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Abstract
Rectal and axillary temperatures were
measured during the daytime in 281 infants
seen randomly at home and 656 at hospital
under 6 months old, using mercury-in-glass
thermometers. The normal temperature range
derived from the babies at home was 36-737-9°C for rectal temperature and 35 6-37-2°C
for axillary temperature. Rectal temperature
was higher than axiliary in 98% of the measurements. The mean (SD) difference between
rectal and axillary temperatures was 0-7
(05)0C, with a range of 3°C. When used in
hospital to detect high temperature, axillary
temperature had a sensitivity of 73% compared with rectal temperature. This is too
insensitive for accurate detection of an infant's
high temperature. Rectal temperature
measurement is safer than previously suggested: perforation has occurred in less than
one in two million measurements. If an
infant's temperature needs to be taken, rectal
temperature should be used.
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Body temperature is one of the commonest
clinical signs used to determine whether a child
is ill.' 2 Surprisingly, there are little data to
define a normal range in babies, as most studies
have reported on ill babies.5 Although rectal
temperature is the measurement used in physiological studies"8 and for the management of
seriously ill children,9 axillary temperature is
considered by some to be accurate enough for
normal clinical practice.3 10 Only two studies
have analysed the accuracy of axillary compared
with rectal temperature measurements in terms
of sensitivity and specificity and they looked at
small numbers of ill children.4 5
This paper endeavours to determine the
normal daytime range for axillary and rectal
temperature for infants in the first six months of
life and assess the evidence for using an axillary
or rectal temperature measurement.
Methods
During one year 298 full term babies were
randomly selected from the birth register in
Cambridge and seen at home in the first six
months of life, evenly across the seasons. At the
same time 709 babies of similar age were
enrolled when they were presented to hospital
for assessment of an acute problem. Twenty
seven were seen in Cambridge and 682 at
the Royal Children's Hospital, Melbourne,
Australia. This was part of a much larger study
to determine the importance of symptoms and

signs of illness in babies under six months

old.'0 11
Rectal and axillary temperatures were
measured using standard nursing procedures
with mercury-in-glass thermometers. Rectal
temperature was measured by inserting the
thermometer approximately 3 cm past the anal
margin and held in place for at least one minute,
or until the temperature stopped rising. The
axillary temperature was read after the thermometer had been in place for at least three
minutes. Measurements were made between
8 00 am and 8 00 pm. In hospital the routine
temperature taken by the admitting nurse was
used. For the purpose of this study both axillary
and rectal temperatures were measured in each
baby. The data obtained represent temperatures
taken in clinical practice rather than for a
physiological study.
The data were analysed using the x2, Pearson's
correlation coefficient, and the Bland-Altman
analysis'2 for comparing two measurements.
Permission for this study was given by the
Cambridge District Health Authority ethics
committee and the Royal Children's Hospital

ethics committee.
Results
REFERENCE RANGE FOR NORMAL TEMPERATURE

Of 298 babies seen on a randomised basis at
home 281 had both rectal and axillary temperatures measured. The results from these babies
were used to determine the reference range
(mean, 2 SD) for normal daytime temperature.
The mean (SD) for rectal temperature was 37-3
(0-35)°C with a range from 36-7-37-9°C. The
mean (SD) axillary temperature was 36-4 (0-42)'C
with a range from 356-37-2°C. The empirical
95% confidence interval for axillary and rectal
temperature was identical to the value for 2 SD
either side of the mean.
Figures IA and lB are scattergrams of rectal
and axillary temperatures, where both were
obtained, for babies at home and babies in
hospital.
THE DIFFERENCE BETWEEN AXILLARY AND
RECTAL TEMPERATURE

The mean (SD) for the difference between
axillary and rectal temperatures at home was 0-8
(0 5)°C, at hospital 0 6 (0 4)°C and for both data
sets combined 0-7 (05)°C. Figure 2 shows a
Bland-Altman analysis for the difference
between each pair of temperature readings
where the difference is plotted against the
average of the rectal and axillary temperatures
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DEFINITION OF A HIGH TEMPERATURE
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vary by up to 3UC (see also fig 1). The difference
was only poorly correlated with the height of
body temperature both at home (r= -0 13) and
in hospital (r=0-21).

