours after birth unless warming procedures are instigated (Parma-

lee, 1952, p. 114; Oliver, 1965, p. 772). Motil and associates found

that in infants placed in a 38 degree C. radiant warmer, over 75 per cent

reached temperature stabilization within approximately two hours. In a

37 degree environment, almost 50 per cent reached temperature stabiliza

tion within the same amount of time-(Motil, and Others, 1974, p. 548).

Lambesis and associates also found that normal infants placed under an

infra-red lamp reached axillary temperatures of 97 degrees within the

first hour of life (Lambesis, and Others, 1976, p. 21).

Neutral Thermal Environment

The fetus lives in an environment which is practically constant

(Parmalee,. 1952, p. 173). Similarly, the aim in regulating a newborn's

environment is to allow as little variation as possible once a neutral

thermal environment is established (Vulliamy, 1972, p. 53). "Neutral
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thermal environment" is defined as that ehvirbnment in which thermal con

ditions allow heat production to equal heat loss (Motil and Blackburn,

1973, p. 35). It is an enviroiunent where the baby maintains a normal

temperature, a minimal metabolic rate, and a constant body temperature

through vasomotor and sudomotor adjustment (Scopes, 1970, p. 32). The

neut^ral environment includes a set of thermal conditions, including air

temperature, and relative htunidity at which heat production, measured as

oxygen consumption, is minimal while "core" temperature remains normal

(Oliver, 1965, p. 766).

For adults, neutral thermal temperature ranges from 26° to 31° C.

(Oliver, 1965, p. 767). Bruck, Oliver, Karlberg and Silverman all agree

that for term, infants, 32° to 34° C. is "neutral air temperature."

(Oliver, 1965, p. 767) The relative humidity of the air is another

factor that influences the neutral environment. Most authors agree that

a relative huiaidity of 50 per cent is necessary to maintain minimal meta

bolic activity (Heim, 1971, p. 790; Marlow, 1973, p. 132; Oliver, 1965,

p. 767; Smith, 1969, p. 653).

Another way of determining neutral thermal environment is by

looking at skin temperature. • Silverman, Sinclair, and Agate, in 1966,

found that the skin temperature of 36° to 36.5° C. was related with a

minimum rate of oxygen consumption. They also found that even minor

deviations to 35° or 37° G. greatly influenced metabolic rate (Scopes,

1970, p. 35). The researchers used a skin temperature reading over the

region of the liver to determine this data (Smith, 1969, p. 648). They

concluded that the measurement of body temperature, using skin tempera

ture readings, is the only convenient way to assess whether the conditions
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of a neutral thermal environmeht are being me is (Silverman and Sinclair,

1966, p. 147).

Thermoregulatory Mechanisms

The newborn infant has two lines of defense against adversely-

cold environments. He can work to prevent heat loss (thermotaxis), and

he can work to produce extra heat (thermogenesis).

The principle ways in which the newborn can prevent added heat

loss to his environment are through his body insulation (Moore, 1972, p.

76), by vasoconstriction, and by changing his posture to decrease ex^josed

surface area (Adamsons, 1966, p. 608). The effect of peripheral vaso--

constriction is to increase the core to skin temperature gradient, to

increase insulation to its highest value (Sinclair, 1972, p. 139).

Asstiming the fetal position helps the newborn decrease his exposed sur

face area (Moore, 1972, p. 76).

The second way a baby can strive to control his thermal regula

tion is through heat production. When en-vironmental temperature falls

below the thermal neutral zone, heat production is stimulated propor

tional to the amount of "cold stress" applied (Sinclair, 1972, p. 139).

As stated earlier in the literature review, deep body is not an essential

stimulus for heat production in a cold environment (Heim, 1971, p. 794).

Instead, heat production is evoked by skin receptor stimulation (Helm,

1971, p. 792), The subepithelial temperature sense organs respond to

absolute temperature rather than the temperature gradient across the

skin (Ganong, 1976, p. 76).

Guyton states that in the human adult, the liver, heart, brain

and most of the endocrine glands produce most of the body heat (Guyton,
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1976, p. 4Q0). For additional lieat productiorij adults rely on the

shivering mechanism (Moore, 1972, p. 76). Therefore, the adult's

skeletal muscles provide the source for additional heat production

(Adamsons, 1966, p. 602).

Little is known about the final control mechanism of temperature

regulation in the newborn (Bruck, 1961, p. 66), though Adamsons states

that probably the same primary sites as in the adult produce the largest

proportion of heat (Adamsons, 1966, p. 602). For increased heat pro

duction in unfavorable climates, newborns rely on both shivering and

nonshivering thermogenesis (Korones, 1976, p. 76). In newboms, muscle

tissue makes up approximately one-fourth of the total body mass (Adam

sons, 1966, p. 602). Therefore, increased metabolic rate substantially

increases heat production. Nonshivering mechanisms are metabolic pro

cesses by which oxygen consumption is increased independent of muscle

activity (Motil and Blackburn, 1973, p. 636). The process by which it

occurs is still not fully understood, though noradrenalin is thought to

play a major role (Oliver, 1965, p. 770). Korones explains that the

extra heat is produced as a by-product of accelerated chemical reactions

that occur at the cellular level when the metabolic rate is increased

due to noradrenaline stimulation (Korones, 1976, p. 66). Nonshivering

thermogenesis is considered to be more effective and economical than

shivering thermogenesis (Heim, 1971, p. 791).

Brown fat is thought to be the primary source of energy for non

shivering thermogenesis (Korones, 1976, p. 66). This type of fat is

characterized by having rich blood vessel and nerve supplies (Adamsons,

1966, p. 603) . In the human infant, it is locaited primarily in the
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interscapular region, axillaei pirineal areasj and around large vessels

in the chest (Adamsons and Towell, 1965, p. 542). It comprises 2 to 6

per cent of the newborn's body weight (Korohes, 1976, p. 67). Smith

suggests that this adipose tissue may serve as a thermogenic buffer for

the newborn by warming blood as it moves centrally from the extremities

(Oliver, 1965, p. 771). Bruck estimated that the maximum increase in

heat output for infants is about 2.5 times that in the resting state

(Sinclair, 1972, p. 139).

FACTORS IMPAIRING REGULATION

There are several factors which impair thermoregulation in the

newborn. One,set of factors involves anatomical properties of the infant

and the other is factors involving phenomena outside of the newborn's

anatomical realm.

Factors Involving Newborn Anatomy

Thermoregulation is impaired in the newborn mainly due to his

unfavorable "surface/volume index," his thin layer of subcutaneous fat,

and his body's high "thermal transition coefficient." (Bruck, 1961, p.

Ill)

The infant's body is less conserving of body heat than the adult's

body largely because of its large surface area relative to total body

weight (Scopes, 1970, p. 39). The body mass of the newborn may be only

about 5 per cent of that of the adult, but the newborn's surface area is

about 15 per cent of the adult's (Motil and Blackburn,,1973, p. 635).

Specifically, a 2 kilogram infant has a total body surface area to body
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weight ratio of 0.78m^/kg, while a 75 kilograia adult has a ratio of only

0.025m^/kg (Evans, 1974, p. 203). The increased curvature of the newbom's

body also aids heat loss to his environment, through conduction and radia

tion (Adamsons, 1966, p. 606).

The neonate's minimal subcutaneous fat as compared to the adult

also contributes to increased heat loss because of reduced insulation of

core body temperature by the skin (Evans, 1974, p. 203). This decreased

thickness of subcutaneous fat results in a higher thermal conductance of

heat from the interior of the body to the skin (Adamsons, 1966, p. 606).

As explained, thermal conductivity describes the difference between the

core and skin temperatures. It is a function of the factors discussed

above, including the surface area/body mass ratio, and insulation of the

body tissues, plus a third factor of vasomotor control (Oliver, 1965, p.

766).

Bruck estimates that because of these factors, heat loss in the

newborn per unit of body mass-is about four times that of the adult

(Bruck, 1961, p. 111). Adamsons agrees that the smaller the body size

and thermal insulation, the narrower will be the range of environmental

temperatures in which the baby can maintain thermoregulation (Adamsons,

1966, p. 601).

Factors Other Than Newborn Anatomy

Three main factors apart from those already mentioned can also

affect the thermal stability of the newborn. These factors include acute

hjrpoxia, drugs administered to the mother during labor or delivery, and

maternal nutritional state (Adamsons, 1966, p. 614).
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Animal studies first done in the late 1950's suggested that acute

hypoxia interfered with the normal metabolic response to cold in the

newborn (Adamsons, 1966, p. 614). In contrast, it was found that chronic

hypoxia, and, thus, low PO2 levels had no effect on thermoregulation

(Adamsons, 1966, p. 615). In 1958, Bumard and Cross established that

birth asphjrxia does interfere substantially in human newboms. Twice as

much heat was lost to the environment in the immediate postnatal period

in the asphyxiated group as was lost in the control group (Adamsons,

1966, p. 615). Clinical evidence to support this claim is that in babies

suffering from hyaline membrane disease, metabolic response to cold is

severely limited (Korones, 1976, p. 67). Adamsons continued to say that

not only does asphyxia decrease heat production, it also decreases heat

loss through peripheral vasodilatation (Adamsons and Towell, 1965, p.

