
Introduction

As thermoregulation reflects an individual's
physiological balance, it is important to measure the body
temperature correctly as part of routine nursing assessment.1

To date, there exist insufficient and contradictory results from
nursing studies on temperature measurement despite the
importance of accurate temperature measurement.1 Nurses
need to keep current on research providing answers to
accuracy issues in temperature measurement.2 Although
temperature measurement is quite simple, the health worker
must be aware of the variables affecting vital signs, how these
variables are reflected in an individual's body temperature,
and how these variables may be controlled.3-5 Accurate
monitoring of core temperature is an important component of
the routine care of critically ill patients.6 While temperature is
considered the most basic of observations, conflicting
opinions exist about the most accurate site for measuring core
body temperature.2,6-12

The literature consists mostly of studies from the
1960s and 1970s and mainly involves the use of mercury
glass thermometers. An increasing tendency to use electronic
and tympanic thermometers in clinical applications was
observed in the 1980's.1 The most popular noninvasive
method for measuring body core temperature is in the ear
canal. With this method, which uses infra-red waves, it is
possible to measure body temperature quickly and
noninvasively by placing the probe inside the ear canal. This
method is more convenient compared to other methods and is

less influenced by thermal and environmental artifacts. There
are two main locations for measuring temperature in the ear:
the tympanic membrane and the ear canal. The tympanic
membrane gets its blood supply from a section of the aorta
that supplies blood to the thermoregulatory centre in the
brain. Therefore, it is an important site for measuring body
core temperature. In addition, access to the ear canal is very
convenient.12 Since the tympanic membrane shares the same
blood supply as the hypothalamus, which is the heat
regulation centre, it is believed that body temperatures
obtained by use of a tympanic membrane thermometer are
very accurate.1,9,12-14

Advantages of tympanic thermometers include ease
of use, decreased risk for cross-infection and speed of
use.1,13,15 However, results of studies on the reliability of
measurements from tympanic thermometer are
contradictory.1,16-18

Each type of thermometer has its advantages and
disadvantages, and, as new technologies are introduced, there
is discussion about whether the new devices measure body
temperature correctly.19 The tympanic thermometer, like
other types of thermometers, can give inaccurate readings
when used incorrectly. It is thought that lying on the ear could
obstruct heat loss by radiation and convection,4,20 and thus
result in inaccurate body temperature readings when
tympanic temperature is taken in the ear immediately
following the subject lying on that ear. This definition was the
basis of the present study.
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The aim of this study was to examine the effect of
lying on the ear (in a lateral position) on the measurement of
body temperature by tympanic thermometer in the ipsilateral
ear. Three questions related to the study's purpose were:

1. Does lying on the ear effect on the measurement
of body temperature by tympanic thermometer in the
ipsilateral ear?

2. Does measurement of body temperature by
tympanic thermometer in the ipsilateral ear increase duration
increased of lying on the ear?

Subjects and Methods

Participants in the study were selected with
nonprobability sampling method, 74 first-and second-class
School of Health in Turkey, healthy young people in January
2007. Sixty-eight participants who agreed to take part, and
who had no discharge or infection of the ear and no upper
respiratory tract infection, were included in the study. In order
to control for differences between right and left ears, body
temperature was measured in the right ear of 34 participants
and the left ear of the other 34 participants. This selection was
performed by drawing lots. Of the possible 74 participants in
the sample, 2 participants did not consent to participate and 4
participants who left before the end of the study were
excluded.

Each participant was exposed to a constant
environmental temperature before the simultaneous
temperature measurements. Using of the ear thermometers as
the ears are cold may give unreliable results, because the
environmental temperature may also affect the tympanic
membrane temperature.9,11

Briefly, the measurement of temperature over the
tympanic measurement was performed as follows; the probe
of the non-contact infrared thermometer (Microlife IR 1DA1
tympanic thermometer) was inserted into the external
auditory canal by pulling the pinna backward, and the probe
was directed toward the eye. The probe was held in this
position until the device bleeped, which usually took a few
seconds. The cover of the probe was changed after each
measurement. The ear temperatures of the participants were
measured by the same researcher.

Immediately after the first temperature reading,
participants were asked to lie on the ear on the side. The
participants were laid down on their ear for 30 min.
Measurement had been taken for periods of 5, 10, 15, 20
and 25 minutes. Tympanic temperature was measured at
the end of each period and results were recorded on a data
form. Tympanic measurements were delayed for 2
minutes following the end of each lying period to allow
passage of the cooling effect of the tympanic probe on the
ear canal, a phenomenon known as temperature draw-

down. This temperature draw-down causes falsely low
tympanic values if not enough time elapses between
measurements.21

Permission to carry out the study was obtained from
the Ethics Committee of Ege University College of Nursing,
the College of Health where the study was conducted. Verbal
informed consent was obtained from the participants.