0

A high temperature is defined for this study as a
temperature higher than 2 SD above the mean
from the babies seen randomly at home. Thus a
high rectal temperature is greater than 37-9°C
and a high axillary temperture is above 37-2°C.
There is no 'gold standard' for measuring
true body temperatures. However, rectal
temperature was found to be a more precise
measurement of body temperature for two
reasons. The higher temperature is more likely
than a lower one to be nearest the true body
temperature, and rectal temperature was higher
than axillary temperature in 917/937 (98%) of
the babies. Rectal temperature was a more
precise measurement, having a smaller SD than
axillary temperature. Rectal temperature can
therefore be considered to be the best reference
measurement available for the detection of high
temperatures.
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IS AXILLARY TEMPERATURE LIKELY TO MISS HIGH
TEMPERATURES DETECTED BY RECTAL
TEMPERATURE?
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Figure I Scattergram of rectal and axillary ten Piperature
pairsfrom (A) babies at home (n=281) and (B) babies in
hospital (n=656). The diagonal dotted line is the line of
identity. The vertical solid line is the upper limit iof normal
(mean +2 SD)for rectal temperature. The horizx ntal solid
line is the upper limit of normalfor axillary temp erature.
Higher values are defined as fever. Some points rrepresent
more than one case.
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Figure 2 A scattergram of the difference between each rectal and axillary temperd ature
measurement plotted against the average of each pair of temperatures for the home crid hospital
babies combined (n=937). The horizontal line indicates zero difference. Some pont nts represent
more than one case.

At home, 8/281 (3%) of the randomly selected
babies had a high temperature (rectal temperature >37 9°C) of which only two (25%) were
detected by an axillary temperature above
37 2°C (see fig lA). There were six babies with a
high axillary temperature (>37-2°C) of which
four (67%) had a high rectal temperature.
Therefore, when used at home to detect high
temperatures, in this group of babies, axillary
temperature had a sensitivity of 25%, a positive
predictive value of 33% and a false negative rate
of 75%. When used at home to confirm a
normal rectal temperature, axillary temperature
was very accurate with a specificity of 99%, a
negative predictive value of 98%, and a false
positive rate of 1%.
In hospital, 93/656 (14%) of the babies had a
high temperature by rectal measurement of
which 68/93 (73%) were detected by a high
axillary temperature (see fig iB). Of the 99/656
(15%) babies who had a high axillary temperature only 31 (31%) had a high rectal temperature. Therefore, when used in hospital to detect
a high temperature, axillary temperature has a
sensitivity of 73%, a positive predictive value of
69%, and a false negative rate of 27%. To detect
a normal rectal temperature, axillary temperature has a specificity of 94%, a negative predictive value of 96% and a false positive rate of 6%.
EFFECT OF TIME OF DAY ON TEMPERATURE

For the babies seen at home, there was no
correlation between rectal or axillary temperature and the time during the day (8 am to 8 pm;
for rectal temperature, r=0-008 per hour, SE
0-01, t=0-6; for axillary temperature, r=0-02
per hour, SE 0-01, t=0 1).
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for the home and hospital babies combined.
This analysis does not assume that one measurement is more accurate than the other. The
difference between the two temperatures may
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EFFECT OF POSTNATAL AGE ON TEMPERATURE

Discussion
The thermometers used in this study were
standard clinical mercury-in-glass thermometers and the nurses taking the temperatures
used the technique they use in clinical practice.
Although this may have introduced some
measurement errors, it means that the accuracy
of the temperatures and the conclusions drawn
are comparable with those in routine practice.
The normal range for the reference temperatures was taken from a carefully randomised
group of babies at home. It is therefore a
population reference range rather than a reference based on carefully selected healthy babies.
In consequence a small number of babies may
have had a fever or been hypothermic. This may
have increased the range slightly beyond what is
truely normal.
Few other studies have defined the range of
daytime rectal and axillary temperatures in
normal infants. Wailoo et al studied only rectal
temperatures of 64 infants at home, mainly at
night time, and showed that 90% had a temperature between 36-8 and 37-8°C one hour
before bedtime.6 Those who have compared
rectal and axillary temperature have had small
numbers of potentially febrile infants and
children. In 1984, Kresch compared axillary
and rectal temperature in 109 children under 5
years old at a clinic.4 Fever was defined as a
rectal temperature above 38'0°C and an axillary
temperature above 37 2°C. He found that for
axillary temperature to detect fevers found by
rectal temperature the sensitivity was 33%, the
false negative rate 67%, and positive predictive
value 78%. They concluded, 'Axillary temperature has poor sensitivity, low predictive value
and takes eight minutes or longer using
mercury-in-glass thermometers. Therefore axillary temperature should not be used in the
detection of fever in infants and children'.
Ogren, in 1990, used digital electronic thermometers with children in an emergency department.5 Fever was defined as a rectal temperature
above 37-9°C and an axillary temperature above
37-4°C. In 61 rectal/axillary temperature pairs,
axillary temperature detected only 17/37 (46%)
of the fevers detected rectally. This had a
sensitivity of 46% and a false negative rate of
54%. They concluded, 'The present study
points out the problem with the axillary
temperatures, namely, the high incidence of
false negative results. Axillary temperatures
may be misleading.' The results and conclusions of these two studies complement the data
in this paper that axillary temperature is
insensitive.