811). Therefore, h3rpoxia in a thermoneutral environment does not affect

temperature regulation, but few infants are in a thermoneutral environment

at birth. In newborn rabbits, heat production through use of brown adi

pose tissue was especially affected by hypoxia (Heim, 1971, p. 811).

Drugs given to a mother during labor and delivery may directly or

indireetly affect the thermoregulatory ability of the newborn. Any

placentally transmitted drug which stimulates cutaneous vasodilatation

in the newborn will result in a drop in the infant's body temperature due

to factors explained earlier (Motil and Blackburn, 1973, p. 635). Adam

sons reviewed the effects of drugs on the newborn's regulatory mechanisms

and determined that the following t37pes of drugs have an adverse effect:

hypnotics, analgesics, antipyretics, anesthetics, neuromuscular and auto

matic blocking agents (Adamsons, 1966, p. 615)., Vasodilators, antihyper-
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tensive agents, and hormones have the same effects (Adamsons and Towell,

1963, p. 545). Helm suggests that drugs interfere with thermogenesis

either in the central control system or in peripheral control mechanisms

(Heim, 1971, p. 795). Drugs can change the body's perception of thermal

conditions and may affect the hypothalmic interpretation of the environ

ment (Adamsons and Towell, 1965, p. 545). Specific examples of the

adverse effects of drugs on newborn thermal control include Key's dis-
I

cussion on diazepam decreasing the normal cold response (Hey, 1975, p.

73), and Adamsons' account of how reserpine affects the heat dissipation

controls of the neonate rather than the heat production controls (Adam

sons, 1966, p. 615). Burnard and Cross studied the effects of meperi-

dine given to mothers in labor and found that the 64 babies resulting

from labor when meperidine was given had temperatures .8° to 1.0" C. lower

than the 53 babies in the control group. The temperatures of the babies

in the meperidine group were still affected 20 hours after birth (Adamsons

and Towell, 1965, p. 545).

A poor maternal nutritional state affects thermoregulation in the

newborn in two ways. First, the central nervous system thermal control

center is affected, and second, peripheral thermogenesis is affected by

decreased substrate available as a source of heat production (Heim, 1971,

p. 816). Besides the reduction in subcutaneous fat layers, hypoglycemia

can occur due to poor maternal nutrition. This can add to the decreased

output of thermal energy and the loss of body heat due to the greater

conductivity of superficial tissues (Adamsons and Towell, 1965, p. 544).

Other, less frequent factors that impair metabolic response of
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the newborn to cold include ititrhcranial hfetadtfhage, severe cerebral

malfoirmations (Korones, 1976, p, 67) , and hypotension (Adamsons, 1966,

p. 614).

THEEMAL ENVIRONMENT AT BIRTH

At delivery, the deep body "core" temperature of the newborn is

about 0.5° C. and skin temperature is about 2.5° C. higher than the

mother's "core" temperature (Adamsons, 1966, p. 605). Suddenly, the

baby is brought into a delivery room, cooled to suit the gowned delivery

team. The newborn's capacity for heat production is quickly overtaken

by liability to heat loss of "cold stress." (Keay and Morgan, 1974, p.

67) In the initial minutes following parturition, the rate of fall in

body temperature of the newborn is dramatic. Adamsons explains that the

rate of fall of deep body temperature and skin temperature is about 0.1°

C/minute and 0.3° C/minute respectively. She states that this represents

a heat loss of 200 calories/kilogram/minute assumng that 50 per cent of

the newborn's body mass is at deep body temperature and the rest is at

skin temperature (Adamsons and Towell, 1965, p. 531).

Some authorities have suggested that the "cold stress" experienced

at birth is an essential element in the stimulation of the newborn's

regulatory mechanisms. Scopes states that it is obvious from looking at

animal studies that one of the stimuli to respiration is cold air on the

newborn's face (Scopesj 1970, p. 46). Mestyan and coworkers found that

changes in facial temperature alone are sufficient to modify total body

oxygen consumption (Adamsons, 1966, p. 611). Dahm and James investigated

this problem in response to Karlberg's findings that human infants
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delivered by Cesarean section dM inmediatilf- placed in a warm bath may

cease to breathe (Dahm and James, 1972, p, 504). They concluded that

the reduction of cold stress by placing the newborn under a radiant

heater immediately after birth did not "impede or delay" the onset of

breathing (Dahm and James, 1972, p. 512).

STANDARD WAEMING TECHNIQUES

The thermal environment of the infant is affected by air temper

ature, temperature of radiative and conductive surfaces, relative humi-

I

dity, and rate of air flow (Scopes, 1970, p. 44). Thermal care of the

infant after birth involves helping his homothermic mechanisms cope by

decreasing avenues of heat loss. The basic means of preventing heat loss

to the environment include drying the baby, clothing him, and placing

him in a controlled thermal environment (Keay and Morgan, 1974, p. 440).

Drying and Clothing the Newborn

Dahm and James found that merely drying infants in the delivery

room reduced heat loss by 19.1 calories/kilogram/minute. They also found

that wrapping the babies in blankets decreased heat loss from radiation

and convection by 42.4 calories/kilogram/Hiinute (Dahm and James, 1972,

p. 511). Sinclair adds that the addition of clothing provides enough in

creased insulation to permit a newborn to withstand significantly lower

environmental temperatures (Sinclair, 1972, p. 138). Scopes states that

the clothed baby in a regular cot is safer thermally than the naked baby

in a controlled-environEffint incubator (Scopes, 1970, p. 46). Vulliamy

stresses that unnecessary exposure must be avoided at all costs (Vulliamy,
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1972, p. 53). Baxim includes the importance of using a head covering to

decrease convective heat loss (Baum, 1968, p. 32). This is based on the

fact that the head constitutes between 9 hrid 18 per cent of the newborn's

total body surface (Miller, 1971, p. 47).

Controlled Thermal Environment

Because of the adverse environmental conditions present at birth,

Evans suggests that the newborn infant be placed in a controlled thermal

environment within one minute after delivery (Evans, 1974, p. 204). Baum

states that an environment geared at controlling heat loss consists of

warm circulating air at high humidity, where the infant is surrounded by

materials with poor conductive and radiative properties (Baum, 1968, p.

32). Evans suggests that the ideal environment consists of a servocon-

trolled radiant heater with an isothermic (37.5® C.) circulating water

mattress (Evans, 1974, p. 205). Other sug|estions for decreased radiative

heat loss include using a transparent perspex heat shield (Scopes, 1970,

p. 34), or a plastic (Miller, 1971, p. 47) or aluminum foil swaddler

(Keay and Morgan, 1974, p. 440). Heated environments are provided with

overhead heaters, incubators (Marlow, 1973, p. 133), heated mattresses,

and other devices using servocontrol mechanisms (Keay and Morgan, 1974,

p. 440). Evans insists that only overhead radiant heaters provide a

neutral thermal environment while also permitting complete access to in

fants, who may need resuscitation (Evmis, 1974, p. 207).

In 1900, Budin recommended warm baths at 37® G. to rewarm babies

experiencing cold stress at birth (Dawes, 1974, p. 55). Today, there is

uncertainty as to whether the warm bath is safe for use soon after



29

delivery. Vulliamy suggests that the first bath is probably best given

right after the umbilical cord is cut (VulliaBty, 1972, p. 55). As

stated in the first chapter, warm water baths are also being given as

a part of the "gentle birth" technique proposed by Dr. LeBoyer. DuBois

has stated that between 36® and 37° C,, at 100 per cent humidity, there

is no body heat loss (DuBois, 1936, p. 61). Motil and Blackburn insist

that the practice of bathing the infant in the delivery room is to be

discouraged (Motil and Blackburn, 1973, p. 637).

RELATED STUDIES

Several studies found in the review of literature had specific

parallels to this research. Each study compared the effects of different

environments on body temperature in the newborn. Although these studies

did not exactly parallel the author's study, knowledge about methodology

and analysis of data could be derived from them. Five such studies are

summarized below.

Dahm and James conducted a study in 1972 at Colui]^ia University.

They undertook to determine whether initial heat loss to a neonate's

environment was primarily through evaporation, and whether the estab

lishment of breathing would be hampered by reduction of cold stress at

birth. They used five environmental conditions, having ten subjects

assigned to each. The groups were divided according to the following

criteria:

Group 1—infants undried, placed on dry sheet at room
temperature

Group 2-—infants dried, placed on dry sheet at room
temperature
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Group 3—infants dried, linrapped in watmed blanket with
only small amount of face exposed

Group 4—infants undried, placed on warmed sheet imder
radiant heater

Group 5-—infants dried, p3-aeed on warmed sheet under
radiant heater

Skin tenq>erature was maintained under the radiant heater at 37" C. Ab

dominal skin temperatures and rectal temperattires were taken at birth

and every five minutes afterwards for thirty minutes. Factors analyzed

included the relationship between the amount of analgesia used and body

temperatures, and a comparison of group temperatures according to body

weight. They also compared the mean body temperatures and amount of

variability of the group temperatures. Maternal temperature was recorded

for each subject, as well as weight at birth, and gestational age. The

results of this study have been reported in previous sections of the

literature review.

