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ORIGINAL ARTICLE

Evaluation of commercial, wireless dermal thermometers for surrogate
measurements of core temperature

Hajnal Zsuzsanna Ballaa, Elvar Theodorssonb and Jakob O. Str€oma,b

aDepartment of Neurology Faculty of Medicine and Health, €Orebro University, €Orebro, Sweden; bDepartment of Clinical Chemistry and
Department of Clinical and Experimental Medicine, Link€oping University, Link€oping, Sweden

ABSTRACT
Extensive research has been devoted to developing methods for assessing core body temperature,
and to determine which method is most accurate. A number of wireless dermal thermometers for
home use are presently available, but their relation to core body temperature and suitability for use in
clinical research has hitherto not been assessed. The current study aimed to evaluate such thermome-
ters by comparing them to the results of a rectal thermometer. Four wireless dermal thermometers for
home use (FeverSmart, iThermonitor, Quest Temp Sitter, and Thermochron iButton) were applied to
15 patients during 24h, and rectal temperature was measured at four occasions. Pearson correlation
revealed moderate correlation for the Feversmart (r¼ 0.75), iThermonitor (r¼ 0.79), and Thermochron
iButton (r¼ 0.71) systems. The Quest Temp Sitter system malfunctioned repeatedly, and the correlation
(r¼ 0.29) for this method should therefore be assessed with caution. All dermal thermometers ren-
dered lower average temperatures than Terumo c405 (Feversmart �0.70 ±0.65 �C; iThermonitor
�0.77±0.53 �C, Quest Temp Sitter �1.18±0.66 �C, and Thermochron iButton �0.87 ± 0.65 �C).
Sensitivity of the dermal thermometers for detecting core temperatures �38.0 �C was low, ranging
from 0.33 to 0.6, but improved to 0.60 to 0.80 after adjusting temperatures by the methods’ average
deviation from rectal temperature. The results from the dermal thermometers tested here showed an
insufficient correlation to core temperature to be used for core temperature monitoring in clinical
research and practice. Unfortunately, other options for non-invasive temperature measurements are
few. The two thermometers with the least unsatisfactory performance profile in our evaluations were
the Feversmart and iThermonitor systems.
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Background

Much research has been devoted to developing methods for
body temperature measurements and to determine which
method is most reliable and accurate [1,2]. Measurement of
body temperature depends upon the accuracy of the therm-
ometer, the measuring site and the skills of the person meas-
uring the temperature. The ambition is generally to measure
the core temperature, which is the temperature of the blood
that circulates in the large blood vessels in the internal organs
and in the brain [2,3]. The gold standard for core temperature
assessment is a pulmonary artery catheter, which however is
invasive and therefore rarely used [2,4]. Other sites for meas-
uring temperature include the esophagus, rectum, arm pits,
mouth, tympanic membrane, and temporal artery. The sites
vary in sensitivity and reliability when compared with a pul-
monary artery catheter, and esophageal measurements are
generally recognized as the most accurate non-invasive index
for core temperature. The esophagus has a blood supply simi-
lar to the brain’s, and is sensitive to rapid changes in the
blood temperature. Rectal temperature is about 0.2� 0.5 �C
higher that the temperature of the blood leaving the heart and

reacts more slowly to temperature changes in the blood, but
is better tolerated than esophageal measurements and is less
prone to operator errors. Esophageal and rectal measurements
are both generally considered valid surrogates for core tem-
perature [4–6].

However, if continuous readings for longer periods of
time are in demand, as may be the case in clinical research,
neither rectal or esophageal measurements are tolerable to
participants in the studies. The possibility that a new, con-
venient and reliable surrogate measurement may be pro-
vided by a new generation of wireless dermal thermometers,
which measure body temperature continuously under longer
periods of time, was tested in the present study. These new
thermometers, developed for home use, are applied to the
person’s skin with the help of adhesive tape and log the
measurements on specific applications on mobile phones or
built-in memory chips. However, before using such methods
as surrogate measurements of core temperature in clinical
research they need proper validation in a clinical context,
and hitherto no such evaluations have been performed.
iButton in a few studies has been found to be reliable when
measuring skin temperature in animals and in sleep/wake

CONTACT Jakob O. Str€om jakob.strom@oru.se Department of Neurology, €Orebro University Hospital, 701 85 €Orebro, Sweden
� 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in
any way.

