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SUMMARY 
 
Evaluation of body temperature is one of the oldest known diagnostic methods and still is an important 
sign of health and disease, both in everyday life and in medical care. In clinical practice, assessment 
and evaluation of body temperature has great impact on decisions in nursing care as well as the 
laboratory test ordered, medical diagnosis and treatment. The definition of normal body temperature 
as 37° C and fever as > 38° C still is considered the norm world- wide, but in practice there is a 
widespread confusion of the evaluation of body temperature. When assessing body temperature, we 
have to consider several “errors”, such as the influence of normal thermoregulation, gender, ageing 
and site of measurement. Actually, there is a lack of evidence for normal body temperature as 37°C, 
due to inter- and intra-individual variability. In addition, as normal body temperature shows individual 
variations, it is reasonable that the same should hold true for the febrile range. By tradition, the oral 
and axillary readings are adjusted to the rectal temperature by adding 0.3° C and 0.5°C, respectively. 
However, there is no evidence for adjusting one site to another, i.e. no factor does exist which allows 
accurate conversion of temperatures recorded at one site to estimate the temperature at another site. 
This raises the question about accuracy in measurement of body temperature. What precision can we 
expect in clinical practice? How is the unadjusted variation of body temperature in different sites 
related to health and disease? Taken together, it is time for a change when assessing and evaluating 
body temperature in clinical practice. 
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1. INTRODUCTION  

 
In clinical practice, assessment and evaluation of 
body temperature, i.e the presence of fever, has 
great impact on decisions in nursing care as well as 
medical diagnosis, treatment and the laboratory test 
ordered. From both a technical as well as a clinical 
view, accuracy of the reading is significant to ensure 
a correct assessment (32, 63). Accuracy indicates 
proximity of measurement results to the true value 
and precision of the measurement. However, when 
assessing body temperature, we have to consider 
several “errors”, such as the influence of normal 
thermoregulation, gender, ageing and site of 
measurement.  
This raises the question about accuracy in 
measurement of body temperature. What accuracy 
can we expect in clinical practice? In addition, is it 
accurate to convert a temperature measured at one 

site to in order to estimate the temperature at 
another site? 
Therefore, the objective of this paper was to discuss 
accuracy of body temperature measurement and 
implications in clinical practice. 

2. METHODS 

2.1 Literature search 
 
A literature search was performed in MEDLINE, 
CINAHL and manually from identified articles 
reference lists. The results of the literature search 
and implications for clinical practice is presented in 
an earlier paper (63). Briefly, the search included 
English or Swedish textbooks, original papers, 
reviews and scholarly papers, addressing the 
concept body temperature related to different 
constellations of key- words, such as measurement 
/ normal / core/ human / review / adult / gender 
/ tympanic / rectal/ oral / axillary / thermometers. 
Also hypothermia and elderly, thermoregulation, 
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circadian rhythm, fever, febrile response and 
shivering was used to identify articles. No restriction 
was made concerning when the paper was 
published. For the purpose of the present paper we 
have added published papers focusing on accuracy 
from a technique point of view. 

3. RESULTS 

3.1 Accuracy and standardisation 
 
According to the ISO (32) standard the clinical 
accuracy of a clinical thermometer is verified ”by 
comparing its output temperature with that of a reference 
thermometer, which has a specified uncertainty for measuring 
true temperature”. 
However, for an equilibrium clinical thermometer it 
is possible under laboratory conditions to 
adequately determine the clinical accuracy, i.e. 
equilibrium state between the two devices. For a 
clinical thermometer, operating in the adjusted 
mode, the output temperature includes 
characteristics of the patient and the environment. 
Hence, according to international standards, the 
clinical accuracy of a thermometer in the adjusted 
mode has to be clinically validated with statistical 
methods to compare its output temperature with a 
reference clinical thermometer. This clinical device, 
in turn, should have a specified clinical accuracy, 
representing a particular reference body temperature 
(32). In addition, the calibration has to be 
performed according to ISO standards in an 
accredited laboratory (30, 60). For electronic contact 
thermometers the standard states an operating range 
of 35.5° C to 42° C and a laboratory accuracy of + 
0.1° C (15).    
Also, there are ISO standards for establishing 
clinical accuracy for infrared (IR) ear thermometers 
(31). According to this standard clinical accuracy is 
defined as the “ability of an IR ear thermometer to give a 
reading close to the temperature of the site that it purports to 
represent as measured by the reference thermometer”. 
Maximum permissible error shall not exceed + 0.2° 
C operating from 35.5° C to 42° C (15). At present 
no manufacturing standards have been developed 
for the forehead thermometers (15).  
For the clinicians accuracy is about a thermometer 
that accurately and consistently measures, or 
estimates the “actual” body temperature (15). 
McCarthy & Heusch (40)  summarize that a site that 
quantitatively and rapidly reflect changes in arterial 
temperature and is independent of local blood flow 
or environmental changes appropriate estimate 
central temperature. Also, the repeatability of the 
thermometer is important in the clinical setting (50). 
The most important factor influencing the reading 
is probably a correct placement, as an incorrect 
placement can cause serious variations (15).  The 