At the Ohio State University College of Ifedicine, Mller and

Oliver, in 1966, also compared different post-delivery environments and

their effects on newborn temperature. They used 37 healthy, term infants

divided into three groups. The first group received routine delivery

care plus a bath upon admission to the nursery. The second group received

only routine delivery care. The third group received prompt drying and

placement in incubators with air temperatures between 32" and 33° C. Rec

tal and skin temperatures were taken at birth and every five minutes for

the first hour, followed by every 15 minutes for the next seven hours.

Factors measured in their investigation included the air temperatures and

relative humidity of the delivery room and. nursery. Babies' weight, ges

tational age, and Apgar scores were also recorded. They found that the
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babies who were dried and placed in the inenbator reached normal core

temperature within three hours, and had higher temperatures than babies

in the other groups. The babies who were bathed in the nursery showed

the greatest temperature drop.

In 1974, Motil, Blackburn and Pleasure conducted a study at the

Medical College of Pennsylvania, in which the effects of four different

radiant warmer temperature settings were compared. Forty-two normal,

term infants were used in the study. They were grouped according to

their deep rectal temperature upon admission to the study, than randomly

assigned to one of the four temperature groups; 35°, 36°, 37°, and 38° C.

Rectal temperature, skin temperature, heart rate, respiratory rate, and

activity were recorded at ten-minute intervals for four hours. Factors

included in data recording included gestational age, weight and Apgar

scores for each subject. Mean rectal temperatures were compared for each

group at 20-minute intervals. Analysis of the data included the mean,

standard deviation, and significance of trend for each group. The study

concluded that the 38° C. group achieved normal rectal temperatures

sooner than the other groups, without evidence of ill effects.

Hey and O'Connell conducted a study in 1970 at the London Hospital

Medical College. In their study, 42 clothed babies were placed under

varied environmental conditions to determine the effect on oxygen con

sumption and heat balance. Both premature and full-term babies were used.

Each baby was studied in six different temperature environments over a

period of two days. Measurements were obtained for 20 minutes at each

different temperature. Air speed and humidity of each environment were
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observed and recorded. The results stated, that clothing substantially

increased the total insulation and minimized the effect of fluctuations

in environmental temperatrues on heat loss.

Lastly, in 1975, L^besis and associates conducted an unpublished

Study at the University of Illinois Medical Center. An experimental

approach was used in studying two groups of eight normal, term babies.

The control group babies remained under the infra-red lamp until axillary

temperature of at least 97° F. was reached, then they were dressed and

covered and placed in a plastic bassinet. The babies in the experi

mental group were placed under the infra-red lamp only while being

admitted to the nursery. Once admitted, they were dressed and were given

continuous close body Gontact by being held in the researcher's arms,

against the body, for the remainder of the study period. Axillairy tem

perature recordings were taken at the time of admission into the study,

and every 30 minutes for four hours. Gestational age, weight of the

baby, Apgar scores and length of labor were among the factors measured

and recorded. Stable temperature was defined as 97° F. axillary measure

ment. The results of the study showed no significant difference between

the mean body temperatures of the two groups during the timed experiment,

though the experimental group showed less variation in temperature read

ings.

summa:ry

Authors agree that there is no one set point defined as "normal"

body temperature, though specific measurements have been proposed for

practical application. Three different methods are used to measure body
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temperature in the newborn, each with its advantages and disadvantages.

Authors disagree as to the most appropriate form of temperature measure

ment for newboms. The infant loses heat by four avenues through thermal

gradients of his body. He strives to stabilize his body temperature and

limits have been defined for an environment that would facilitate this

task. However, certain factors impair thermal stabilization in the neo-

nate. Several different methods are being used to extemally help the

infant maintain a stable body temperature and studies have been done to

compare some of these methods.



Chapter 3

METHOD OF APPROACH AND DATA COLLECTION

METHODOLOGY

A comparative, quasi-experimental approach was used for this study.

The research incorporated independent group design, involving two parallel

groups, matched according to the characteristics considered essential for

this study. Temperature readings were collected for each group for

Static-group comparison and analysis. The radiant warmer infants com

prised the non-randomized control group.

According,to Fox, the experimental approach involves a new method

or technique and a basis for evaluating its effectiveness. The experi

ment is designed so that any differences between the groups involved can

be directly attributed to the independent variable (Fox, 1976, p. 195).

This implies total control or elimination of any extraneous variables.

The quasi-experimental approach includes the same principles as

the experimental approach, but differs in its ability to control extra

neous variables. All feasible variables are controlled and variables

that cannot be manipulated are listed as limitations of the study (Camp

bell and Stanley, 1966, p. 34). Independent groups design involves two

groups of subjects, one being the control group. Two groups are said to

be parallel when their essential characteristics are matched (Campbell

and Stanley, 1966, p. 6).

Static-group comparison involves two groups of subjects. One

group's treatment is manipulated, causing it to become the experimental

34
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group. The other group reGeives routine treatineut; thus, it is the con

trol group. Followihg the experimental manipulation, the two groups are

compared and their differences are evaluated (Campbell and Stanley, 1966,

p. 12),

Development of the Research Tools

Demographic data chart. As mentioned, certain characteristics

were identified through literature review as having definitive effects on

thermal regulation in the newborn. Characteristics concerning the demo

graphic data, including sex, duration of labor, gestational age, mother's

temperature, certain delivery information, weight, length, surface area,

five-minute Apgar score, and time interval between birth and warming were

recorded for each subject on the Demographic Data charts (Appendix I).

Surface area was computed using a nomogram for estimating surface area

(Appendix H) (Brunner and Suddarth, 1974, p. 1428).

Data collection form. The researcher developed the data collec

tion form (Appendix E) to facilitate accurate data collection and com

pilation. The information recorded on the form included demographic

data, controlled variable data, time interval between birth and warming,

and a record of the subject's axillary temperature readings at 15-mlnute

intervals.

Setting of the Study

The facilities of the labor and delivery unit at a selected uni

versity medical center were used for the collection of data. The univer

sity medical center was a 516-bed facility serving the Southern California
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area. Permission was obtained froia both medieal and nursing personnel

involved in the research area before data collection began (see Appen

dices A and B).

eriterion for Selection of Subjects

The subjects of this study were selected according to criteria

defining normal, term neonates. Factors involving the labor and delivery

process, as well as demographic characteristics of the mother were ac

counted for in this definition.

Normal newboms are bom from uncomplicated labor and delivery.

Therefore, only babies born in the vertex position by either spontaneous

or low-forceps delivery were accepted for this study (Nelson, 1975, p.

328). Also, labor lasting less than three hours or more than 24 hours

was considered abnormal, and these babies were not accepted as subjects

(Oxom and Foote, 1975, p. 101). Duration of labor was based on the

patient's account of when regular, contractions began. Babies born of

diabetic or toxemic mothers were also not. considered in the study (Nelson,

1975, p. 337).

Normal labor and delivery may involve the administration of cer

tain drugs for pain management. The medications considered acceptable

for use during labor included narcotics, tranquilizers, antiemetics, and

regional anesthesias. Dosage for these drugs was not regulated, based

on the assumption that any dosage large enough to depress the infant would

exclude the infant from the study due to the Apgar rating criteria men

tioned later in this section. Babies born of mothers receiving oxytocins,

general anesthesia, or any other drugs not given during normal labor and

delivery were excluded from the study (Fitzpatrick, 1971, p. 228).
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The mother's tettperatiire is an indhis df the fetus' thermal situa

tion. Specifically, the body temperature of the fetus has generally been

found to be 0.5° C. higher than that, of the fiiother (Helm, 1971, p. 792).

Thus, by observing the mother's temperature. Infants with abnormally high

or low temperatures could be eliminated from the study. Each mother's

temperature was taken orally within two hours before delivery. A range

of 97 to 99 maternal oral temperature was accepted as normal (Guyton,

1976, p. 955).

Another factor defining "normal" newboms was a flve-mlnute Apgar

score of 7 or more, since a 7 to 10 score Indicates a healthy, non-

stressed Infant (Korones, 1976, p. 53). Criteria for selection of sub

jects also Specified no visible anomalies of the baby, based on the

obstetrician's examination of the baby at birth.

Term newboms were defined as being between 37 and 41 weeks old

by gestatlonal age (Cook, 1973, p. 64). Gestatlonal age was determined

by EDC dates and b-scans, if done, during the prenatal period. Babies

accepted for the stndy also weighed between 5.5 and 10 pounds, since

these are considered to be the parameters for normal newborn weight

(Nelson, 1975, p. 19). Age and weight criteria were included since

thermal stability is diminished In premature and dysmature infants

(Marlow, 1973, p. 112; Helm, 1971, p. 800).

Method of Obtaining Consent

Each obstetrician at Loma Linda University Medical Center was

asked prior to any data collection whether he would allow his patients

to participate in the study. Once his approval was obtained, each of
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his patients was approaehed eithei- in the clinic during prenatal ap

pointments, or when they were admitted into the labor and delivery unit.

Medi-Gal and clinic patients ware also approaehed to be in the study.

During this encomter, a thorough explanation of the study was given to

each woman, through use of the "Information for the Parent" handout

(Appendix G). Women agreeing to be in the study signed a consent form

(Appendix F), knowing that they could drop out of the study at any time

they wished.