SCANDINAVIAN JOURNAL OF CLINICAL AND LABORATORY INVESTIGATION
2019, VOL. 79, NOS. 1-2, 1–6
https://doi.org/10.1080/00365513.2018.1519722

http://crossmark.crossref.org/dialog/?doi=10.1080/00365513.2018.1519722&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.tandfonline.com


circadian rhythm evaluation in humans, but has not been
tested for correlation against core temperature [7,8].
A review concerning Thermochron iButton by Hasselberg
et al. emphasized the need for more research to evaluate the
method’s usefulness in the clinical setting [9]. Therefore, the
aim of the current study was to evaluate this type of wireless
dermal thermometers by comparing them to a professional
rectal thermometer.

Methods

Design, subjects, and setting

A prospective method study was planned to evaluate all
commercially available home use wireless dermal thermome-
ters for continuous temperature monitoring by comparing
them to a rectal thermometer.

The subjects were hospitalized patients in the neuro-
logical and infection wards at the University Hospital
€Orebro, Sweden, from December 2016 to September 2017.
The inclusion criteria for the first eight included patients
were only that the patient signed the informed consent. For
the last seven patients, an additional inclusion criteria
(morning temperature �38.0 �C) was added to obtain regis-
trations over a larger temperature spectrum. To minimize
the risk of disturbances by our measurements subjects were
excluded if they or their room neighbor had ongoing tele-
metric ECG monitoring, medication by electronic syringe
pump or required medical ventilation. Forty-two patients
were offered participation in the study, and 15 were
finally included.

Instruments

An Internet search revealed seven different wireless dermal
thermometers that could potentially have been included in
the study. Three of these could not be purchased
(TempTraq, CadiSense wireless thermometer and
RespiHeart), resulting in a final inclusion of four thermome-
ters (FeverSmart, iThermonitor, Quest Temp Sitter, and
Thermochron iButton).

FeverSmart (model WT701, iMobile Healthcare LLC,
Philadelphia, PA) and iThermonitor (model WT701, Railing
Medical Company, Beijing, China) are battery-operated
reusable electronical devices consisting of a thermistor and a
Bluetooth unit. The sensor is placed under the arm, in the
region of the armpit, with the help of adhesive tape. The
sensor registers axillary temperature continuously and trans-
mits the information to a mobile device equipped with a
specific application. The sampling rate is once every 4 s. The
registered temperature is real time temperature with a time-
stamp. The thermometers have a measurement range of
25� 45 �C and, according to the manufacturers, an accuracy
of ±0.05 �C (35� 38.5 �C) and ±0.1 (<35 �C and >38.5 �C),
respectively. A memory unit in each thermometer stores the
measurements in the event the connection to the mobile
unit is lost. The information can be accessed in the form of

a graph and can be exported to a computer for future evalu-
ation in a jpeg file.

Quest Temp Sitter (model QPT01744, Quest products
Inc., Pleasant Prairie, WI) is a reusable, electronic wireless
dermal thermometer that can measure the body temperature
continuously. The sensor has a probe that senses the tem-
perature, the data are transmitted by Bluetooth to a mobile
device equipped with a special application. The thermometer
has a measuring range of 25� 45 �C and, according to the
manufacturers, an accuracy of ±0.05 (35� 38.5 �C) and
±0.1 �C (<34.99 �C and >38.51 �C), respectively. The sample
rate is once every 3 s. The measurements can be accessed in
the application in a graph.

Thermochron iButton (model DS1921H-F5, Maxim
Integrated, San Jose, CA) is a wireless dermal thermometer
that consist of a thermistor and a memory unit, and can
monitor body temperature continuously. The sample rate is
user defined with a maximum of 1 per minute. The memory
unit can record a maximum of 2048 samples. The tempera-
ture measurements are transmitted to a computer by a
1-wire unit and can be exported in a csv file for further
analysis. The thermometer has an operating range between
15 and 46 �C with an accuracy of ±1.0 �C.