Statistical Methods:

Data were analyzed using the SPSS for Windows,
Version 13.0 (SPSS, Inc.,Chicago, IL) Descriptive statistics
were used to describe participants' demographic
characteristics. Data analysis included Repeated Measures
ANOVA, Paired Samples T and One Samples T tests.

Results

Body temperatures measured by tympanic
thermometer were found to be as follows: 36.02±0.50ºC at
0 minutes; at 36.23±0.50ºC at 5 minutes; 36.47±0.47ºC at
10 minutes; 36.60±0.39ºC at 15 minutes; 36.69±0.36ºC at
20 minutes; and 36.80±0.38ºC at 25 minutes. The
difference according to length of time lying on the ear was
statistically significant (F=250.252 p<0.001). Measured
temperature rose as the time lying on the measured side
increased (Table). 

When comparing measurements from one interval to
the next, each succeeding measurement was higher than the
one preceding it.

Discussion

The difference between measurement results
according to length of time lying was found to be statistically
significant (F=250.252 p<0.001). The measured temperature
rose as the time spent lying on the measured side increased.
It can be seen that there were statistically significant
differences among the body temperature measurements.

The human body generates heat, and also loses heat
to keep the internal temperature balance. Body temperature
of the heat produced is in balance with the heat lost. Loss of
body heat takes place through radiation, conduction,
convection and evaporation.22 In this study, participants
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Table: Distribution of mean body temperatures and differences

between measurements.

Period X ± SD

First Measurement 36.02 ± 0.50 ºC
5th minute 36.23 ± 0.50 ºC
10th minute 36.47 ± 0.47 ºC
15th minute 36.60 ± 0.39 ºC F= 250.252 p<0.001
20th minute 36.69 ± 0.36 ºC
25th minute 36.80 ± 0.38 ºC



were exposed to a constant environmental temperature as in
both studies,9,11 to eliminate the short lived effects of minor
temperature disturbance. On the other hand, heat loss
through radiation, convection and evaporation could have
the potential to be blocked as a result of lying on the ear.
This may have caused an increase in the tympanic
measurement results.

Fulbrook8 examined the relationship between
pulmonary artery blood temperature, axillary
temperature, and tympanic membrane temperature, in
sixty adult intensive care patients (mean age was 63.4
years) had their temperatures monitored. Body
temperature measurements were recorded from five
different areas: right ear; left ear; right axilla; left axilla;
and pulmonary artery blood. The subjects' positions and
whether or not they were subjected to fan therapy to the
head were recorded during data collection. A statistically
significant difference was detected between right and left
tympanic membrane temperatures with subjects lying on
the right side. Although the difference when lying on the
left side was clinically significant it was not statistically
significant. The results from this study indicate that fan
therapy to the head has a negligible effect. When a patient
is lying with his or her ear on the pillow, the difference
between left and right tympanic membrane temperatures,
although clinically significant, was found to be
statistically significant only when the patient was lying on
his or her right side. According to the results of data
analysis, large differences between the left and right
tympanic membrane can be explained by the position of
the specified ear on the pillow.8 The finding of this study
supports our results.

It was established that measurements by tympanic
thermometer, on the ear towards the pillow, shows
increased temperature. This rises by increasing time lying
on the ear. In accordance with these results, it is
recommended that temperature should be measured from
the ear which is not on the dependant side, to obtain a
correct reading by tympanic thermometer. Nurses are
responsible for obtaining correct measurement for
evaluating vital signs. To be achieved, they must know
what could cause a false reading, and take the appropriate
action to prevent this.

Although the main purpose of this study was not to
determine the difference between right and left ear
measurements, there was no difference between right and left
ear. The results of this study were consistent with literature
results.8-11

Limitations:

Nonprobability sampling limits the

generalizability of findings due to impossibilities, and
may have introduced a selfselection bias.
Generalizability is further limited because our sample
was younger than the general population. Limited
sample size may have weakened the effective size. Age,
gender, diseases, the changes in the environment
(different temperatures) may have introduced extraneous
variance. Thus, because of the small sample size and the
aforementioned limitations, these results should be
considered preliminary at this stage. If it is done as
randomized controlled trials, more evidence-based
findings could be obtained.

Conclusion

Measurements using tympanic thermometer
following intervals in which the subject was lying on the
ear showed increases, such that as the length of time
spent lying on the ear increased, the temperature also
increased. It is therefore recommended that in reading
when using a tympanic thermometer, measurement
should take place in the ear that the patient was not lying
on immediately prior to measurement. As a result of this
study, we advised that 'care should be taken not to
measure the temperature in an ear on which the patient
has been lying recently'.

Relevance to Clinical Practice:

Nurses should be aware that lying on the ear prior to
tympanic temperature measurement in this ipsilateral ear can
lead to erroneous measurements. Tympanic temperature
should be taken in the ear that the patient was not lying on in
the interval immediately preceding temperature
measurement. 
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