For those women seen in the clinic, a list of the names of con

senting women was given to the labor and delivery personnel, along with

a note requesting to be notified when these women, were admitted in labor.

All other subjects were obtained through the researcher's placement of a

note on the labor and delivery blackboard requesting to be called when

ever any patient meeting the study criteria was admitted to the labor

and delivery unit.

After each woman was admitted to labor and delivery, the

researcher verified the woman's intent to be in the study, and placed

the baby into one of the two study groups as specified by the parent(s).

DATA COLLECTION

Two groups of normal infants, as defined under the criteria for

selection, were used in this study. After placement in one of the two

groups, the subjects were treated as described below.

Each subject in the water bath group was placed in a 99 degree
\

water bath as soon as the uaibilical cord was clamped and cut. The baby

remained in the bath for exactly 10 minutes, then was dried off, weighed,
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measured for length, wrapped in warmed, blankets^ and given to the mother

to hold.

Each subject in the second group was dried off and placed under

the radiant warmer after the tjmbilical cord was clajaped and cut. The

baby remained xinder the heater for exactly 10 minutes, then was weighed,

measured for length, wrapped in a warmed blanket and given to the mother

to hold.

Both groups of babies remained with their parent(s) in the

recovery area for the remainder of the two-hour study period. During

this time, the baby was not unwrapped and remained in constant close body

contact with either the parent or researcher. Axillary temperature

readings were recorded for each subject at 15-minute intervals, begin

ning 15 minutes afterbirth. The readings were obtained by the use of a

mercury thermometer left in place for three minutes (Van Pujnnbrouck, 1961,

p. 56).

The researcher endeavored to maintain control over certain vari

ables by personally controlling the water bath temperature and the

radiant warmer setting, and by placing the babies in the bath, to insure

consistency of body surface below the water. She also helped control body

heat loss by having the parent(s) refrain from unwrapping their babies in

the recovery area. Maintenance of constant body contact during the re

covery period also helped to equalize exposure to radiant body heat.

Tight controls were not plaeed on certain factors due to the pur

pose of the study. For instance, to experimentally compare the effects

of the radiant heater to those of the water bath, the water would have to

be monitored and kept at a constant temperature-, as is the air under the
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radiant heater. However, since in practice the water bath is not con

stantly warmed, the researcher did not include this control in the study.

Thus, the true effect of the water bath as it is currently being used

could be clinically evaluated. Also, the "exactness" of body tempera

ture reading was not necessary. Instead, a convenient method of tempera

ture measurement was used in order to compare the readings of the two

methods. That is why axillary temperature, rather than a more precise

reading such as mean body temperature, was used for data gathering pur

poses.

TREATMENT OF THE DATA

A general linear model was used for the statistical analysis of

co-variance of the data. This model was chosen over the use of the "t"

test in order to compare the temperature stabilization times and the two-

hour temperatures of the two groups after adjusting for extraneous

variable influence (Dixon, 1969, p. 543).

PILOT STUDY

A pilot study was conducted, using two subjects for each of the

groups, in order to judge the feasibility of the methodology. Several

small changes in methodology resulted due to this trial application.

First, a 15-minute warming period was found to be too long, and a 10-min-

ute period was substituted. Second, a random assignment to the study

groups proved unsatisfactory to the four parents in the pilot study.

Therefore, the randomness of the grouping was discontinued, based on the



41

assumption that the parents' choice of groups could in no way affect the

infant's temperature readings. The third change in methodology develop^

ing from the pilot study dealt with the temperature readings. Obtaining

an initial temperature reading at birth proved to be impractical. There-^

fore, the first temperature recording was taken at 15 minutes after birth.



Chapter 4

PRESENTATION, ANALYSIS, AND INTERPRETATION OF DATA

The purpose of this study was to compare the effects of the warm

water hath and the radiant heater on axillary temperature readings in

normal newhorns. This comparison was based on eight temperature record^

ings for each of 30 subjects, taken at 15-minute intervals for two hours

after birth.

PRESENTATION OF DATA

Thirty normal newborns were involved in this study. They were

divided equally between the two study groups.

Sex

Thirteen males and 17 females participated in this study. The

water bath (WB) group contained eight males and seven females, while the

radiant heater (RH) group contained five males and ten females.

/

Duration of Labor

The criteria established for this study regarding duration of

labor included labor lasting between 3 and 24 hours. The actual range

shown by subjects in the study extended from 3 to 19 hours. The WB group

ranged from 3 to 14 hours, with a mean labor duration of 8.73 hours.

The RH group subjects showed a slightly longer labor ranging from 4 to

19 hours, with 8.95 hours as its average.

42
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Gestational Age

A gestational age of 37 to 41 weeks was defined for this study.

Babies in the study ranged from 37 to 41 weeks. Mean gestational age

for the entire sample was determined to be 39.4:weeks. The RH group dis

played a gestational age .8 weeks longer than the WB group (Table 1).

Mateihial Temperature

As stated earlier, the mother's temperature is considered an

index of the fetus' thermal sitxiation, and thus, of the newborn's tem

perature. A range of 97 to 99 oral temperatures was accepted as normal

for maternal temperature (MT).. The mean MT taken within two hours before

birth for both groups combined was 98.1 degrees. The mean MT's of the

two study groups varied only .2 degrees, with the RH group having the

higher average reading (Table 2).

Pncofflplicated Labor and Delivery

The subjects in this study were all delivered in the vertex posi

tion. Twenty-one of the subjects were bom spontaneously. Eleven of

these were WB babies, and 10 were subjects of the RH group. Four of the

WB babies and five of the RH babies were delivered by low' forceps extrac

tion.

All mothers of the subjects received local, pudendal, or epidural

anesthesia for delivery. Seven WB mothers and eight RH mothers were

given local anesthesia. Two WB mothers and two RH mothers received puden

dal anesthesia and epidural anesthesia was given to six WB mothers and

five RH mothers.
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Table 1

Distribution of Subjects by Gestational Age
and by Study Group

Gestational

Age ^WB BH Total

37 weeks 1 0 1

38 weeks 5 4 9

39 weeks 3 0 3

40 xjeeks 5 6 11

41 weeks 1 5 6

mean 39 39.8 39.4

Table 2

Distribution of Subjects by Maternal Temperature
and by Study Group

MT Range m RH Total

97.0-97.4 5 3 8

97.5-97.9 0 3 3

98.0-98.4 4 3 7

98.5-99.0 6 6 12

mean 98.0 98.2 98.1
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Weight, Length and Surface Area/Weight

The weight of a "nonnal" newborn was defined as being between

5.5 pounds and 10 pounds. Babies In this study ranged between 6.25

pounds and 8.75 pounds. The mean weight for the entire study population

was 7.69 pounds. The WB group mean weight was .31 pounds more than the

mean weight for the RH group.

The subjects ranged between 18.75 and 22.25 Inches long. Mean

length for both groups combined was 20 Inches.

Surface area was determined for each subject using a nomogram

(Appendix H). Simple surface area measurements were not used for analysis

because the literature emphasized the Importance of the surface area per

weight ratio (Sa/Wt). Therefore, the Sa/Wt ratio was computed for each

subject In the study. The mean ratio for each group, as well as for the

entire population of the study, was .028 square meters per pound of body

weight (see Appendix I) (Table 3).

Apgar Scores

o  A fIve-^mlnute Apgar of 7 or more was used as another criteria for

defining a "normal" newborn. The two groups were fairly evenly matched

for five—minute Apgar scores. One RH baby had an Apgar score of 8.

Twelve RH babies and 13 WB babies rated a 9 at five minutes. Scores of

10 were given to two WB babies and two RH babies. The mean flve-mlnute

Apgar score for the WB group was 9.13, as compared to a 9.06 for the RH

group.

Time Interval Between Birth and Warming

The time each Infant was bom was recorded, as well as the
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Table 3

Distribution, of Subjects by Surface Area per
Pound and by Study Group

Surface Area Per

Pound of Body Weight
(Square Meters) WB RH Total

.026 2 1 3

.027 2 6

.028 4 5 9

.029 7 2 9

.030 0 3 3

mean .028 .028 .028
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at which warming began. The interval of time between these two record

ings constituted the time interval (TI) between birth and warming. The

TI for this study ranged from.l to 6 minutes, with a mean TI for the

entire study population of 2.86 minutes (rounded to 3 minutes for ana

lytical purposes). The RH group had a mean TI of 1.47 minutes less than

the mean WB group TI (Table 4).

Temperature

Axillary temperature readings were recorded for each subject at

15-minute intervals for two hours after birth (see Appendix J). From

this information, it was observed that the initial temperature readings

for all subjects ranged from 96 to 99.2 degrees, and final (2-hour) tem

peratures ranged from 97.6 to 99.6 degrees. Mean 2-hour temperature for

all subjects was 98.85, used for analysis as 98.9 degrees. The WB group

displayed higher initial and final mean temperatures than the RH group.

However, of the two groups, the RH group showed a .93 degree larger in

crease in temperature between its mean initial and 2-hour temperatures

(Table 5) .

ANALYSIS AND INTERPRETATION

The three variables of maternal temperature, surface area per

weight ratio and time interval were recognized as the main criteria which

could be expected to affect the infant's temperature. In this study,

these criteria were recognized as extraneous variables, and were recorded

for each subject.