Standard protocol on the neurology and infection wards
is temperature measurement by the rectal method twice a
day, but this was for the current study increased to four
times during the 24 h the dermal thermometers were in
place. Because we assumed that the staff was well acquainted
with the method and the literature confirms its validity, we
chose the rectal method as golden standard for temperature
measurement. Terumo c405 is a conventional device for
measuring rectal temperature and it is the standard device
used on the neurologic wards. The thermometer has a meas-
urement range between 32.0 and 42.0 �C and an accuracy of
±0.1 �C with a measurement time of 5min. The device is an
electronic thermometer with a probe and the model is spe-
cifically designed for the oral or rectal measuring method.

Data collection procedure

Subjects were informed both verbally and in text about the
study, and were included if they signed an informed written
consent. Demographics (age and sex) and clinical data
(diagnosis and antipyretic medication) were extracted from
the patients’ medical records.

The dermal thermometers were, all at the same time,
applied to the skin under the arms in the armpit region, fol-
lowing the manufacturers’ instructions. The skin surface was
cleaned with soap and water, dried and wiped with
Chlorhexidine solution 5mg/mL. The armpit was shaved to
maximize the contact between the skin and the adhesive
tape. The patients did not get any instructions regarding
how to keep their arms, whether to use blankets or bed
sheets etc. Every subject got assigned a code and got a
profile in the specific applications. After the sensors
were synchronized with the applications the registrations
were started. Each subject temporarily got a mobile phone
(Samsung Galaxy A3.6, Samsung Electronics, Suwon, South
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Korea) because the sensors needed continuous contact with
a mobile device to register the measurements. For safety
reasons, the mobile phones were locked with a code and
adjusted to “flight mode.” Bluetooth has a functioning range
of 10 m, which was why we asked the subjects to have the
mobile devices with them continuously under the data col-
lection and to keep to their rooms if possible. The length of
temperature registration for each subject was 24 h. The ther-
mometers were cleaned with an isopropanol-based surface
disinfectant both prior application and after removal. The
registrations were saved as csv files or graphs in jpeg. The
rectal temperature was measured by a nurse and registered
on a specific measurement protocol at 12, 16, 20, and 7 h.
The specific time (hour and minute) of each measurement
was noted in the protocol.

At the end of data collection each of the first eight
included subjects was asked to complete a questionnaire
evaluating the tolerability of the dermal thermometers. The
questionnaire had a scale from 0 to 10 evaluating how
uncomfortable the thermometers were patched to the skin,
with 0 meaning not uncomfortable at all and 10 most
uncomfortable, and room for free text comments regarding
the experience of having the dermal thermometers on their
skin for a long period of time.

Statistical analysis

Temperature registrations from each of the dermal ther-
mometers were compared with concurrent temperature
registrations from the rectal thermometer by Pearson’s cor-
relation analysis and linear regression analysis. Average
deviation from rectal temperature was calculated for each of
the dermal thermometers.

Further, in an effort to investigate whether the dermal
thermometers were more suited to follow temperature
trends in specific individuals rather than measuring absolute
temperatures, each individual’s dermal and rectal tempera-
ture recordings were normalized, and correlations calculated
anew. The normalization was done by computing the aver-
age temperature for each individual and each registration
method, and subsequently subtracting this average from
each temperature recording. This resulted in a positive or
negative number, either indicating that the specific measure-
ment was above or below the patient’s average for the

specific measurement method. After normalizations, correla-
tions between the dermal thermometers and Terumo c405
were calculated anew.

Further, the sensitivity and the specificity of the dermal
thermometers to detect rectal temperature elevations
�37.6 �C and �38.0 �C, respectively, were calculated. The
same calculations were also performed after adjusting each
dermal temperature registration with the average tempera-
ture deviation (from rectal temperature) for the method.

All analyses were performed in SPSS (IBM Corp.,
Version 23.0. Armonk, NY). Data are presented as mean-
± standard deviation (SD) if not stated otherwise.

Ethical consideration

The study was conducted according to the local institution�s
ethical requirements and was approved by the Regional
Board for Ethical Vetting, Uppsala (ethical approval number
2016/321).

