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Background: Fever alone accounts for over 25% of paediatric emergency room consultations. Accurate
determination of temperature is critical for the management of sick children by both parents and health
care-providers.

Aims and Objectives: To compare simultaneous measurements of temperature measured by the rectal,
axillary, and tympanic routes in children under 5 admitted to the University of llorin Teaching Hospital.
Methods: 400 children under 5 years of age with a rectal temperature of >38.0°C were recruited
consecutively into the study. Rectal and axillary temperatures were measured using digital thermometers.
Tympanic measurements were undertaken with an infrared tympanic thermometer. All measurements were
made simultaneously and compared.

Results: Mean (SD) rectal temperature was 38.8 (0.7)°C, and mean (SD) tympanic and axillary
temperatures were 38.7 (0.7)°C and 38.1 (0.7)°C, respectively. There was no significant difference
between rectal and tympanic temperatures (P=0.14), and a strong correlation was identified between
values from these two sites (r=0.91). At 91.5%, the sensitivity of tympanic thermometry in determining fever
was higher than that of axillary measurements (54.0%). A mathematical relationship was demonstrated

between rectal/tympanic temperatures and between rectal/axillary temperatures as follows:

Rectal temperature (°C)=6.03+0.85 * Mean tympanic temperature (°C)

Rectal temperature (°C)=11.7+0.71 * Axillary temperature (°C)

Conclusion: In febrile children, tympanic temperature better reflects rectal temperature than does axillary tem-
perature; tympanic temperature should therefore be measured when there are no contra-indications for its use.
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Introduction

Fever is one of the most frequently encountered
paediatric problems, accounting for 25% of visits to
paediatric emergency rooms.' It represents a per-
ception of an elevated temperature, and, in clinical
practice, it is an important sign of a current illness.*
Objective definitions of fever are based on develop-
ment of a variety of thermometers and the identi-
fication of different sites for valid measurement of
body temperature. Thus, there is no single tempera-
ture recording that can be labelled ‘normal body
temperature’ but, rather, it depends on the site of
temperature measurement.* Types of thermome-
ters in use over the years include: liquid-in-glass
thermometers (mercury or spirit), thermistor-based
electronic clinical thermometers, liquid crystal indi-
cator-based thermometers, radiometer-based methods
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for temperature reading in the ear canal and chemical
thermometers.”

The gold standard for core temperature measure-
ment is by a thermistor inserted into the pulmonary
artery.® Other sites for accurate measurement of core
temperature include the oesophagus and urinary
bladder.>” However, temperature measurements in
these organs are laborious, requiring specialised
equipment and personnel, and thus are used only in
experimental situations.>’

Rectal measurements have long been regarded as
the most practical and accurate means of obtaining
routine estimates of core temperature.! Rectal tem-
peratures are fraught with numerous challenges
which include*®® being slow to change in relation
to changing core temperature, being affected by the
depth of insertion of the thermometer, conditions
affecting local (ano-rectal) blood flow, and the
presence of stool in the rectum. Rectal perforation
has been described occasionally. Without proper
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sterilization techniques, rectal thermometry has the
capacity to spread contaminants commonly found in
stool.*? In children, however, axillary temperature,
which is easier to measure and more hygienic than
oral or rectal measurements, has been found to be an
inaccurate reflection of core body temperature.'®!!
Oral thermometry relies on the mouth remaining
sealed, with the tongue depressed for 3-4 minutes,
which is difficult for young children.® This method
of temperature measurement cannot be used in pre-
school children or, indeed, in the unconscious or unco-
operative patients.® Tympanic thermometers measure
the thermal radiation emitted from the tympanic
membrane (TM) and the ear canal, which are perfused
by the tympanic artery, a branch of the internal caro-
tid that also supplies the thermoregulatory centre
(hypothalamus).*'> Reports of their accuracy are
conflicting.'%>14

This study compares simultaneous measurements
of temperature by the rectal, axillary and tympanic
routes in febrile children under 5 years of age, and
determines their degree of agreement and the mathe-
matical relationship (if any) between measurements
from these various sites.

Subjects and methods
Study population

This was a prospective, cross-sectional study. Patients
were recruited from the emergency paediatric unit of
the University of Ilorin Teaching Hospital, Ilorin,
Kwara State.