The data compiled for this study was analyzed for the purpose of
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Table 4

Distribution of Subjects by Time
Interval and by Study Group

Time Interval WB SH Total

1 minute 0 8 8

2 minutes 3 1 4

3 minutes 5 3 8

4 minutes 4 2 6

5 minutes 1 1 2

6 minutes 2 0 2

mean 3.6 2.13 2.86

Table 5

Distribution of Subjects by Infant Temperatures
and by Study Group

Initial Temperature Final Temperature

Range Mean Range Mean

WB 97;4-99.2 98.2 WB 97.8-99.6 98.88

RH 96.0-98.6 97.2 RH 97.6-99.6 98.81

Both 96.0-99.2 97.7 Both 97.6-99.6 98.85
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comparing the effect of the RH and WB environments on the newborn's body

temperature. Two stated hypotheses provided the basis on which the

data could be evaluated. In the analysis of factoral influence on in

fant temperature, it was considered important to include an analysis of

correlation of the other variables mentioned above, in addition to the

WB versus RH comparison.

Hypothesis I—Primary Analysis

The first hypothesis for this study was; There will be no signi

ficant difference (p=0.05) between the amount of time passing before

temperature stabilization occurs in the two groups. Temperature stabili

zation was defined as three consecutive readings of 98 degrees or more,

with the first of such readings determining the time stabilization

occurred. According to these criteria, the time interval at which stabi

lization occurred for each subject was recorded and tallied. The mean,

median, standard deviation, and average deviation for stabilizing time

(for those subjects that stabilized within the study period) were derived

for each group (Tables 6 and 7). Two WB and three RH subjects did not

stabilize within the 2-hour study period.

In order to analyze the true relationship between the design

variables (the two study groiips, WB and RH) and the dependent variable

(TST) without extraneous variable influence, it was necessary to use a

general linear model of analysis of covariance. For this test, an "F"

value >4.24 represented significance at the 0.05 level, and an "F" value

<7.77 was significant at the .001 level. Table 8 shows the "F" value for

this analysis. This value demonstrated that the water bath group had a



Table 6

Distribution of Subjects by Temperature
Stabilization Time and by Study Group

50

Group Time Stabilization Occurred (Minutes)

15 30 45 60 75 90 105 120
>2

hours

WB 8 0 5  0 0 0  0 0 2

RH 3 2 3  2 2 0  0 0 3

Table 7

Temperature Stabilization Time Criteria

for the Two Study Groups

Mean

Time

Median

Time
SD AD

WB 26.5 15 15.19 11.53

RH 42.5 45 22.00 17.50

Total 34.2 30 ——

Table 8

Statistical Analysis—Analysis of Vairiance
(F Test)

Study Groups Comparison F Value L.S.

WB and RH

TST

2HT

9.25

5.55

.001

0.05
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significantly shorter TST (p=.dOi). Therefdrii the first hj^othesis was

rej ected.

In addition to looking at the amount of time needed for each sub

ject and group to stabilize, it was interesting to note how many subjects

in each group, and what percentage, stabilized within the 2-hour period

(Table 9, Figure 1).

Hypothesis I—Secondary Analysis

To be sure that the difference in stabilization times between the

two groups was due solely to the variable of the warming environment, it

was necessary to look at the amount of correlation between other variables

and time taken to stabilize. If a correlation was found, it was then nec

essary to determine whether the variable identified with the correlation

was equally distributed between the WB and RH groups, to rule out the

possibility of this extraneous variable affecting the preceding analysis.

Maternal temperature. The review of literature revealed that the

higher the maternal temperature (MT), the higher the infant's temperature

would be. An analysis of correlation between MT and TST for this study

showed an 80 per cent correlation between a more-than-average MT and early

TST (Table 10). This inversely proporational relationship was also seen

at each individual level of MT (Table 11). Figure 2 illustrates this

relationship. An analysis of partial correlation established the signi

ficance of this relationship at the p=0.05 level (Table 12).

Based on these analyses it could be said that the amount of time

it takes for the infant's temperature to stabilize is inversely propor

tional to maternal temperature.



52

Table 9

Number and Per Gent of Subjects at Stabilized Temperature
at 15~Minute Intervals After Birth

Water Bath Radiant Heater

Number Per: Cent Number Per Cent

15 8 53 3 20

30 8 53 5 33

45 13 87 8 53

60 13 87 10 67

75 13 87 12 80

90 13 87 12 80

105 13 87 12 80

120 13 87 12 80
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Table 10

Correlation Between Maternal Temperature
and Temperature Stabilization Time

TST

+ ■  -

+ 5 (17%) 13 (43%)

MT - 11 (37%) 0 (0%)

o 1 (3%) 0 (0%)

+ = more than average
- = less than average
o = average

Table 11

Correlation Between Each Level of Maternal Temperature
and Temperature Stabilization Time

Maternal Temperatures

97.0-97.4 97.5-97.9 98.0-98.5 98.6-99.0

TST

- 0 0 6 7

-i- 8 3 3 3

Total

# 8 3 9 10

% + 100% 100% 33% 30%

= Percent of subj ects with more than average% + TST
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Table 12

Gorrelations of Covariants

Dependent

Variable Covariant F Value L.S.

MT 7.33 0.05

TST Sa/Wt ratio 0.82 —

TI 6.83 0.05

MT 14.77 .001

2HT Sa/Wt ratio 0.08 —

TI 11.33 .001
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When compared to average iff (98.1 degrees), the WB and RH groups

had basically the same number of subjects with greater than average

readings and less than average readings (Table 13). The WB mean iff was

98 degrees, as compared to the KH group average iff of 98.2 degrees

(Table 2). Based on these comparisons, the WB and RH groups seemed to be

well matched as far as MT was concerned. Therefore, even though there

was a large correlation between MT and TST, this factor should not have

affected the results of the comparison analysis done involving the first

hypothesis.

Surface area per weight ratio. The literature also suggested

that Sa/Wt ratio and TST should be directly proporational, i.e., the

infant with a large Sa/Wt ratio will take longer to stabilize. An

analysis comparing data of TST and Sa/Wt ratio showed only a 30 per cent

correlation between early TST and low Sa/Wt ratio, and thus, did not

substantiate literature findings (Table 14). Because of the lack of

correlation displayed between the two factors, the Sa/Wt ratio could not

be considered to have had an effect on the analysis involving the first

hypothesis.

Time interval. Much of the literature reviewed stated that the

newborn infant loses a large amount of body heat at birth and should be

placed in a warmed environment as quickly as possible. The relationship

between the TI between birth and warming, and TST should be directly

proportional, i.e., the more quickly the infant is placed in a warm

environment, the sooner his temperature should stabilize. The data
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Table 13

Group Maternal Temperatures Compared
to Mean Maternal Temperature

Water

Bath Group
Radiant

Heater Group

< mean MT

> mean MT

mean MT

5

10

0

6

8

1

Table 14

Correlation Between Sa/¥t Ratio and
Temperature Stabilization Time

TST

+ -

+ 6 (20%) 6 (20%)

Sa/Wt - 6 (20%) 3 (10%)

o 5 (17%) 4 (13%)

+ = more than average
- = less than average
o = average
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gathered in this study did not ajspear to support the statement of direct

correlation. There was only a 3 per cent difference in TST between sub

jects with a less than average TI and those with a greater than average

TI (Table 15). However, an analysis of partial correlation revealed that

a direct relationship does exist between the two variables at the p=0.05

level of significance (Table 12).

Based on this analysis it could be stated that; The amount of

time it takes for the infant's temperature to stabilize is directly pro

portional to the time interval between birth and warming.

When compared to average TI of three minutes, the WB and BH

seemed to be fairly well matched (Table 16). This matching was not indi

cative of the true relationship between the TI's of the two groups, how

ever. The mean TI of the RH group was substantially shorter than the

mean TI of the WB group. This was reflected in the mean TI's for the

two groups: 3.6 minutes for the WB group and 2.13 minutes for the RH

group (Table 4). Because of this discrepancy and the correlation shown

between TI and TST, the analysis involving the first hypothesis could

have been affected. However, since a significant difference was found

between the two groups' TST, the influence of the TI discrepancy could

not change the analysis of the first hypothesis.

Combined factors. One final analysis incorporating all of these

extraneous variables was done to determine any relationship between the

correlational powers of the separate factors when they were combined. By

doing this, the factor exhibiting the strongest influence on the TST

could be identified and rules could be made concerning the relationships

of factoral strength (Appendix K).
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Table 15

Correlation Between Time Interval and

Temperature Stabilization Time

TST

+ -

+ 6 (20%) 5 (17%)

TI - 7  (23%) 5 (17%)

o 4 (13%) 3 (10%)

+ = more than average
- = less than average
o = average

Table 16

Group Time Interval Compared
to Mean Time Interval

Water Radiant

Bath Group Heater Group

< mean TI 3 9

> mean TI 7 3

mean TI 5 3
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There was a 40 per cent correlation between a large MT, small TI,

small Sa/Wt ratio and early TST (or the opposite). MT was dominant over

TI and Sa/Wt ratio in 26 per cent of the cases. Also, MT and Sa/Wt ratio

were dominant over TI in 7 per cent of the cases, though MT and TI domi

nated Sa/Wt ratio in 7 per cent of the cases. TI was dominant in 10 per

cent of the cases. There were'three cases (10%) where no correlational

explanation was available. This analysis supported the findings in the

previous sections, stating that MThas the highest amount of correlation

with TST of the three extraneous factors.