Results

The mean age of the 15 participants was 68.7 ± 17.1 years,
and 7/15 (47%) were female. The Quest Temp Sitter therm-
ometer malfunctioned repeatedly, and the results regarding
this thermometer should be assessed with caution due to
the small number of analyzed measurements.

The iThermonitor thermometer had the strongest correl-
ation to the rectal thermometer Terumo c405 (r¼ 0.79;
r2¼ 0.62; p¼ .000), compared with Feversmart
(r¼ 0.75; r2¼ 0.56; p¼ .000), Thermochron iButton
(r¼ 0.71; r2¼ 0.50; p¼ .000), and Quest Temp Sitter
(r¼ 0.29; r2¼ 0.084; p¼ .121; Figure 1 and Table 1).

All dermal thermometers rendered lower average temper-
atures than Terumo c405 (Feversmart �0.70 ± 0.65 �C;
iThermonitor �0.77 ± 0.53 �C, Quest Temp Sitter
�1.18 ± 0.66 �C, and Thermochron iButton �0.87 ± 0.65 �C),
which was reflected in the low coefficients in the regression
formulas (Table 1). Due to the tendency of rendering lower
measurements, the sensitivity was low for detecting tem-
perature elevations �37.6 �C and �38.0 �C, ranging from
0.43 to 0.6 and 0.33 to 0.6, respectively. This tendency also
made the specificity generally high, ranging from 0.96 to

Figure 1. Comparison between the four dermal thermometers (Feversmart, iThermonitor, Quest Temp Sitter, and iButton) and the rectal thermometer Terumo
c405. Temperatures measured with each thermometer are plotted against the temperatures simultaneously measured with the rectal thermometer. Number of
measurements plotted in each graph differs because of missing data at specific occasions.
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1.00 and 0.97 to 1.00 for temperatures �37.6 �C and
�38.0 �C, respectively. In an effort to correct for the system-
atic underestimation, all dermal temperature recordings
were increased by a number equal to the methods’ average
underestimation (Feversmart 0.70 �C; iThermonitor 0.77 �C,
Quest Temp Sitter 1.18 �C, and Thermochron
iButton0.87 �C), and sensitivity and specificity were calcu-
lated anew. This improved the sensitivity (range 0.62–0.90
for �37.6 �C and range 0.60–0.80 for �38.0 �C) and slightly
lowered the specificity (range 0.72–0.92 for �37.6 �C and
range 0.93–0.94 for �38.0 �C; Table 1).

We hypothesized that the difference between a given der-
mal thermometer and the rectal thermometer would be rela-
tively stable within the same patient, and in other words
that the dermal thermometers were more suited to follow
temperature trends within specific individuals rather than
measuring absolute temperatures. To investigate this, each
individual’s dermal and rectal temperature recordings were
normalized, and correlations calculated anew. The normal-
ization was done by computing the average temperature for
each individual and each registration method, and subse-
quently subtracting this average from each temperature
recording. This resulted in a positive or negative number,
either indicating that the specific measurement was above or
below the patient’s average for the specific measurement
method. In contrary to our expectations, correlations
between the dermal thermometers and Terumo c405 were
even lower after this normalization, ranging from 0.029 to
0.65 (Table 1).

Questionnaires

Five of the first eight subjects completed the evaluating
questionnaire. On the discomfort evaluation scale (from 0 to
10; 0 meaning not uncomfortable and 10 most uncomfort-
able), two subjects ranked the thermometers as 0, two
ranked them as 2, and one ranked them as 3. All subjects
felt that the thermometers were more or less comfortable,
but some commented that the adhesive tapes were weak.

Protocol violations

One of the subjects had to discontinue the data collection
because of need for telemetric ECG monitoring and another
patient discontinued data collection because of the need for

a radiologic examination. In these cases, one measurement
was performed with each thermometer. Loss of connection
between the dermal thermometers and the mobile devices
led to instances of missed temperature measurements. The
Quest Temp Sitter system malfunctioned most frequently in
this manner. The total number of temperature measure-
ments for analysis varied for each thermometer, with a total
of 44 available temperature measurements for FeverSmart,
45 for iThermonitor, 18 for Quest Temp Sitter, and 51 for
Thermochron iButton.

