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� Abstract—Background: There is concern that the values
provided by devices using infrared thermometry in emer-
gency departments (EDs) do not reflect body core tempera-
ture accurately. Objectives: Evaluation of three thermome-
ters commonly used in the ED. Methods: Two infrared ear
thermometers and an infrared forehead thermometer were
evaluated using 1) the Voltcraft IRS-350 calibration device,
2) comparing temperature values to a rectal end-exercise
temperature (T-RECT) of 38.1 °C in 12 participants, and
3) comparing temperature values to rectal temperature in
133 ED patients. Results: Calibration across the human core
temperature range revealed that the ear thermometers un-
derestimated radiant temperature by 0.77 ± 0.39 °C and 1.84
± 0.26 °C, respectively, whereas the forehead thermometer
overestimated radiant temperature by 0.90 ± 0.51 °C. After
cycling exercise, all thermometers underestimated T-RECT
(0.54 ± 0.27 °C and 1.03 ± 0.48 °C for the ear thermome-
ters and 1.14 ± 0.38 °C for the forehead thermometer). In
the ED, the ear thermometers underestimated T-RECT by
0.31 ± 0.37 °C and 0.46 ± 0.50 °C, whereas the forehead ther-
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mometer exhibited a nonsignificant overestimation of 0.04
± 0.46 °C. If the threshold for fever in all systems had been
set to 37.5 °C instead of 38.0 °C, the sensitivity and speci-
ficity of the systems for real fever (T-RECT ≥ 38 °C) are,
respectively, 71% and 96% (ear thermometer 1), 57% and
97% (ear thermometer 2), and 86% and 90% (forehead ther-
mometer). Conclusion: We conclude that the investigated
thermometers are not reliable as devices to measure radiant
temperature, cannot be used to assess body core tempera-
ture during exercise, but may be used as a screening device,
with 37.5 °C as a threshold for fever in emergency care set-
tings. © 2023 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license
( http://creativecommons.org/licenses/by/4.0/ ) 

� Keywords—thermometry; tympanic temperature; fever;
arteria temporalis; thermometer; exercise; calibration 

Introduction 

The human body’s temperature is significantly influenced
by ambient conditions, whereas the temperature of the
body core (brain, heart, lungs, and intestines) remains
relatively unaffected by environmental factors ( 1 ). Body
core temperature determination in hospital emergency set-
tings is essential to assess the presence of fever. Fever is
ber 2023; 
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a complex physiologic response triggered by infectious
or aseptic stimuli and defined as a body core temperature
exceeding 38.0 °C. When fever has been established, the
source of the temperature increase can be diagnosed and
treated accordingly. 

Hospitals use a wide variety of measurement devices
to determine the body core temperature. In academic hos-
pitals in The Netherlands, the most common systems are
based on infrared measurements in the ear canal or the
forehead, because these systems are easy to use. However,
the reliability and validity of those systems is challenged
( 2–8 ). This may result in any necessary treatments being
delayed or not being started at all, with all its conse-
quences. Also, we received indications from emergency
personnel in hospitals that the readings of the infrared
systems they used did not always comply with rectal mea-
surements, used as a check. Therefore, we sought to test
the accuracy and validity of temporal artery and tympanic
measurements. The total measurement error is usually ex-
pressed as bias ± 2 SD, determining the 95% limits of
agreement (LoA) between a measure and its reference.
The acceptable LoA depend on the purpose and condi-
tions of the measurement. In general, a 95% LoA of <
±0.5 °C is proposed as acceptable for spot checks like
fever detection ( 9 ). Similarly, a good rule of thumb for
the level of accuracy that is clinically necessary and that
has been used in many studies, is that the inaccuracy of a
thermometer should not exceed 0.5 °C ( 10 ). 

A previous study established that infrared tympanic
measurement systems underestimate rectal temperature
(T-RECT) and thus fail to detect patients with fever (T-
RECT ≥ 38 °C) ( 11 ). They proposed to set the threshold
for fever of the tympanic measurements to 37.5 °C in-
stead of 38.0 °C to reduce the number of missed fevers,
but obviously to the expense of more false positives. In
our study, we also evaluated this threshold change and
also determined if the underestimation might be due to
inherent calibration errors in the infrared measurement
systems. 