site should also be convenient for the clinician, pain 
free and harmless for the patient and reliable and 
traceably standardized. Also, bilateral sides should 
be compared, studies should be based on large 
populations and there should be scientific cut-off 
points for clinically relevant conditions, such as 
fever (40).  
 
3.2 Definition of normal body temperature and 
fever 
 
The definition of normal body temperature as 37° C 
and fever as > 38.0°C was established in the middle 
of the 19th century (70). The axillary site, which 
estimates the periphery body temperature, was used 
as the reference temperature. Also, the fact that the 
measurements were performed on patients, indicate 
that a large number might have been febrile (38, 43). 
In 1869 the understanding about the influence of 
thermoregulation, hormones, metabolism and 
physical activity on body temperature was unknown. 
In addition, knowledge about immunology and 
microbiology and insight about the importance of 
calibration of thermometers were lacking. DuBois 
(16) pointed out that “a range of temperatures may be 
found in perfectly normal persons” and raised the 
question “Would it not be wise to remove the little red 
arrows from our thermometers?” Galen & Gambino (23) 
further stated that a concept of normality is itself 
inadequate for the proper interpretation of test 
results if it is not interpreted in relation to a 
reference value.  
Today there is a general acceptance of body 
temperature as a range rather than a fixed 
temperature. Even so, the norm from the middle of 
the 19th century is still the basis for assessment and 
decisions about body temperature, causing a 
widespread confusion of the evaluation of body 
temperature in clinical practice (39). Also, there is a 
lack of studies performing temperature 
measurements in a standardised way (62). 
 
3.3 Core body temperature 
 
According to the International Union of 
Physiological Sciences (IUPS), Thermal 
Commission, a site providing a core temperature 
would be expected to be stable in relation to the 
temperature in internal organs, irrespective of 
circulatory changes or heat dissipation affecting the 
periphery, or external factors, such as 
environmental temperature and humidity. The ideal 
core temperature is the mean temperature of the 
thermal core. In changing core conditions the 
oesophageal or aortic temperature readings are 
recommended (42). Ring et al. (52) pointed out that 
there is not a single unique core temperature as 
there are temperature gradients between internal 
organs in the body. This was already suggested by 



EAT2012 Book of Proceedings – Appendix 1 of Thermology international 22/3 (2012) 

27 
 

DuBois (16) who defined the core of the body as 
the thoracic and abdominal contents, some of the 
muscles and the brain, while the peripheral areas 
were defined as the skin and a small amount of 
subcutaneous tissue. He also pointed out the 
misconception of the body temperature and 
underlined that there is not one, but several core 
body temperatures depending on temperature 
gradients within the body. 
Today, the temperature in the pulmonary artery 
(PA) is considered the gold standard of core 
temperature (35, 37), although, some suggests the 
nasopharynx and the bladder as gold standards for 
core temperature (15). However, still it is not clear 
what a clinically accessible core body temperature is 
(50). In clinical practice, as well as in research and 
stated by the IUPS, the rectal or the oral site is used 
as a surrogate for the core temperature (39, 50). 
This might be an explanation to the tradition, 
although without no scientific base, that the oral 
and axillary readings are adjusted to the rectal 
temperature adding 0.3°C and 0.5°C, respectively 
(2).  
In order to make the reading more familiar to 
clinicians, this tradition has been applied also to ear 
based temperature measurements, which can be 
measured without adjustments to other sites, or 
readjusted in order to equalise the oral, rectal or PA 
temperature (2). These adjustments to other sites 
vary considerable between manufactures (5, 19, 57, 
59, 66), and there is a lack of studies supporting 
these offsets (40). Also, thermometers estimating 
the tempory artery temperature are adjusted with 
pre- decided offsets to equalize a temperature at a 
reference site. 
 