Discussion

This is the first study concurrently evaluating several com-
mercial wireless dermal thermometers for continuous use by
comparing them with a conventional rectal thermometer.
The correlation between three of the evaluated thermome-
ters and the rectal thermometer was moderate, with Pearson
correlation r-values above 0.7, while the fourth thermometer
– Quest Temp Sitter – malfunctioned too often to enable a
proper evaluation in the current study. The average differ-
ence compared to the rectal temperature was, as expected
considering that the thermometers measured skin tempera-
ture, negative and of significant magnitude, ranging from
0.70 to 1.18 �C for the different devices. Such difference is
not necessarily a problem if the correlation is high, since
cut-off values can be changed to increase the detection of
fever. This was tested in the sensitivity analyses where the
average bias was added to the dermal thermometer registra-
tions. However, since the correlation was relatively low for
all thermometers, the sensitivity/specificity profile could
only be optimized to a limited degree by changing the cut-
offs. The most favorable sensitivity/specificity profile for
temperature �38.0 �C in the current study was found by
adding the average bias of 0.70 to the Feversmart and 0.77
to the iThermonitor registrations (in both cases sensitivity
was 0.80 and specificity 0.93).

At the outset, we supposed that the difference between a
given dermal thermometer and the rectal thermometer
would be relatively stable within the same patient, and in
other words that the dermal thermometers could be more
suited to monitor temperature trends within specific indi-
viduals rather than measuring absolute temperatures. It was,
however, clear from the normalized correlation analyses that
the dermal thermometers were only marginally superior in

Table 1. Comparisons between the dermal thermometers and Terumo c405.

Total number
of
measurements

Average
deviation from
Terumo c405
mean ± SD [�C]

Correlation
value r (r2)

After
normalization:
Correlation
value r (r2)

Regression
Formula
(T¼Terumo
c405
measurement)

Sensitivity and
specificity for
temperature
�37.6 �C

Sensitivity and
specificity for
temperature
�38.0 �C

After correction
for average
deviation:
Sensitivity and
specificity for
temperature
�37.6 �C

After correction
for average
deviation:
Sensitivity and
specificity for
temperature
�38.0 �C

FeverSmart 44 �0.70 ± 0.65 0.75 (0.56) 0.65 (0.42) 0.86�Tþ 4.46 0.60; 0.96 0.60; 0.97 0.70; 0.92 0.80; 0.93
iThermonitor 45 �0.77 ± 0.53 0.79 (0.62) 0.25 (0.064) 0.80�Tþ 6.94 0.45; 1.00 0.33; 1.00 0.90; 0.72 0.80; 0.93
Quest

Temp Sitter
18 �1.18 ± 0.66 0.29 (0.084) 0.029 (0.00085) 0.55�Tþ 15.7 �NA �NA �NA �NA

iButton 51 �0.87 ± 0.65 0.71 (0.50) 0.44 (0.19) 0.78�Tþ 7.58 0.43; 1.00 0.40; 1.00 0.62; 0.77 0.60; 0.94
�Sensitivity and specificity could not be calculated for Quest Temp Sitter, and the corresponding cells are therefore marked NA (not applicable).
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following individual trends than in assessing absolute tem-
peratures. In case of superiority, the correlations analysis
following the normalization procedure had rendered much
higher r-values.

Before concluding whether any of the thermometers are
suitable for gauging core temperature in clinical research,
some practical aspects need to be accounted for. First of all,
the fact that the dermal thermometer systems were not safe
to use along with other medical equipment, including ECG-
surveillance and radiologic examinations (even though
Thermochron iButtonwas not explicitly stated to be dis-
turbed by radiologic examinations), is a major drawback.
The devices were both sensitive for disturbances and risked
interfering with other equipment. Despite measures to min-
imize disturbances, several measurements were lost, and the
most sensitive device in this regard was the Quest Temp
Sitter. Second, the thermometers need close contact to the
skin to be able to measure body temperature properly. Even
though the measurement area was cleaned and shaved,
some of the adhesive tapes loosened, leading to poor contact
and affecting the temperature readings. The Quest Temp
Sitter thermometer was the most sensitive regarding this.
An interesting observation was that bedridden and obese
patients tended to have better more reliable dermal therm-
ometer readings, possibly because of decreased risk that the
thermometer would fall off or be displaced. Third, it merits
emphasis that the success of the readings to a high degree
depended on subject compliance. For example, to optimize
measurement conditions the arm needed to be close to the
body, which is much to ask from a patient. Fourth, the soft-
ware for logging the temperatures differed regarding suit-
ability for research use. Most notably, the application for
the Quest Temp Sitter was not user friendly, and lacked the
needed decimal information on the temperature readings.