Therefore, we decided to perform three experiments
to evaluate the systems, ranging from basic accuracy to
practical validity. To establish the accuracy, the three de-
vices were calibrated using a certified infrared calibration
system to determine if the devices measured the infrared
radiation correctly. Second, we conducted a laboratory ex-
periment in which we maintained a fixed T-RECT after
cycling exercise and measured the body core temperature
using the three infrared devices. This helped us determine
the extent of deviation under controlled simulated fever
conditions. Exercise is a less invasive way to change body
core temperature than inflicting fever, and can be better
controlled at fixed T-RECT values. Third, we performed
measurements in patients at the emergency department
(ED) that were suspected for infection after triage. 
The first hypothesis was that the three devices would
accurately measure the radiant temperature with a devia-
tion of < 0.5 °C from the actual radiant temperature. The
second hypothesis was that the three systems would un-
derestimate the end-exercise rectal temperature by more
than 0.5 °C due to factors such as the ear thermometers
capturing not only the tympanic membrane but also the
surrounding ear canal wall, and sweating of the forehead
reducing the temperature of the skin covering the tempo-
ral artery ( 12 , 13 ). The third hypothesis was that the three
systems would underestimate the reference rectal tem-
perature in emergency care settings by more than 0.5 °C
( 11 , 13 ). 

Methods 

Temperature Measurement Systems 

Three systems in use in academic hospitals in Gronin-
gen, Leiden, and Amsterdam were evaluated: the Braun
Thermoscan® PRO 6000 (Welch Allyn, Skaneateles
Falls, NY) and Genius 3 (Cardinal Health, Dublin, OH)
aiming for the tympanic membrane, and Exergen TAT-
5000S-RS232 (Exergen, Watertown, MA) aiming at the
temporal artery. 

Calibration 

Two samples of the Genius, Braun, and Exergen ther-
mometers were calibrated using the Voltcraft IRS-350
(Voltcraft, Hirschau, Germany), a blackbody infrared cali-
brator with an emission coefficient of 0.95. This emission
coefficient closely resembles the human skin and is in-
dependent of skin tone ( 14 , 15 ). The Genius has multiple
measuring modes: rectal, ear, or oral. The ear mode is the
unadjusted mode and was used during the calibration and
during the protocol. For the calibration, the Genius and
Braun were held in front of the calibrator, whereas the
Exergen was slid from left to right in front of the cali-
brator. The thermometers were calibrated from 36 °C to
41 °C, with a 0.5 °C interval. On every calibration point,
the average of two measurements for each thermometer
was noted. 

Participants Exercise Study 

Nine men and three women participated in the study.
The mean age of the participants was 22 ± 3 years, the
mean weight was 77.1 ± 14.8 kg, and mean height was
179 ± 9 cm. All participants signed an informed consent
form. The study was approved by the local ethical com-
mittee (approval number VCWE-2021-075). 
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Exclusion criteria for this experiment were: age
younger than 18 years, pregnancy, heart and vascular dis-
eases, congenital or acquired anomaly of the external
auditory meatus, and diseases of the ear. None of the pa-
tients used medication that might affect thermoregulation.
Participants were instructed to wear sports clothing, that
is, a t-shirt, shorts, and sneakers. 

Procedures Exercise Study 

The experiment took place in the Human Perfor-
mance Laboratory of Vrije Universiteit Amsterdam.
Core temperatures were measured with a Mon-a-Therm
400TM temperature probe (rectal) (Medtronic, Min-
neapolis, MN), the Genius 3, the Braun ThermoScan
PRO 6000, and the Exergen TAT-5000S. For each of the
thermometers (with exception of the disposable rectal
thermometer), two samples were made available and were
used intermittently during the trials balanced across sub-
jects. 

The participant inserted the rectal thermometer ap-
proximately 15 cm beyond the anal sphincter. The rectal
sensor was connected with a DT830B digital multime-
ter (All-Sun, Zhangzhou, China) to read the resistance,
which was converted to temperature. The Genius 3 and
the Braun ThermoScan PRO 6000 were used to measure
the tympanic temperature in the left and right ear, whereas
the Exergen TAT-5000S measured the temperature of the
arteria temporalis. The corresponding user manuals were
studied carefully in advance. The Exergen was moved
over the skin from the center of the forehead to either
hairline with the measure button pressed during the move-
ment. 

The participants cycled on a Lode Excalibur ergometer
(Lode, Groningen, The Netherlands), starting with a 10-
min warming-up phase at 1 W/kg body weight. The load
increased every 2 min by 0.2 W/kg bodyweight, with cy-
cling terminated 5 min after reaching a rectal temperature
of 38.0 °C. After warm-up, measurements were conducted
each 2 min. Participants were free to choose the cadence.
Participants were instructed not to wipe off sweat from
their foreheads and were not allowed to drink during cy-
cling. 