Sample size determination

The minimum sample size was calculated using the
Andrew Fisher formula'® with a proportion in the
target population of 50% which gives a maximum
sample size and a degree of accuracy of 0.05. The
calculated minimum sample size of 384 was rounded
up to 400.

Study protocol

Subjects were recruited consecutively over a 4-month
period (August-November) in 2009. All children
between 2 and 59 months of age admitted to the
emergency paediatric unit with a history of fever
and in whom the admitting rectal temperature was
>38.0°C'® were recruited. Children with clinical para-
meters suggestive of shock, malnourished children and
children who looked toxic, gravely ill or in extremis
were excluded. The age and gender of each child were
recorded. Temperature measurements and recordings
were carried out by the investigators and trained
assistants. Rectal and axillary temperatures were taken
using a U-mec® digital thermometer. Axillary mea-
surements were made by putting the digital thermo-
meter in the right axillary pit where it was held firmly
in place by assisting the child to adduct the right upper
limb on the upper trunk. Measurements were recorded
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after 5 minutes with the thermometer in place. Aural
temperatures were measured using a Braun Welch
Allyn Thermoscan® PRO 4000 with Intelliscan®.
To measure temperature via the tympanic membrane,
the ear canal was straightened by pulling the pinna
downwards and backwards in children <3 years, but
upwards and backwards in older children.!” With the
ear tugged correctly, the probe tip was inserted into the
external auditory canal, pointing at the midpoint
between the eyebrow and sideburn on the contralateral
side, and temperature was obtained by depressing
the measurement button on the device until a beep
indicated measurement.!” The displayed results were
recorded in °C approximate to one decimal point. The
procedure was repeated in the other ear. Rectal tem-
peratures were measured by inserting a slender KY
jelly-lubricated U-mec® digital thermometer into the
rectum. The thermometer was inserted up to a maxi-
mum distance of three centimetres and was read after
being in place for at least 3 minutes.’

Statistical analyses

Data entry and analysis were undertaken using
Epilnfo version 6. Measures of central tendency and
dispersion of quantitative variables were used. Mean,
standard deviation and range of the temperature
measurements were obtained. The sensitivity of tym-
panic and axillary measurements at various cut-offs of
rectal temperature was calculated. Temperatures from
various sites were compared using correlation scatter-
grams. Correlation of the various measurements was
determined using Pearson’s correlation coefficient, and
confidence intervals were determined. The Bland-
Altman plot was used to assess the absolute differences
between rectal and axillary and rectal and tympanic
temperatures. Regression line analysis was used to
provide the mathematical relationship between the
various temperature measurements. P<<0.05 was con-
sidered significant.

Ethical clearance

Ethical clearance was granted by the University of
Ilorin Teaching Hospital Ethical Review Committee.
Informed consent was obtained from the caregivers
after explaining the study protocol.

Results
A total of 400 children aged 2-56 months were
recruited. Mean (SD) age was 25.6 (16.8) months and
23.8% were infants <12 months. Fifty-nine per cent
(236) of the subjects were male and the male:female
ratio was 1.5: 1. Four hundred sets of rectal, axillary,
and tympanic temperature measurements were re-
corded. Table 1 provides a summary of temperature
measurements from all sites.

Mean (SD) rectal temperature was 38.8°C (0.6),
and the mean of the average tympanic temperatures
was 38.7°C (0.7). Tympanic membrane temperature
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measurements were reproducible. The mean (SD)
difference between left and right tympanic tempera-
tures was 0.019°C (0.1) (Table 2), but the difference is
not statistically significant. There was strong correla-
tion between the right and left tympanic temperature
measurements (r=0.99, P<0.05). The average of the
left and right tympanic measurements was used for
subsequent analysis.

The mean (SD) difference between rectal tempera-
tures and mean tympanic membrane readings was
0.1°C (0.3) (95% CI 0.08-0.14). On the other hand,
the mean (SD) difference between rectal and axillary
temperatures was 0.8°C (0.4) (95% CI 0.71-0.80).
Furthermore, in all cases and at all temperatures,
rectal measurements correlated more closely with
mean tympanic temperature (r=0.91, 95% CI 0.89-
0.93) than with axillary measurements (r=0.82, 95%
CI 0.78-0.84). Figures 1 and 2 demonstrate the
correlation between rectal and axillary, and rectal
and average tympanic temperatures, showing a wider
degree of scatter of the variables in the former than in
the latter.