The major drawback of the dermal thermometers as sur-
rogate measures of core temperature is their low correlation
to rectal temperature. This combined with their potential
incompatibility with medical equipment makes them sub-
optimal for clinical research, and potentially hazardous for
use in clinical practice. The fact that the thermometers were
convenient had a good tolerability and provided continuous
(or at least very frequent) measurements do not represent
sufficient advantages to merit their use in clinical research.
However, there are few other attractive options for non-
invasive, continuous measurements of temperature. If der-
mal thermometers are used, their shortcomings should be
kept in mind. Amongst the thermometers we tested, the
Feversmart and iThermonitor systems performed best due
to relatively high sensitivity and robustness. It should be
emphasized that the current study evaluated the dermal
thermometers for their ability to gauge core temperature,
and it could be argued that it from the outset was obvious
that skin temperature would differ from core temperature.
The results would reasonably have been different if the der-
mal thermometers had been compared to a gold standard
dermal temperature measurement, but this was not the pur-
pose of the paper. Our reason for comparing the dermal
thermometers to core temperature was that core

temperature generally is the clinically most interesting vari-
able, as is reflected in the multitude of studies investigating
the correlation between skin, ear and oral temperature and
core temperature in similar fashion as in the current
study [10–12].

Even though this type of dermal thermometers has been
used in research, surprisingly no previous study has tested
their correlation to core temperature. However, extensive
studies have evaluated the validity of temperature measure-
ments in the axilla, the location chosen in the current study.
Most of the research shows, in concordance with the current
results, that axillary methods have a low agreement with
rectal methods [11]. It has also been shown that axillary
temperature on average is 0.5 �C lower than the rectal tem-
perature, a difference that was even higher in the current
study [10]. Further, it has been reported, and is confirmed
in the current study, that the difference between dermal and
rectal temperature is not consistent, but influenced by the
time of day and other factors [10–12]. These inconsistencies
in the average difference and the difficulty to adjust axillary
temperature to rectal temperature has led to the conclusion
that axillary methods are not an acceptable substitution for
the rectal method, which is supported by the current
results [13].

Study limitations

We have identified the following limitations of the current
study. The subjects were left without supervision and there-
fore the conditions for each temperature measurement var-
ied depending on patient compliance. For example, patient
clothing and usage of blankets were not standardized, since
patients had to be able to choose what they thought was
most comfortable during the 24 h under which the measure-
ments took place. A more strict supervision could have
improved performance, but may have hampered generaliz-
ability to less controlled conditions. Further, we aimed to
include only 60 registrations from 15 subjects, and a larger
material may have slightly affected the results. Another
shortcoming is that we in the analysis treated the measure-
ments as independent observations, which they in a strict
sense are not since each patient contributed with up to four
measurements. Also, our evaluation of the dermal thermom-
eters in the current study were focused on the exact time-
points on which rectal temperatures were concurrently
measured, which does not take the potential benefits of con-
tinuous measurements into account. Further, we did not
take into account that temperatures theoretically may differ
between dominant and non-dominant arm. However, we
are not aware of any publication showing that such a differ-
ence exists. After initiating the study, we understood that at
least the hardware in the iThermonitor and Feversmart sys-
tems were essentially identical (and even had the same
model number). However, since the results from the two
differed slightly, and we are unsure whether the companies
have done relevant alterations in the software, we let the
two analyses remain separately presented. The main strength
of the study is that it was performed in real patients in a
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clinical setting, making the results highly relevant regarding
the clinical research situation. Moreover, the fact that all
thermometers were concurrently tested in the same patients,
all in the axillary region, vouches for good comparability
between the method evaluations.