Hypothesis Ilr-^Primary Analysis

The second hypothesis for this study was: There will be no signi

ficant difference (p=0.05) between the body temperatures of the two groups

at the end of the two-hour, testing period. This hypothesis reflected the

clinical significance of the study, since noting the presence or absence

of a difference at two hours gives the clinician definitive feedback as

to how substantially the water bath, as compared to the radiant heater,

affects temperature regulation. The two-hour temperattxre readings for

each group were averaged, deriving a mean temperature for each group

(Table 5). The mean temperatore of the WB group at two hours was 98.88

degrees, whereas the mean temperature of the RH group was 98.81 degrees

(Figure 3).

An analysis of covariance between study group and 2HT demon

strated that the water bath had significantly higher two-hour tempera

tures (p=0.05) than the radiant heater group (Table 8). Therefore, the

second hjrpothesis was rejected.
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Hypothesis II-*-Secondary Analysis

Maternal tentperature. The review of literature indicated that

there is a direct correlation between the MT and fetal temperature, and

thus, the baby's temperature at birth. An analysis was done to deter

mine whether this correlation extended beyond birth, to two hours after

birth. The analysis showed a 70 per cent direct correlation between MT

and 2HT in the infant (Table 17). This direct correlation was also seen

at each level (Table 18). Figures 4 and 5 illustrate this direct rela

tionship. An analysis of partial correlation established the signifi

cance of this relationship at the p=.001 level (Table 12).

Based on these analyses, it could be stated that: Two-hour infant

temperature is directly proportional to maternal temperature.

It was observed in an earlier section (Table 13) that MT's were

fairly well matched for the two study groups. Therefore, it appears that

even though a high correlation exists between MT and 2HT, this relation

ship did not affect the cong)arison made between the WB anri rh groups in

the second hypothesis.

Surface area per weight ratio. The review of literature revealed

that a high Sa/Wt ratio in the newborn is associated with increased heat

dissipation to the environment. An analysis was done to determine

whether this correlation was supported by the sttidy data. There was a

43 per cent correlation between an inversely proportional relationship

involving these factors, and a 27 per cent lack of correlation (Table 19).

The inversely proportional correlation was also seen in looking at each

individual Sa/¥t ratio reading (Table 20). Figures 6 and 7 illustrate
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Table 17

Gorrelation Between. Maternal Temperature
and Two-Hour infant Tea5)erature

2HT

+ -

+ 13 (43%) 5 (17%)

MT - 3 (10%) 8 (27%)

o 0 (0%) 1 (3%)

+ = more than average
- = less than average
o = average

Table 18

Correlation Between Each Level of Maternal

Temperature and Two-Hour Temperature

Maternal Temperatures

97.0-97.4 97.5-97.9 98.0-98.4 98.5-99.0

2HT

—  ■ 6 2 3 3

+ 2 1 4 9

Total

8 3 7 12

% + 25% 33% 57% 75%

% + = Percent of subjects with more than average 2HT
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Table 19

Correlation Between Sa/Wt Ratio and
Two-Hour Infant Temperature

2HT

+ -

+ 5 (17%) 7 (23%)

Sa/Wt - 6 (20%) 3 (10%)

o 5 (17%) 4 (13%)

I  — iuv/ic: civcj.

- = less than average
o = average

Table 20

Correlation Between Each Level of Sa/Wt
Ratio and Two-Hour Temperature

Surface Area/Weight Ratio

.026 .027 .028 .029 .030

2HT

- 1 2 4 5 2

+ 2 4 5 4 1

Total

# 3 6 9 9 3

% + 67% 67% 56% 44% 33%

% + = Per cent of subjects with more than average 2HT
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this relationship. Based on this analysis it dould be stated that: Two-

hour infant temperature is inversely proporttional to surface area per

body weight ratio.

When compared to average Sa/Wt ratio of .028 square meters, the

WB and RH groups had basically the same number of subjects with greater

than average readings and less than average readings (Table 21). For

both groups, a mean Sa/Wt ratio was computed as .028 square meters (Table

3). Based on these comparisons, the WB and RH groups seemed to be well

matched according to Sa/Wt ratio. Therefore, even though a correlation

was seen between Sa/Wt ratio and 2HT, this factor should not have

affected the results of the comparison analysis done involving the second

hypothesis.

Time interval. Analysis was done to determine whether there was

a direct correlation between the number of minutes passing before warming

began and the 2HT readings for the infants in the study. The analysis

showed a 54 per cent direct, inversely proportional correlation between

TI and 2HT (Table 22). There was also a substantial inversely propor

tional correlation with 2HT at each TI level (Table 23). Figures 8 and

9 illustrate this correlation. An analysis of partial correlation estab

lished the significance of this relationship at the p=.001 level (Table

12) .

Based on these analyses, it could be stated that: Two-hour infant

temperature is inversely proportional to time interval.

It was observed in an earlier section (Table 16) that the mean

TI for the RH group was substantially shorter (2.13 minutes) than the
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Table 21

Group Sa/Wt Ratio Compared
to Mean Sa/Wt Ratio

Water

Bath Group
Radiant

Heater Group

< mean TI

> mean TI

mean Tl

4

7

4

5

5

5

Table 22

Correlation Between Time Interval and

Two-Hour Infant Temperature

2HT

+ -

+ 3 (10%) 7 (24%)

TI - 9  (30%) 3 (10%)

o 4 (13%) 4 (13%)

- = less than average
o = average
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Table 23

Gorrelation Between Each Level of Time
Interval and Two—Hour Temperature

Time Interval

1 2 3 4 5 6

2HT

- 2 1 4 4 1 2

+ 6 3 4 2 1 0

Total
# 8 4 8 6 2 2

% + 75% 75% 50% 33% 50% 0%

/^ + = Per cent of subjects xri-th greater than average 2HT
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mean TI of the WB group (3.6 minutes). BeGause of this discrepancy and

the correlation shown between Tl and 2HT, the analysis involving the

second hypothesis could haVe been affected. However, since a signifi

cant difference was found between the two groups' 2HT, the influence of

the Tl discrepancy could not change the analysis of the second hypothesis.

Combined factors. A final analysis was done to determine the

highest degree of correlation when all factors were analyzed together and

to determine the most influential factor. Data from each subject was

compared to the averages for each factor and rated as greater than average,

less than average, or average (Appendix L).

There was a 40 per cent correlation between a high MT, low TI, low

Ss/Wt ratio, and high 2HT (or the opposite). A further 20 per cent cor

relation existed between all factors excluding MT. MT was dominant in

17 per cent of the cases. TI was dominant over other factors in 10 per

cent of the cases, whereas SA/Wt ratio dominated in 6.5 per cent of the

cases. There were two cases in which no apparent correlation existed.

Temperature Stabilizing Time and Two-Hour Temperature

One final correlational analysis was done using the temperature

readings of the subjects. The relationship between the time taken for

each infant to stabilize (TST) and the two-hour temperature (2HT) was

found to be an inversely proportional correlation. Figure 10 shows this

relationship.
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SI3]yiMARY

)

In this ehapter comparisons were made of the stabilization times

and two-hour temperatures of 30 normal newbofns, divided equally between

two study groups. The different warming environments were evaluated

according to their effect on these two readings for the study subjects.

It was found that the water bath group had significantly shorter

temperature stabilization times (p=.001) and significantly higher two-

hour temperatures (p=0.05) than the radiant heater group.

Several factors were found to have a high percentage of correla

tion with TST and 2HT when compared between the factor's mean value and

higher than or lower than mean TST and 2HT. Statistical analysis of

these covariate factors (MT, Sa/Wt ratio, and TI) showed that MT and TI

correlated at e p—0.05 level with TST. The same two factors correlated

at a p=.001 level with 2HT.



Chapter 5

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

SUMMARY

The purpose of this study was to compare the effects of the warm

water bath and the radiant heater on the axillary temperatures of normal

newboms. The 30 subjects studied were equally divided between the two

groups. Hypotheses for this study stated a lack of significant dif-

ference between the stabilization times and two—hour tenqseratures in the

water bath and radiant heater groups.

A selected review of literature was done in order to establish a

scientific basis for the study's investigation. Areas reviewed included;

1) body temperature; 2) avenues of heat loss; 3) thermal gradients; 4)

thermoregulation in the newborn; 5) factors impairing regulation; 6)

thermal environment at birth, and 7) standard warming techniques,

A comparative, quasi-experimental approach was used. Subjects

were placed in either a warm water bath or under the overhead radiant

heater for 10 minutes immediately after birth. Axillary temperatures

were taken for each subject at 15-minute intervals for two hours after

birth. Both groups of babies remained with their parent(s) in the

recovery area for two hours after birth. During this time, all babies

remained wrapped and in close body contact constantly.