3.4 Comparison between sites in assessment of 
body temperature 
 
A large amount of papers have focused on accuracy 
by comparing non-invasive measurements to a 
reference site, often PA or the rectal site. However, 
the question is if this is the best approach to 
describe clinical accuracy (63). There is no evidence 
for adjusting one site to another, i.e. no factor does 
exist which allows accurate conversion of 
temperatures recorded at one site to estimate the 
temperature at another site (34, 64).    
Simply adding an offset, assuming that the 
differences between different sites and methods are 
linear do not consider thermoregulation and the 
complexity of the human body (40). Lack of 
agreement between measurements does not 
necessarily mean that one site is true and the other 
one false, due to different thermal influences and 
profiles (50). However, this is often the conclusion 
in studies on body temperature measurement. As an 
example, a world-wide cited systematic review, 
including 45 studies (14) found that the ear 

temperature could be 0.2°C to 1.4°C below and 
0.1°C to 1.9°C over the rectal temperature in 
children. They therefore concluded that the ear site 
is not an acceptable approximation of rectal 
temperature, due to the wide limits of agreement. 
The pooled limits of agreement for all reviewed 
studies are presented in Table 1.    
 
Table 1. Comparison between ear based and rectal 
temperature. The difference is presented as the 
pooled limits of agreement in °C. Adapted from 
Craig et al. (2002). 
 
Mode Pooled limits of agreement 

 °C 

Rectal mode -1.0 to 1.3 

Actual mode -0.2 to 1.6 

Core mode 
-0.8 to 1.3 

Oral mode -0.9 to 1.5 

Tympanic mode -0.4 to 1.6 

Mode not stated -0.6 to 1.2 

 
 
A positive number means that the measured 
temperature overestimates, and a negative number 
that the temperature reading underestimates the 
rectal site.  
Another study (6) summarize comparison of ear, 
oral, axillary and tempory artery with PA, as the 
reference temperature, in intensive care patients. 
They found that the ear thermometers could 
underestimate and overestimate the PA temperature 
with -1.7°C to -0.4 ° C and 0.3°C to 1.5°C, 
respectively. For oral thermometers the 
corresponding figures were -1.6°C to -0.4°C and 
0.6°C to 4.5°C, for the axillary devices -1.9° C to -
0.4°C and 0.2°C to 1.2°C and for tempory artery -
2.5° C to -0.8°C and 0.8°C to 3.3°C, respectively. 
(table 2).  
The mode of the ear thermometers included in the 
study by Craig et al (14) varied (table 1). In the 
review by Bridges & Thomas (6) unfortunately the 
mode was not reported at all. 
A positive number means that the measured 
temperature overestimates, and a negative number 
that the temperature reading underestimates the 
pulmonary site.     
A third study, comparing simultaneously measured 
rectal, oral, ear and axillary temperatures, without 
adjustments, in healthy adult subjects, reported 
deviations for rectal - ear of – 0.7°C to + 2.8°C, for 
rectal - axillary – 1.4°C to + 2.3°C and for rectal - 
oral temperatures - 1.5°C to + 2.3°C . These three 
studies all compare different sites to a reference 
temperature.  
 



EAT2012 Book of Proceedings – Appendix 1 of Thermology international 22/3 (2012) 

28 
 

Table 2. Comparison between pulmonary artery and 
ear, oral, axillary and tempory artery temperature in 
adult patients in the intensive care unit. The 
difference is presented as limits of agreement in °C. 
Adapted from Bridges & Thomas (2009). 
 