Participants ED Study 

The study population consisted of 133 patients admit-
ted to the ED of Amsterdam University Medical Centers
between May and September 2022, whose temperature
had to be measured in accordance with the applied triage
protocol appropriate to the entry complaint or at the re-
quest of the attending physician. The mean age of the
participants was 61 ± 17 years, the mean weight was 79.5
± 17.5 kg, and mean height was 173 ± 11 cm. Patients
were not checked for medication. 

We used G∗Power version 3.1 to calculate the re-
quired number of test subjects. The manuals of the in-
vestigated systems reported an accuracy of ±0.2 °C for
Braun (Braun ThermoScan® PRO6000, Product/sales
literature 901083, 2005; Kaz USA Inc., Marlborough,
MA) and ±0.1 °C for Exergen (Exergen Document p/n
818641r5, 2021). The accuracy of the Genius is reported
as ±0.1 °C (Cardinal Health User Manual 03/2018 –
H9950 – WF#776288). Based on these values, a desired
accuracy of 0.12 °C was chosen for the statistical power
analysis. Calculations were made with a SD of 0.49 °C,
based on a small trial set. This gave an effect size (Co-
hen’s d) of 0.245. Calculations were made with an alpha
of 0.05 and a power of 0.8. This showed that the number
of participants required was 133. 

Participants had to meet the following criteria to be in-
cluded in this study: participants had to be 18 years or
older; measurement of temperature had to be necessary
according to the applied triage protocol, it was required
to have proficiency in Dutch or English language, or to
be accompanied by an (in)formal caregiver proficient in
these languages. Participants who met any of the fol-
lowing criteria were excluded: inability to give consent
due to life-threatening situations or reduced conscious-
ness; incapacitated patients (i.e., patients who did not
understand the information about their illness, could not
decide for themselves, or did not understand the conse-
quences of a decision); pregnancy; congenital or acquired
anomaly of the external auditory meatus diseases of the
ear; participants with hemorrhoids to avoid discomfort
and possible bleeding during rectal measurements. The
study was approved by the Medical Ethical Commission
of Amsterdam University Medical Centers under number
NL79962.018.22. 

Procedures ED Study 

Prior to the measurements, the student researchers per-
formed preparatory work for 5 consecutive days at Vrije
Universiteit Amsterdam to improve interobserver agree-
ment. Besides, these practicing days were necessary to
become familiar with the testing methods, avoiding any
inconvenience during the measurements in the hospital.
Five days of training improved interobserver variability
from 0.19 °C to 0.14 °C. 

The participants were asked to estimate their height
and weight. Previous research with 562 Dutch men and
695 Dutch women, representative of the Dutch popula-
tion, showed that the self-reports correspond well with
actual height and weight, indicating that our research
population is an unbiased representation of the Dutch pop-
ulation ( 16 ). 
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Figure 1. Calibration results: values from Voltcraft IRS-350 
system on horizontal axis and values of two Braun Ther- 
moscan® PRO 6000, Genius 3, and Exergen TAT-5000S- 
RS232 systems on vertical axis. 

Figure 2. Mean temperature and 95% confidence interval 
end exercise for rectal temperature, Braun Thermoscan®
PRO 6000, Genius 3, and Exergen TAT-5000S-RS232 systems 
for left (L) and right (R) side of body. n = 12. $ = different 
between L and R. 

 

 

 

 

 

 

 

 

 

 

 

 

Upon a patient’s arrival at the ED, specialized nurs-
ing staff conducted triage. If the triage protocol or the
request of the emergency physician necessitated a temper-
ature measurement for further treatment determination,
the triage nurse explained the ongoing thermometry va-
lidity research to the patient. The nurse then sought the
patient’s consent for participation in the study. After ob-
taining consent, a student researcher approached the pa-
tient and asked if they were able to perform the rectal
measurement themselves using the Thermoval® Rapid
thermometer (Hartmann, Heidenheim, Germany). If this
was not possible, a nurse performed the rectal measure-
ment. The tip of the thermometer was inserted 2 cm
into the rectum. This measurement took about 10–15 s.
The other six temperature measurements (Braun, Genius,
and Exergen, left and right) were performed in random
order in accordance with the respective manuals. Dispos-
able caps for all thermometers were replaced after every
patient. Ambient temperature was not measured, but esti-
mated at about 20 °C. 

Data Processing 

The data were analyzed using Statistica ( 17 ). Nor-
mality of the data was assessed using the Kolmogorov-
Smirnov test. Left-right differences per infrared device
(Braun, Genius, Exergen) and the difference between rec-
tal temperature and each infrared device were analyzed
using t -tests. In cases where no difference between left
and right was observed, the data were pooled. Signifi-
cance level was set at p < 0.05. 