Temperature was measured at home on babies
selected at random, most of whom were well.
Temperature would not normally be taken
routinely in babies at home. In hospital,
temperature measurements are made with the

prime purpose of screening for fever; in this
situation axillary temperature only had a sensitivity of 73% for detecting those high temperatures which were found by rectal temperature.
Therefore, as a screening test for abnormally
high temperatures axillary temperature is too
insensitive because it will miss a quarter.
It has been suggested that axillary temperature
can be used instead of rectal temperature
because the two have a significant correlation.3
A statistically significant correlation between
two measurements does not mean that one can
be used as a proxy for the other. This study has
shown that for a given rectal temperature the
range of difference between the two temperatures is too large (up to 3°C) for the mean
difference between them (0-7°C) to be a useful
value for adjusting axillary temperature to rectal
temperature.
Rectal temperature has been banned in some
hospitals, and also considered inappropriate for
mothers at home because of the possibility of
causing rectal perforations.'3 From a review of
the literature we suggest that this complication
has been over-emphasised and is too rare for
rectal temperature measurement to be banned.
There have been 20 case reports'1426 of rectal
perforation in infants in the English language
literature in the last 30 years which were said to
be due to temperature taking. They all occurred
in neonates in hospital. The majority of reports
only presume the perforation was caused by a
thermometer. In only one case was there a
history of difficulty taking the temperature.2'
Some cases were almost certainly due to spontaneous perforations, which are well described
in all other parts of the bowel.'9 24 27 28 The
only case reports of rectal injury from thermometers at home have been due to struggling
preschool children and they did not result in
perforation.29
A recent questionnaire to all members of the
British Association of Paediatric Surgeons only
revealed two cases of rectal perforation in babies
in the first six months of life in the last five years
in the UK. Considering that over 700 000
babies are born in this country every year, of
which the majority have their rectal temperature
taken at least once, the chance of rectal perforation by a thermometer must be less than
one in two million. In most other European,
Scandinavian, and North American countries
rectal temperature is the preferred route for
taking babies' temperatures by both professionals and parents (personal communication).
Millions of babies must have had their rectal
temperatures taken over the years with little
reported difficulty. In two trials of mothers
using the Baby Check scoring system to grade
the illness of babies at home, one of the checks
required them to take the baby's rectal temperature with a digital thermometer. Although they
only had written instructions on how to take the
temperature, only 6% thought it was difficult.30
Presumably this would be lower if they were
taught the technique.
It is important that babies' temperatures
should only be taken when clinically indicated.
Those doing it should understand that the
thermometer should be inserted gently without
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There was a small positive effect of postnatal
age in weeks on rectal temperature (r=0-004,
SE=0-003, t=1-6) and a small negative effect
on axillary temperature (r=-0 009 SE 0-003,
t= -2 7) for the babies seen at home.
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force and directed at an angle of 300 backwards
and not straight into the rectum parallel to the
surface of the cot. Modern, plastic, digital
thermometers with a liquid crystal display
which beeps when the temperature is stable are
faster to use than glass thermometers, cannot
break in use and are even less likely to cause any
damage.
In conclusion, this study has shown that in
infants the upper limit of the daytime normal
range for rectal temperature is 37T9°C and
37-2°C for axillary temperature. Axillary and
rectal temperature measurements can vary by
up to 3°C. It is therefore not possible to adjust
axillary temperature to rectal by adding the
mean difference. If axillary temperature
measurements are used to screen for high
temperature they will miss a quarter of the
febrile babies. This is too imprecise to be used
for the accurate recognition of abnormally high
temperatures. The chance of causing a perforation by taking an infant's rectal temperature is
less than one in two million. If it is necessary to
take an infant's temperature the rectal route
should be used.
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