Ear based Oral Axillary Tempory 

artery 

-1.2 to 1.2 -1.6 to 4.5 -1.6 to 1.2 -1.3 to 3.3 

-1.3 to 0.6 -1.4 to 1.0 -1.9 to 0.5 -2.1 to 2.3 
-0.7 to 1.5 -0.5 to 1.3 -1.2 to 0.6 -2.3 to 2.0 

-1.2 to 1.3 -0.9 to 0.8 -1.1 to 0.6 -2.5 to -0.1 

-1.6 to 0.5 -0.9 to 0.6 -1.2 to 0.3 -1.1 to 0.8 

-1.7 to 0.3 -0.5 to 0.6 -1.0 to 0.4 -0.9 to 0.9 

-0.9 to 1.1 -0 3 to 0.7 -0.5 to 0.9  

-0.7 to 0.9 -0.5 to -0.4 -0.4 to 0.2  
-1.2 to 1.0  -0.8 to- 0.6   

-0.8 to 1.1    

-1.2 to 0.8    

-0.4 to 0.6    

-0.4 to 1.2    

 
However, Craig et al. (14) recommend and 
condemns different sites. Bridges & Thomas (6) do 
not conclude about “best site”, but illuminate 
factors that affect accuracy and precision of 
different sites. In the third example Sund-Levander 
et al. (64) confirm that there are large variations 
between sites due to intra-individual variation. The 
authors conclude that, in order to improve 
evaluation of body temperature, the assessment 
should be based on the individual variation, the 
same site of measurement and no adjustment 
between sites. Hence, these three studies exemplify 
three different approaches and interpretation of 
results that might have a great impact on assessment 
and evaluation of body temperature in clinical 
practice. Recently Pursell et al. (50) published a 
study with a somewhat different approach. They 
focused on normal variation, stability and 
repeatability of an ear based thermometer, without 
comparing with a reference temperature at another 
site. This is more in line with the approach of Sund-
Levander et al. (64) i.e. intra- and inter individual 
differences makes it a hazard to compare or adjust 
different sites when assessing body temperature. 
 
3.5 Thermoregulation  
 
Temperature regulation is defined as the 
maintenance of the temperature or temperatures of 
a body within a restricted range under conditions 
involving variable internal and/or external heat 
loads (42). In order to maintain the body 
temperature within an individual temperature range, 
the set point, thermosensitive neurons in the 
preoptic anterior area of the hypothalamus (POAH) 
assimilate information from the surrounding blood 

and peripheral receptors (4, 11). In the midbrain 
reticular formation and in the spinal cord neurons 
respond to thermal stimulation of the skin (68). 
Another pathway from the periphery to the brain is 
through the vagus nerve (46).  
In a thermally neutral environment, warming of the 
POAH above the set point activate heat loss 
responses, and cooling below set point, stimulate 
heat production responses. Several factors, such as 
diurnal variation, cellular metabolism (61, 68), 
exercise (47) and ambient temperature (69) 
influence thermoregulation. The diurnal rhythm is 
consistent within the individual both in health and 
disease. For each 4 mm of depth, from the body 
surface there is a rise in temperature of 
approximately 1°C (26).  
 
3.6 Gender 
 
In general, women have a higher average body 
temperature compared to men (10, 29), explained by 
female hormones (8). Resent research indicate that 
postmenopausal women have a lower body 
temperature compared with premenopausal women 
(64). Females also have a lower baseline metabolic 
rate (20) and it is suggested that they have a higher 
sweat onset and lower sweating capacity compared 
to men when exposed to heat (7). Furthermore, the 
thicker layer of subcutaneous fat helps to insulate 
the core from heat gain during hot conditions in 
women (20).  
 
3.7 Ageing 
 
A recently published review showed large variations 
in different non-invasive sites in older people (36). 
Others have also reported an increased frequency of 
hypothermia (41) and an altered shivering 
response(12, 22). Cognitive decline, dependency in 
activities in daily living and a body mass index  < 20 
have been observed to be associated to an increased 
risk of a lower body temperature, while daily 
medication with paracetamol was related  with 
increased  temperature(62). Age-related factors, 
such as reduced proportion of heat-producing cells, 
decrease in total body water, delayed and reduced 
vasoconstriction and vasodilation response,  a 
decreased metabolic rate and secondary to 
impairment and disease may also affect 
thermoregulation in old aged (17, 22, 33, 44, 49).   
 