Results 

Calibration 

Figure 1 shows the results of the calibration. Braun
and Genius underestimated radiant temperature by 0.77
± 0.39 °C and 1.84 ± 0.26 °C, respectively, and Exergen
overestimated radiant temperature (0.90 ± 0.51 °C) ( p <

0.001, t -test for single means). 

Exercise Study 

The mean temperatures of all systems at the end of
exercise are shown in Figure 2 . All temperatures were
normally distributed ( p > 0.05). Rectal temperature av-
eraged 38.1 ± 0.2 °C. Braun temperatures did not differ
between left and right, values were 37.6 ± 0.3 °C for both
sides. Genius temperatures also did not differ between left
and right with 37.0 ± 0.5 °C and 37.1 ± 0.5 °C, respec-
tively. The Exergen temperature was significantly higher
on the left than the right side ( p = 0.01) with values of
37.2 ± 0.4 °C and 36.7 ± 0.4 °C, respectively. Differences
between rectal temperature and the temperature of each of
the three investigated systems differed significantly from
0 ( p < 0.001, t -test for single means). 

ED Study 

Braun, Genius, and Exergen values did not signifi-
cantly differ between left and right ( p > 0.05) and were
therefore combined in the analysis. All temperatures were
normally distributed ( p > 0.05). Rectal temperature had a
range of 35.4 °C to 39.4 °C (mean 37.03 ± 0.60 °C). The
overall average difference from rectal temperature was
−0.31 ± 0.37 °C (Braun), −0.46 ± 0.50 °C (Genius), and
0.04 ± 0.46 °C (Exergen). Seven patients had a rectal tem-
perature ≥ 38 °C and were classified as fever patients.
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Table 1. Mean Temperatures ( ± Standard Deviation) of Rectal Temperature, Braun Thermoscan® PRO 

6000, Genius 3, and Exergen TAT-5000S-RS232 Systems for Patients Without Fever (2nd Column) 
and with Fever (3rd Column), and Differences Between Rectal Temperature and Braun, Genius, 
and Exergen Temperature for Patients Without Fever (4th Column) and with Fever (5th Column). 

No Fever 
(n = 126) 

No Fever 
� Rectal 
(n = 126) 

Fever 
(n = 7) 

Fever 
� Rectal 
(n = 7) 

Rectal 36.95 ± 0.48 38.54 ± 0.54 

Braun 36.65 ± 0.45 

∗ −0.30 ± 0.37 

∗ 38.02 ± 0.68 −0.52 ± 0.34 

Genius 36.49 ± 0.61 

∗ −0.46 ± 0.49 

∗ 38.02 ± 1.03 −0.52 ± 0.70 

Exergen 37.02 ± 0.41 0.07 ± 0.43 38.00 ± 0.63 −0.54 ± 0.62 

∗ Indicates significant differences from rectal temperature. 

Figure 3. Braun Thermoscan® PRO 6000, Genius 3, and 

Exergen TAT-5000S-RS232 temperature values minus rectal 
temperature plotted against rectal temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 and Table 1 show the measurement data for the
fever and nonfever group separately. 

The ear thermometers significantly underestimated
rectal temperature for the nonfever group ( p < 0.001). The
Exergen values were not different from rectal temperature
measurements in this group ( p > 0.05). The seven subjects
with fever (rectal temperature ≥ 38 °C) had values that
were 0.52 ± 0.34 °C (Braun), 0.52 ± 0.70 °C (Genius), and
0.54 ± 0.62 °C (Exergen) lower than rectal temperature.
There was no significant difference from rectal tempera-
ture ( p > 0.05). 

Discussion 

The first hypothesis was that the three devices would ac-
curately measure radiant temperature with a deviation of
< 0.5 °C from the actual radiant temperature. This hypoth-
esis has to be rejected; values were systematically higher
(Exergen) or lower (Braun and Genius) than the values of
the Voltcraft IRS-350 calibration system. Ambient con-
ditions during calibration were in line with International
Organization for Standardization standard IEC 80601-2-
59 within the ambient temperature range of 18 °C to 24 °C
and humidity range of 10% to 75% ( 18 ). The Voltcraft
IRS-350 calibration source has a display step size of
0.1 °C, a temperature range of 50–350 °C, an accuracy of
±0.5 °C at 100 °C, and a stability of ±0.1 °C at 100 °C.
Even though our temperature settings of 36–41 °C were
outside the specified range of 50–350 °C, the values ex-
actly matched the values read by the FLIR TC-167 camera
(FLIR Systems Inc., Wilsonville, OR) with a resolution
of 0.1 °C and accuracy of ±1.5 °C. Also, the temperature
was stable within 0.1 °C for the black radiator surface area.
We concluded that the investigated three systems do not
accurately measure radiation temperature. The standards
related to assess body core temperature mainly refer to
measurement of the inner cantus of the eye for body core
temperature assessment, a method that has been shown
not to be accurate ( 18–21 ). ASTM standards (ASTM In-
ternational, West Conshohocken, PA) related to infrared
thermometry are applicable in the United States, but not
in Europe ( 22 , 23 ). 