The data collected for the study were analyzed and interpreted

as follows: 1) effects of the WB and the RH on TST; 2) correlation

78
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between MT., TI, Sa/¥t and TST; 3) possible effect of MT, TI, or Sa/Wt

correlations with TST on the first hypothesis analysis; 4) factoral

dominance in relation to TST; 5) effects of the WB and the RH on 2HT; 6)

correlation between MT, TT, Sa/t^t and 2HT; 7) possible effect of MT, TI

or Sa/¥t correlations with 2HT on the second hypothesis analysis; 8)

factoral dominance in relation to 2HT; and 9) correlation between TST

and 2HT.

The hypotheses of the study stated:

1. There will be no significant difference (p=0.05) between the

amount of time passing before temperature stabilization occurs in the two

groups.

2. There will be no significant difference (p=0.05) between the

body temperatures of the two groups at the end of the two-hour testing

period.

Findings of the study showed mean temperature stabilization time

of 26.5 minutes for the ¥B group, as compared to 42.5 minutes in the KH

group. This difference was significant at the p=.001 level. Therefore,

the first hypothesis was rejected. It was also shown that 87 per cent of

the ¥B group, and 80 per cent of the RH group stabilized within the two-

hour study.

Mean two-hour temperatures for the two groups were 98.88 degrees

for the ¥B group, and 98.81 degrees for the KH group. These findings

were significant at the p^O.05 level.. Therefore, the second hypothesis

was also rejected.

Several extraneous factors (covariates) were found to have a

direct effect on stabilization time and two-hour temperature. MT was



80

found to be inversely proportional to TST, at a significance level of

p=.05. MT was also found to be directly proportional to 2HT, at a level

of significance of p-.OOl. TI was directly proportional to TST at a

level of p=.05 and was inversely proportional to 2HT at a p=.001 level.

When the correlational dominance of several extraneous factors

was tested, MT was found to dominate other factors in the strength of its

correlational relationship with TST.

A correlation between TST and 2HT also showed an inversely pro

portional relationship.

GONCLUSIONS

The following conclusions were based on the analysis of the find

ings of this study. Validity of these conclusions, and thus their

utilization, must take into account the small sample size involved in

the study. It was concluded that:

1. The WB group had significantly shorter temperature stabili

zation times than the RH group.

2. The WB group had significantly higher faTO-hour temperatures

than the RH group,

IMPLICATIONS FOR NURSING

The author's intention in conducting this study was not to advo

cate the use of the water bath, but rather, to clarify one of its clinical

effects. From the analysis of the hypotheses, it would seem that deli

very room personnel may use the warm water bath without fear of adverse



81

effects on the temperature of the newborn. Both temperature stabili

zation and temperature at the end of two hours compared favorably be

tween the two groups, in fact, the water bath seemed to appear more

effective for warming babies than the overhead radiant heater.

The analyses of partial correlation involving the covariates in

the study also gave helpful input for delivery room personnel. The high

correlational relationship TI had with the dependent, variables demon

strated that an attempt should be made to place the infant in its warming

environment as soon after delivery as possible. Nurses should also be

aware that the maternal temperature has a significant effect on both TST

and 2HT. Therefore, babies of mothers with low temperatures should be

treated especially carefully to preserve body heat.

RECOMMENDATIONS FOR FURTHER RESEARCH

The following recommendations were made based directly on the

findings of this study;

1. That a similar study be conducted using a device to con

stantly monitor and regulate temperature in the water bath and radiant

heaters.

2. That a similar study be conducted using mean skin temperature

readings from six body sites for con^jarison.
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Ms. Gertrude Haussier August 2^, 1977
Director of Nursing Service
Loma Linda University '
Loma Linda, Ga. 9235^

Dear Ms. Haussiers

As a graduate student in Mother and Child Nursing, I am investiga
ting the effectiveness of two procedures currently being used to
warm newborns. Lhe study is entitled Gomnarison of the Effects
of Two Warming Procedures on Temperature Stabilization in Normal
Newborns. This study is being done to meet part of the require
ments for a master's degree in nursing at Loma Linda University.
I am hereby requesting permission to involve patients from LLUMG
in my study. My thesis committee chairman, Clarice Woodward, has
approved this thesis, and I have also obtained approval from the
Ethics in Nursing Research Committee.

The proposed research will be quasi-experimental in. nature. ^ It
will"" involve two groups of normal term babies. One group will
be warmed by a warm water bath after delivery. The other group
will be warmed under a radiant heater after delivery. Tempera
ture readings for each baby will be obtained every fifteen min
utes for two hours after birth. No risk to the subjects is anti
cipated. After obtaining the physician's consent and approval to
include each patient in the study, the parents' consent will be
obtained following a thorough explanation of the study. Randomly-
assigned numbers for identification will insure confidentiality.
Right to withdrawal from the study without prejudice will also be
assured for each subject.

With your permission, I would like to begin data collection for a
pilot"study during the first week of September. I expect to accom
plish the entire data collection for the study by the end of Octo
ber. I will be happy to make an appointment with you to discuss
this research further if you desire, and to share the findings of
the study after its completion. Space has been provided on the
attached letter from the graduate program for your reply. Thank
you for your assistance.

Sincerely,

Ann Morton, R.N., E.S.
Graduate Program in Nursing
Loma Linda University
School of Nursing
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Lotna Linda University Medical Center 90

Date: f- V

Dear

Your request for permission to collect data for your research project at
Lotna Linda University Medical Center has been received and reviewed. The
following action has been taken:

You have my peCTlssion to conduct your study in our facility.

Your request has been temporarily denied pending provision of additional
information.

_____ Your request cannot be granted at this time.

Also, it will be necessary for you to:

_____ Obtain permission from the attending physician since your study involves
patients and/or their records.

Obtain additional peannission from _

_____ Notify and/or advise the following persons of your study,

_____ Make an appointment with ' for additional
discussion and information provision.

I

_____ Other

If I can be of further help, please let me know.

Sincerely,

Gertrude L. Haussler, M.S.
Assistant Administrator

Nursing
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LOi^ LiffiA
Graduate Program in Wursf.ng

92
Date: August 17, 1977

Ann Morton

22275 De Berry
Grand Terrace, CA 92324

Dear Ann:

The Ethics in Nursing Stesearch Committee has reviewed the proposal you
submitted for a research study to partially fulfill the School of Nursing
requirements for a Master of Science degree from I^ma Linda University.

The committee has voted that your study is;

Approved as submitted.

^  Approved after the attached recommended changes have been n»de
and a memo from your conHoittee chairman to this effect has been
received by the committee chairman.

Not approved as submitted to the committee. See the attached
comments for recommended changes. Must be resubmltted prior
to any data collection.

Deferred to; JJaACHE Major Advisor Research Chairman

Other Advisor

Please see attached comments regarding this action.

Please contact the Chairman of the Ethics in Nursing Research Committee if
you have questions related to the decision of the Committee. If any changes
are made in the hypothesis, tool, consent form, or the procedure for data
collection, this proposal must be resubmltted to this Committee.

We pray that the Lord will continue to bless your endeavors.

Sincerely,

Evelyn L, Elwell, Chairman
Ethics in Nursing Research Committee

ELE:Iw
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RECOMMENDATIONS AND COMMENTS

OF THE

EimCS IN NURSING RESEARCH COMMITTEE

Approved with following reconmendations:

1. See revised Consent Form

2. Two consent forms if both parents are involved.

3. Revise information for better organization of content on Information
for Parents.



APPENDIX D

APPROVAL FROM THE RESEARCH COMMITTEE

94



Graduate School FORM 1

95
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Guidance Committee: (The signature of a committee member
indicates his willingness to serve and
his approval of the thesis/dissertation...
subject and research design)

CPo^UjLj^
Chairman " "

i-O-M.

OS^J

1771
Signature of Department Chairman Date

'JOl
signature of Graduate School Dean Date/ /

Copies for: Graduate School
Department
Each Guidance Committee Member
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DATA COLLECTION FORM
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Subject fr Time born am/Pi

Grout) Tims warming began

Sex Interval min.

Duration of Labor hrs. Temneratures (Axillary):

Gestational age wks.
degreesAt birth

Mother's tewD. (oral) 15 rain degrees

Time taken ara/pm 30 min degrees

Drugs taken during Labor
(drug, dosage, time

and Deliv:

)

^5 rain

1 to*

1 hr/15 rain

1 hr/30 min

degrees

degress

degrees

degrees

Tvpe of Deliv. 1 hr/^5 rain degrees

Position 2 hrs degrees

Anasthetic

v/eight of infant.

Length of infant

Surface area

Apgar (5 min.)

_cin.

2
m

Diabetic or Toxemic_

Apparent Anomalies

Postmaturity
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GOWSBNT FORIvI

A study is "being conducted to determine the effectiveness of the
warm water bath in helping a baby's temperature to stabilize. The
baby's tempera^ture v/ill be taken under the arm every 15 minutes for
2 hours after delivery to compare the effectiveness of a v/arra water
bath v/ith radiant heating. Duranig this time the baby v/ill remain
wrapped and in constant close body contact.

The information gained will help to determine if methods for in
fant v/arming can be improved. Any and all/ information obtained in
this study v/ill be treated in a confidential manner. You and/or
your baby's name v/ill not be attached to any information obtained.