The sensitivity of tympanic measurements in
detecting rectal temperatures >38.0°C'® was 91.5%,
while that of axillary measurements was 54%. On the
other hand, the sensitivity of axillary measurements
in detecting fever was only 32.4% for low-grade fever
with rectal temperatures of 38.0-38.9°C, compared
with that of tympanic measurements, which was
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temperatures

87.0%. However, the sensitivity of axillary tempera-
tures in detecting fevers with rectal temperatures of
>38.9°C was about 100%. Using generally agreed
cut-offs for axillary (>37.5°C) and tympanically
determined fever (>37.8°C),%'? the sensitivity of
these measurements in detecting rectally determined
fever (rectal temperature >38.0°C)'® was 96.2% for
tympanic measurements and 77.8% for axillary
measurements.

The Bland-Altman plot (Fig. 3) comparing rectal
and tympanic temperatures shows a high degree of
agreement with a low bias of 0.11 and a trend of
reducing differences with higher mean temperatures
(95% CI -0.46-0.68). Figure 4 shows a Bland—Altman
plot comparing rectal and axillary temperatures with

Table 1 Summary of temperature measurements from all sites

Statistical parameter Rectal (°C) Left tympanic (°C) Right tympanic (°C) Mean tympanic (°C) Axillary (°C)

Mean (SD) 38.8 (0.6) 38.7 (0.7) 38.7 (0.7) 38.7 (0.7) 38.1(0.7)

Median 38.8 38.7 38.6 38.6 38.0

Mode 38.4 38.3 38.4 38.4 37.8

Minimum 38.0 36.3 36.5 36.4 36.3

Maximum 40.5 40.2 40.2 40.2 40.1

Table 2 Comparison of paired temperature measurements

Statistical parameter Rectal (°C) Mean tympanic (°C) Axillary (°C) Correlation (r) t P-value

Mean (SD) (rectal vs mean tympanic) 38.8 (0.6) 38.7 (0.7) - 0.91 1.48 0.14

Mean (SD) (rectal vs axillary) 38.8 (0.6) - 38.1(0.7) 0.82 14.25 0.001
Paediatrics and International Child Health 2013 voL. 33 NO. 3 167
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Figure 4 Bland-Altman plot of rectal and axillary temperatures

a high bias of 0.755 and a consistent variability across
various temperature cut-offs (95% CI -0.09-1.6).

The derived linear mathematical relationship
between rectal and axillary temperatures using linear
regression analysis is shown in Figure 5. The derived
slope of the graph shown in Figure 5 is 0.71, while the
intercept is 11.7. Thus, the mathematical relationship
between rectal and axillary temperatures derived
from the above is:

RT=11.740.71 x AT [RT, rectal temperature ("C);
AT, axillary temperature ("C))

On the other hand, for the mathematical relation-
ship between rectal and tympanic temperatures, the
derived slope of the line in Figure 6 is 0.85 and the
intercept is 6.03. Thus, the mathematical relationship
between rectal and tympanic temperatures derived
from the above is:

RT=6.03+0.85x MTT [RT, rectal temperature ("C);

MTT, mean tympanic temperature (°C)]

Discussion

Over the past two decades, tympanic thermometry has
been widely accepted by health-care providers. Reports
have shown that nurses, parents and even children have
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Figure 5 Linear regression analysis scattergram of rectal
and axillary temperatures
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rated it favourably in terms of rapidity, ease of use,
cleanliness, safety and cost-effectiveness.'®!® Several
reports have highlighted the accuracy of infrared tym-
panic thermometry compared with traditional tech-
niques for measuring temperature.>?°2* In the present
study, there was strong correlation between tympanic
temperatures obtained from both ears. This is consis-
tent with earlier reports.”>** Kenney et al. studied the
reproducibility of tympanic temperature measurements
and found a mean (SD) difference of 0.01°C (0.02) that
was not statistically significant,®* which is similar to
the mean (SD) difference between right and left
tympanic readings in this study of 0.02°C (0.11). This
suggests that single measurements from either ear can
be used in taking measurements rather than an average
of both ear recordings. In keeping with previous
reports, mean tympanic and rectal temperatures com-
pared favourably.!®?>2?5 On the other hand, axillary
temperatures were an inaccurate reflection of fever,
similar to other reports.’***?” Using the recognised
cut-off values for axillary and rectal temperatures,'®
22% of patients who were truly febrile would have
been mis-classified as afebrile. This inaccuracy of
axillary temperatures is especially pronounced in those
with low-grade fever (38.0-38.9°C), in only 32.4% of
whom would it be detected. This is slightly higher than
the 24% sensitivity recorded by Radhi et al*° for
axillary measurements in detecting fever in the same
range (38.0-38.9°C). Similarly, in the current study,
the sensitivity of tympanic measurements (87%) for
low-grade fever was slightly higher than that reported
by Radhi ef al. (76%).2° The importance of accurate
axillary temperature measurement can hardly be over-
stressed in tropical regions where febrile illnesses such
as malaria, with its potential for severe complications,
are likely to present early with fever as the only
symptom and/or physical sign; the consequences of
not detecting fever in this group could be catastrophic.
There was a greater degree of agreement over a wide
range of values between rectal and tympanic vs rectal
and axillary measurements. This is further supported