The second hypothesis was that the three systems
would underestimate the rectal temperature after exer-
cise by more than 0.5 °C. This hypothesis is confirmed.
All systems showed a significant underestimation (0.54
± 0.27 °C Braun, 1.03 ± 0.48 °C Genius, 1.14 ± 0.38 °C
Exergen). It was remarkable that the Exergen values dif-
fered between the left and right side of the forehead (37.2
± 0.4 °C and 36.7 ± 0.4 °C, respectively). A possible ex-
planation may be that the measurer was standing at the
right side of the body and may have moved the measuring
device differently over the left and right forehead. From
an anatomical point of view, no differences were expected
between the left and right temporal artery. The underesti-
mation of infrared ear thermometers is reported prior and
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may be related to the fact that the device does not only
see the tympanic membrane, but also the surrounding ear
canal wall that is generally colder ( 12 ). The underestima-
tion of the Exergen system may be related to evaporating
sweat at the forehead that reduces the temperature of the
skin covering the temporal artery ( 13 ). Thermal capsules
for exercise body core temperature assessment are a good
alternative for rectal temperature in operational settings
( 24–27 ). Heat flux systems for core temperature assess-
ment during exercise have been shown to have an offset
with rectal temperature, but may be used after correction
( 28 ). 

The third hypothesis was that the three systems would
underestimate rectal temperature in emergency care set-
tings by more than 0.5 °C. This hypothesis was confirmed
for the ear thermometers, but not for Exergen. For the 7
patients with fever, all systems showed about 0.5 °C lower
mean temperatures than rectal, with considerable stan-
dard deviations ranging from 0.34 °C (Braun) to 0.70 °C
(Genius). Based on similar findings, Mogensen et al. sug-
gested setting the threshold for fever 0.5 °C lower for these
devices ( 11 ). When we performed the same shift for our
systems, the results show sensitivity ranging from 57%
to 86% and high specificity of 90–97% ( Table 2 ) ( 11 ).
It was previously discussed that tests can be considered
useful when the sum of sensitivity and specificity exceeds
150%, which was the case in our study for all investigated
systems ( 29 ). We performed an analysis for thresholds of
37.1 °C to 38.0 °C in steps of 0.1 °C that showed that the
sum of sensitivity and specificity peak at 166% for thresh-
olds of 37.1 °C to 37.5 °C. The highest value was for the
Braun system, with 182% for a threshold of 37.5 °C. 

In clinical settings there is a strong need for fast
and accurate body core temperature assessment. Life-
threatening bacterial infections are accompanied by
strong increases in body core temperature and should be
treated accordingly. Although the investigated infrared
devices have been shown not to meet the ±0.5 °C thresh-
old for (clinical) accuracy, they may be used in screening
protocols. The high specificity that we observed in our
study means that application of the revised threshold for
fever of 37.5 °C using the three devices, leads to the elim-
ination of the major part of the population without fever.
However, because the sensitivity of the investigated ther-
mometers may be as low as 57%, it may be considered to
lower the threshold to 37.3 °C, realizing that the specificity
will then be reduced. To overcome low specificity, we rec-
ommend obtaining a rectal temperature if the threshold of
37.3 °C is reached with one of these three thermometers. 

Limitations 

The number of subjects with fever in our ED study was
low, but the findings are in general agreement with the pre-
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vious study in which 41 patients with fever were included
( 11 ). The lower sensitivity in our study may be related to
the small number of subjects in our study with fever. 

Ambient temperature was not measured in the ED dur-
ing the experiment, but measurements later confirmed that
the temperatures were close to 20 °C. 

Conclusions 

We conclude that the investigated thermometers are not
reliable as devices to measure radiant temperature; they
cannot be used to assess body core temperature during ex-
ercise, but may be used as a screening device with 37.5 °C
as a threshold for fever in emergency care settings. 
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