I have considered the above statements and hereby give my free and
voluntary consent to participate with my ba.by in The Iffect of
the V/arin Water Sath on Axillary Temnerature ̂  . Normal Newborns
under the "supervision of Ann :.:^orton( R.N., graduat - atuclent in
nursingf ^oma Linda University, and in v/itness thereof I have
signed this consent. I, understand that I am free to v/ithdraw
by baby from participation in the study at any time without re
sulting in any prejudice toward me or my bs.by.

Signed

^ Date

Witness
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INFORMATION FOR THE PARENT

I am currently conducting a study at Loma Linda University Med
ical Center on procedures used to warm newLorns. It is called

Sffect of the Warm "Water Bath on Axillary Temperature in
Normal Newborns» In this study, I am" comparing the effectiveness
of the 'vvarm water bath and the radiant infant warmer in helping
stabilize the newborn's body temperature. I want to see whether
the water bath, currently being used in some hospitals, warms the
baby as well as does the radiant heater, which is standardly used
in most hospitals.

To do this,I will have two groups of normal babies. One group
of babies v/ill be placed in a v/arm water bath after the umbilical
cord is ciamped and cut. The second group will be placed under
the radiant heater after the cord is clamped and cut. The babies
will stay in their respective warm environments for 10 minutes.
Then, they v/ill be dried off, v/eighed, and v;rapped in warmed
blankets. This initial 10-minute period is essentially all that
differentiates the treatment of the babies from each other.

After the babies are v/rapped, they are handled normally. They can
be held, played v;ith, breastfed, etc. The only differences between
the handling of these babies and babies not in the study from this
point on are described below.

First, to compare the tv/o warming procedures, temperature readings
will be needed. Therefore, each baby's temperature will be taken
every 15 minutes for 2 hours after birth. While you are still in
the delivery room, you will have an opportunity to get a good look
at your baby. Then to help prevent heat loss you will be asked not
to unv/rap the baby in the recovery room. You will also be asked to
maintain constant, close body contact with your baby during the two-
hour study period.

No risk is foreseen for any of the subjects included in this study.
Numbers will be randomly assigned each subject so that anonymity
will be preserved.

If you feel that you would like to have your baby participate in
the study described above, please sign the consent form provided.

Thank you very much for your cooperation and help in accomplishing
this study.

Most sincerely,

Ann Morton, R.N., B.S.



APPEiroiX H

NOMOGRAM FOR DETERMINING BODY SURFACE AREA

102



103

NGMOGRAM FOR ESTIMATING SURFACE ̂ AREA OF INFANTS

AND YOUNG CHILDREN

HEIGHT SURFACE AREA WEIGHT

feet centimeters in square meters pounds

3065

60

55 25

50

45 20

40

35

kilograms

3' —

34*-

32"-

30'.

28'.

26".

22'-:z-r- 55

20'

18'-

•50

— 45

16»-

14'

V

10'

9'

8-

95

-90

85

-80

75

-70

65

-60

•40

35

•30

— 25

■20

.8

-.7

-.6

-.5

'A

-.3

-.2

-,1

30-

25

20-

15

10-

5-

4.

•15

•10

To determine the surface area of the patient draw a
straight line between the point representing his
height on the left vertical sacle to the point repre
senting his weight on the right vertical scale• The
point at which this line intersects the middle vertical
scale represents the patient's surface area in square
meters, (Courtesy, Abbott Laboratories.)
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Table 26

Actual Axillary Temperatures for Each Water Bath
Subject at 15-Minute Intervals for

Two Hours After Birth

108

No. 15 30 45 60 75 90 105 120 mean

1 98.0 97.8 98.4 98.8 99.0 99.2 98.8 99.0 98.6

2 98.2 98.4 98.4 98.6 99.2 99.0 99.8 99.6 98.9

3 98.6 98.4 99.0 98.6 99.4 99.6 99.4 99.4 99.1

4 99.2 99.0 99.8 99.8 99.4 100.0 99.0 99.4 99.5

7 97.4 98.0 97.6 97.4 97.4 97.8 97.6 97.8 97.6

11

1

98.2 98.0 98.4 98.4 98.6 98.8 98.8 98.8 98.5

14 97.8 97.4 98.0 98.8 98.6 99.0 98.8 98.4 98.4

15 98.0 97.8 98.4 98.8 99.0 99.2 98.8 99.0 98.6

18 97.8 97.4 98.0 98.8 98.6 99.0 98.8 98.4 98.4

19 98.6 98.4 99.0 98.6 99.4 99.6 99.4 99.4 99.1

20 98.2 98.0 98.4 98.4 98.6 98.8 98.8 98.8 98.5

22 97.4 98.0 97.6 97.4 97.4 97.8 97.6 97.8 97.6

24 97.8 97.4 98.0 98.8 98.6 99.0 98.8 98.4 98.4

29 98.2 98.4 98.4 98.6 99.2 99.0 99.8 99.6 98.9

30 99.2 99.0 99.8 99.8 99.4 100.0 99.0 99.4 99.5
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Table 27

Actual Axillary Temperatures for Each Radiant Heater
Subject at 15-Minute Intervals for

Two Hours After Birth

No. 15 30 45 60 75 90 105 120 mean

5 97.0 97.8 98.0 98.0 98.6 98.6 98.6 98.6 98.2

6 97.4 97.4 97.8 97.8 97.8 98.0 97.8 98.0 97.8

8 97.4 97.6 97.8 98.6 98.8 99.4 99.4 99.4 98.5

9 97.0 98.0 98.4 98.6 98.6 99.0 99.0 99.0 98.5

10 96.2 96.2 96.6 97.2 97.2 97.6 97.8 97.8 97.1

12 98.6 98.8 98.6 99.0 99.4 99.6 99.6 99.6 99.2

13 97.0 97.6 98.0 99.0 99.2 99.4 99.6 99.6 98.7

16 96.4 97..0 96.8 97.0 97.2 97.6 97.6 97.6 97.2

17 98.0 98.0 98.6 98.8 98.8 99.2 99.4 99.4 98.8

21 96.0 98.6 97.2 98.2 98.2 98.2 98.2 98.2 97.6

23 97.0 97.0 98.2 98.4 98.8 98.8 99.0 99.2 98.3

25 97.0 96.8 97.0 97.6 98.2 98.6 98.8 98.6 97.8

26 98.6 98.8 98.6 99.0 99.4 99.6 99.6 99.6 99.2

27 97.0 98.0 98.4 98.6 98.6 99.0 99.0 99.0 98.5

28 97.0 96.8 97.0 97.6 98.2 98.6 98.8 98.6 97.8
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KEY TO TABLE 28

+ = greater than average

- = less than average

o = average

averages:

MT = 98,1 degrees

TX = 3 minutes

Sa/yt = .028 square meters

TST = 34.2 minutes

analysis:

* = + MT

- TX

- Sa/Wt
- TST

-or-

- MT

+ TX

+ Sa/Wt
+ TST
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Table 28

Analysis of Correlation Between
Combined Factors and TST

No. MT TI Sa/Wt TST Analysis

1 - - - 4- MT d oin.

2 4- o - MT dom.

3 -f 4- 4- - MT dom.

4 +• 0 - -

5 4" + - 4- TI dom.

6 0 - - ■ 4- ?

7 + 4- o 4- TI dom.

8 + - - + ?

9 -f - o -
it

10 - 4- o 4- -k

11 -f + + - MT dom.

12 - 4- - MT & TI dom.

13 - o 4- 4- k

14 - o 4- 4- k

15 - - - 4- MT dom.

16 - o - 4- MT dom.

17 4- o -
k

18 - o 4- 4- k

19 4- 4- 4- MT dom.

20 4- 4- 4- - MT dom.

21 - + 0 4- k

22 + + 0 4- TI dom.

23 4- - 0 4- ?

24 - 0 4- 4- k

25 - - 4- 4- MT & Sa/Wt dom.

26 4- - 4- - MT & TI dom.

27 4* - o -
k

28
- 4- 4- MT & Sa/Wt dom.

29 ■f - o - . k

30 4- 0 - - k
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KEY TO TABLE 29

+ = greater than average

= = less than average

o = average

averages; analysis;

MT = 98.1 degrees * = + MT

- TX

TI « 3 minutes - Sa/Wt

+ 2HT

Sa/¥t = .028 square meters

2HT = 98.9 degrees
-or-

- MT

+ TI

+ Sa/Wt
- 2HT
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Table 29

Analysis of Correlation Between Combined Factors and 2HT
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No. Ml TI Sa/Wt 2HT Analysis

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

+

+

+

+

o

+

+

+

+

+

+

-f

4-

+

+

+

+

+

4-

o

+

4-

4-

o

o

o

o

o

4-

4-

4-

4-

0

o

o

4-

o

o

4-

4-

4-

4-

4-

4-

4-

o

o

o

4-

4-

4-

o

4-

o

4-

4

4

4

4

4

4

4

4

4

4

. 4

* s MT

MT dom.

MT dom.

-k

TI dom.

^ s MT

•k

k

k

s m

TI dom.

?

k

* s MT

MT dom.

k

k

MT dom.

* s MT

k

* s MT

k

k

Sa/Wt dom.

TI dom.

k

Sa/Wt dom,

MT dom.

k
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