3.8 Body temperature measurement - The rectal site 
 
The rectal temperature is in general higher than at 
other places in steady state (71), because of the low 
blood flow and high isolation of the area, which 
cause a low heat loss (48). It significantly lags 
behind changes at other sites, especially during rapid 
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temperature changes (54, 55). The temperature 
increase by 0.8°C with each 2.54 cm the device is 
inserted (54, 67) a standardised depth of 4 cm in 
adults is recommended (3). 
 

 
3.9 Body temperature measurement - The oral site 
 
The sublingual temperatures differ between the 
posterior pocket and the front area (18), as well as 
between the posterior pockets (45). Other 
influencing factors are vasomotor activity in the 
sublingual area, salivation, previous intake of hot or 
cold food and fluids, gum chewing, smoking and 
rapid breathing (3, 13, 51).     
 
3.10 Body temperature measurement- The axillary 
site 
 
Several factors affect the accuracy of axillary 
measurement, such as ambient temperature, local 
blood flow, evaporation, inappropriate placing or 
closure of the axillary cavity, and inadequate period 
of the reading (3). Even with careful positioning, 
axillary measurements are slow to register changes 
in temperature, which cause a wide deviation from 
other sites (54). During fever, the skin temperature 
varies dynamically due to vasomotor activity. 
Therefore, monitoring the skin temperature is an 
insensitive technique for estimating the body 
temperature (38, 43). 
 
3.11 Body temperature measurement - The ear site 
 
The tympanic membrane and hypothalamus share 
their blood supply from the internal and external 
carotid arteries (1, 24) and the area is relatively 
devoid of metabolic activity. As the probe is placed 
about 1.5 cm away from the tympanic membrane 
(67), the reading is a mix of heat from the tympanic 
membrane and the aural canal (21). No affect was 
found during facial cooling or fanning (56, 58). The 
influence of cerumen and otitis media is uncertain 
(9, 45, 53).  
 
3.12 Body temperature measurement - forehead 
thermometers 
 
Forehead thermometers estimate the temporal 
artery temperature by repeatedly sample the 
temperature of the overlying skin (15). This site 
fluctuates considerably due to perspiration, make-
up, lotions, oils, hair and environmental factors 
need to be carefully controlled. In addition 
vasopressive medication may affect the accuracy (6). 

4. CONCLUSION 

This literature cited revealed that there is 
considerable scientific knowledge about 
thermoregulation, factors influencing normal body 
temperature, and technology for measuring body 
temperature. In spite of all this knowledge many 
studies have focused on the degree of closeness 
between different sites of measurement in order to 
define the best choice for estimating the core 
temperature non-invasively (63). To define 
acceptable accuracy (25), between sites or to use the 
term equivalence only contributes to 
misunderstandings and confusion (2). Hence, still 
there is a shortage in the application and assessment 
of the body temperature in clinical practice.  
As body temperature varies with age, gender and 
site of measurement, our interpretation is that body 
temperature should be evaluated in relation to 
individual variability, i.e. a baseline value, and that 
the best approach is to use the same site, without 
adjustments to other sites. Also, as normal body 
temperature shows individual variations, it is 
reasonable that the same should hold true for the 
febrile range (38). In addition, all methods require 
careful handling and experienced users (28, 66).  
We approve with others have observed the lack of 
studies based on large populations divided into 
subgroups such as age, sex and cut-off points for 
clinically relevant conditions, such as fever (27). 
Additionally others have also noted the need to 
study stability and repeatability and to define normal 
range in various environmental conditions (50).   
We also agree with the conclusion from McCarthy 
& Heusch (40) about designing equipment 
measuring body temperature in line with today’s 
data set, instead of out-of-date data.  
In addition, in order to promote evidence-based 
practice we suggest that the future research pay 
attention to the following questions:  
 instead of a fixed cut-off value can an increase 

of x° C from individual baseline body 
temperature be assessed as fever? 

 how is the unadjusted variation of body  
temperature in different sites related to health 
and disease? 
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