Conclusions

The dermal thermometers tested here are probably not reli-
able and accurate enough for most types of clinical research.
Other options for non-invasive temperature measurements
are, however, few. The two thermometers with the least
unsatisfactory performance profile in our evaluations were
the Feversmart and iThermonitor systems.

Ethical approval

The Regional Ethical Board in Uppsala granted the ethical
application including its complementary application (ethical
approval number 2016/321).

Disclosure statement

No potential conflict of interest was reported by the authors.
Jakob O. Str€om has received consultant fee for participation in an
Advisory Board for Bayer AB in 2016.

Acknowledgments

The authors gratefully acknowledge the contribution of the staff in the
Neurology and Infection wards at the University Hospital in €Orebro,
and the expert advice of Daniel Wilhelms regarding choice of reference
thermometer. This study was supported by Region €Orebro L€an.

References

[1] Lu SH, Dai YT, Yen CJ. The effects of measurement site and
ambient temperature on body temperature values in healthy

older adults: a cross-sectional comparative study. Int J Nurs
Stud. 2009;46:1415–1422.

[2] Uleberg O, Eidstuen SC, Vangberg G, et al. Temperature meas-
urements in trauma patients: is the ear the key to the core?
Scand J Trauma Resusc Emerg Med. 2015;23:101.

[3] Lu SH, Dai YT. Normal body temperature and the effects of
age, sex, ambient temperature and body mass index on normal
oral temperature: a prospective, comparative study. Int J Nurs
Stud. 2009;46:661–668.

[4] Lefrant JY, Muller L, de La Coussaye JE, et al. Temperature
measurement in intensive care patients: comparison of urinary
bladder, oesophageal, rectal, axillary, and inguinal methods ver-
sus pulmonary artery core method. Intensive Care Med. 2003;
29:414–418.

[5] Varney SM, Manthey DE, Culpepper VE, et al. A comparison
of oral, tympanic, and rectal temperature measurement in the
elderly. J Emerg Med. 2002;22:153–157.

[6] Huggins R, Glaviano N, Negishi N, et al. Comparison of rectal
and aural core body temperature thermometry in hyperthermic,
exercising individuals: a meta-analysis. J Athl Train. 2012;47:
329–338.

[7] van Marken Lichtenbelt WD, Daanen HAM, Wouters L, et al.
Evaluation of wireless determination of skin temperature using
iButtons. Physiol Behav. 2006;88:489–497.

[8] James CA, Richardson AJ, Watt PW, et al. Reliability and valid-
ity of skin temperature measurement by telemetry thermistors
and a thermal camera during exercise in the heat. J Therm
Biol. 2014;45:141–149.

[9] Hasselberg MJ, McMahon J, Parker K. The validity, reliability,
and utility of the iButtonVR for measurement of body tempera-
ture circadian rhythms in sleep/wake research. Sleep Med.
2013;14:5–11.

[10] Stine CA, Flook DM, Vincze DL. Rectal versus axillary temper-
atures: is there a significant difference in infants less than 1
year of age? J Pediatr Nurs. 2012;27:265–270.

[11] Dzarr AA, Kamal M, Baba AA. A comparison between infrared
tympanic thermometry, oral and axilla with rectal thermometry
in neutropenic adults. Eur J Oncol Nurs. 2009;13:250.

[12] Rubia-Rubia J, Arias A, Sierra A, et al. Measurement of body
temperature in adult patients: comparative study of accuracy,
reliability and validity of different devices. Int J Nurs Stud.
2011;48:872–880.

[13] Taylor NA, Tipton MJ, Kenny GP. Considerations for the
measurement of core, skin and mean body temperatures.
J Therm Biol. 2014;46:72–101.

6 H. ZSUZSANNA BALLA ET AL.


	Abstract
	Background
	Methods
	Design, subjects, and setting
	Instruments
	Data collection procedure
	Statistical analysis
	Ethical consideration

	Results
	Questionnaires
	Protocol violations

	Discussion
	Study limitations

	Conclusions
	Ethical approval
	Disclosure statement
	Acknowledgments
	References