by the wider degree of scatter of axillary measure-
ments, similar to reports by Romano® and Nimah.*
Based on the known variations, a number of authors
have questioned direct comparison between tempera-
ture measurements at different sites. However, using
the cut-offs for axillary and tympanic temperatures,
the current study demonstrated a much lower sensi-
tivity of axillary measurements (78%) than of tympa-
nic (92%).

The mathematical formulae demonstrated a linear
relationship between these measurements. Several
attempts to define a consistent mathematical relation-
ship between axillary and rectal temperatures have
met with limited success, probably as a result of the
demonstrated inaccuracies and methodological con-
cerns. In the past, it was suggested that 0.5°C be
subtracted from rectal measurements to arrive at
axillary measurements. However, this study and several
others show this to be an over-simplification.’® A study
of the relationship between rectal and tympanic
readings found an intercept of 7.54 and slope of
0.8,%! similar to the intercept of 6.03 and slope of 0.85
demonstrated in this study.

There is a need for further validation of the derived
formulae to determine its degree of accuracy in
predicting rectal temperatures when they cannot be
conveniently performed.

Tympanic temperature, measured by rectal ther-
mometry, is a sensitive, reliable and accurate reflec-
tion of core body temperature. Axillary temperatures
are not reliable in reflecting core body tempera-
ture and have poor agreement with rectal tempera-
ture measured at the same time. In children <5 years
of age, the mathematical formula [rectal tempera-
ture (°C)=6.03+40.85 x tympanic temperature (°C)]
can be helpful in accurately predicting rectal tem-
perature. The mathematical formula [rectal tempera-
ture (°C)=11.740.71 x axillary temperature (°C)] can
also be used to predict rectal temperature from mea-
sured axillary temperature in children <5 years of age.

Acknowledgments

We thank the paediatric residents and nurses who
assisted with recruiting the subjects and collecting the
data.

References

1 Mackowiak PA. Fever: Temperature regulation and the
pathogenesis of fever. In: Mandell GL, Bennett JE, Dolin R,
eds. Mandell, Douglas and Bennett’s Principles and Practice of
Infectious Diseases, 5th edn. Philadelphia: Churchill Living-
stone, 2000; 604-19.

2 Molnar GW, Read RC. Studies during open heart surgery on
the special characteristics of rectal temperature. J Appl Physiol.
1974;36:333-6.

3 Schmitz T, Bair N, Falk M, Levine C. A comparison of five
methods of temperature measurement in febrile intensive care
patients. Am J Crit Care. 1995;4:286-92.

4

W

N

~

[>2)

o

10

1

—

14

15

16
17

18

19

20

2

—_

22

23

24

25

26

27

28

29

30

3

—

Abdulkadir and Johnson Comparative thermometry in Nigeria

Mackowiak PA. History of clinical thermometry. In: Mackowiak
PA, ed. Fever: Basic Mechanism and Management, 2nd edn.
Philadelphia: Lippincott Raven, 1995; 1-10.

Ng DKK, Lam JCY, Chow K. Childhood fever revisited. Hong
Kong Med J. 2002;8:39-43.

Denis Leduc SW, Val-d’Or, Community Paediatrics Committee.
Temperature Measurements in Paediatrics. Ontario: Canadian
Paediatric Society, 2007.

Sessler DI. Temperature monitoring. In: Miller RD, ed. Miller
Anaesthesia, 5th edn. Philadelphia: Churchill Livingstone,
2000;1367-90.

Blainey CG. Site selection in taking body temperature. Am J
Nurs. 1974;74:1859-61.

Livornese LL, Dias S, Samel C, Romanowski B, Taylor S, May
P, et al. Hospital-acquired infection with vancomycin-resistant
Enterococcus faecium transmitted by electronic thermometers.
Ann Intern Med. 1992;117:112-16.

Robinson JL, Seal RF, Spady DW, Joffres MR. Comparison of
esophageal, rectal, axillary, bladder, tympanic, and pulmonary
artery temperatures in children. J Pediatr. 1998;133:553-6.
Haddock BJ, Merow DL, Swanson MS. The falling grace of
axillary temperatures. Pediatr Nurs. 1996;22:121-5.
Chamberlain JM, Terndrup T, Alexander DT. Determination
of normal ear temperature with an infrared emission detection
thermometer. Ann Emerg Med. 1995;25:15-20.

Akinyinka OO, Omokhodion SI, Olawuyi JF, Olumese PE,
Brown BJ. Tympanic thermometry in Nigerian children. Ann
Trop Paediatr. 2001;21:169-74.

Milewski A, Ferguson KL, Terndrup TE. Comparison of
pulmonary artery, rectal and tympanic membrane temperatures
in adult intensive care unit patients. Clin Pediatr. 1991;30 (4
suppl):13-16.

Araoye MO. Research Methodology With Statistics For Health
and Social Sciences, Ist edn. Ilorin: Nathadex Nigeria, 2003;
115-21.

Avner JR. Acute fever. Pediatr Rev. 2009;30:5-13.

Terndrup T, Rajk J. Impact of operator technique and device
on infrared emission detection tympanic thermometry. J Emerg
Med. 1992;10:683-7.

Alexander D, Kelly B. Responses of children, parents, and
nurses to tympanic thermometry in the pediatric office. Clin
Pediatr. 1991;30 (4 suppl):53-6.

Barber N, Kilmon CA. Reactions to tympanic temperature
measurement in an ambulatory setting. Pediatr Nurs. 1989;
15:477-81.

El-Radhi AS, Patel S. An evaluation of tympanic thermometry in
a paediatric emergency department. Emerg Med J. 2006;23:40-1.
Benzinger M, Benzinger T. Tympanic clinical temperature. In:
Thomas HP, Murray TP, Shepard RL, eds. Fifth Symposium
on Temperature. Washington: American Institute for Physics,
Instrument Society of America, 1972; 2089-102.

Nimah MM, Bshesh K, Callahan JD, Jacobs BR. Infrared
tympanic thermometry in comparison with other temperature
measurement techniques in febrile children. Pediatr Crit Care
Med. 2006;7:48-55.

El-Radhi AS, Barry W. Thermometry in paediatric practice.
Arch Dis Child. 2006;91:351-6.

Kenney RD, Fortenberry JD, Surratt SS. Evaluation of an
infrared tympanic membrane thermometer in pediatric patients.
Pediatrics. 1990;85:854-8.

Romano MJ, Fortenberry JD, Autrey E. Infrared tympanic
thermometry in the pediatric intensive care unit. Crit Care Med.
1993;21:1181-5.

Morley CJ, Hewson PH, Thornton AJ, Cole JJ. Axillary and
rectal temperature measurements in infants. Arch Dis Child.
1992;67:122-5.

Muma BK, Treolar DJ, Wurmlinger K. Comparison of rectal,
axillary, and tympanic membrane temperatures in infants and
young children. Ann Emerg Med. 1991;20:41-4.

Dhurandhar RW, Merchant H, Satoskar RS. Unreliability of
one minute axillary temperature records. J Postgrad Med.
1962;8:122-8.

Chaturvedi D, Vilhekar K, Chaturvedi P, Bharambe MS.
Comparison of axillary temperature with rectal or oral
temperature and determination of optimum placement time in
children. Indian Pediatr. 2004;41:600-3.

Swash M. Doctor and patient. In: Swash M, ed. Hutchinson’s
Clinical Methods, 20th edn. London: WB Saunders, 1997; 1-28.
Loveys AA, Dutko-Fioravanti I, Eberly SW, Powell KR.
Comparison of ear to rectal temperature measurements in
infants and toddlers. Clin Pediatr. 1999;38:463-6.

Paediatrics and International Child Health 2013 voL. 33 NO. 3

169



