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Measurement from axillary site with digital thermometer has been accepted 
as the most accurate method. But this method is time consuming. Tympanic 
and forehead measurements are often used but don’t always seem to be more 
appropriate. Another site, umbilical region, could be an alternative site. This 
study aims to compare the measurements with axillary digital thermometer 
and non-contact infrared thermometers at sites from umbilicus and forehead 
to determine whether umbilical site could be used accurately in children. For 
each method, 2,048 measurements in total were performed. Using axillary 
method as gold standard, with a cut-off temperature of 38oC, the sensitivities 
and specificities, positive and negative predictive values of umbilical and 
forehead temperatures and area under the ROC curve were determined in non 
obese children. There was a significant positive correlation between axillary 
and umbilical temperatures with a correlation coefficient of 0.78. The average 
difference between the mean of both axillary and umbilical temperatures 
was –0.47 ± 0.65°C. The Bland-Altman plot showed good accuracy with only 
2.5 % of the readings falling outside the 95% level of confidence. Umbilical 
measurements showed sensitivity of 71.7% and specificity of 95.8%. The area 
under the ROC curve was 0.93. 

The easy application may lead noncontact measurements from umbilicus site 
to be the preferable method for health care providers, but agreement limits 
mentioned in this study should be considered.
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Fever is a common chief complaint in the 
pediatric emergency room. Studies suggest 
that the height of fever, in combination with 
other clinical features, is a reliable predictor of 
occult bacteremia1-3. There are many methods 
and sites for measuring temperature. Each 
method and sites have their own advantages and 
disadvantages4-7. Oral and rectal temperatures 
are the most reliable predictors of core 
temperature8,9. Rectal measurement is assumed 
to be the clinical standard10,11. But measuring 
fever with oral or rectal route would sometimes 
be difficult because they are stressful for infants, 
are time-dependent and require acertain level 
of practice. These characteristics make them 
undesirable procedures for infants, health 

workers and parents1,12,13. The use of mercury–
in-glass thermometers was banned in Turkey 
in 2010 according to the European Union 
legislation due to the toxicity of mercury. So, 
alternative devices and methods measuring 
from different sites-axillary, tympanic and 
forehead- had began to replace conventional 
device and methods in emergency rooms and 
hospitals. Measurements from axillary site 
with digital thermometers has been accepted 
as the most reliable and accurate method. 
But this method is time consuming, requiring 
special attention for 3 to 5 minutes to have 
a satisfactory measurement. So a non-contact, 
quick, hygienic, simple, accurate and in-
expensive method would be more appropriate 
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in pediatric practice14. Tympanic and forehead 
measurements often but not always seem 
to be more appropriate and easy to apply 
because sick children with high fever are 
generally agitated and do not do what caregiver 
want (e.g. measuring the temperature in an 
appropriate way) when it is most necessary 
and urgent. Tympanic measurements require 
the device to fit in the outer ear canal to have 
a satisfactory measurement. Measurement from 
forehead is quick, but sometimes it would be 
impossible to have a correct measurement 
when a child does not fix his head in front 
of the device approaching towards him for a 
few seconds during measurement. So, another 
site – umbilical- could be an alternative site 
to correctly measure the temperature of a 
child agitated because of illness, fever and 
crowded emergency room in a way that gives 
less discomfort. In pediatric age group, there 
are limited studies about non-contact infrared 
thermometers measuring from umbilical site. 

This study aims to compare the measurements 
of body temperature with axillary digital 
thermometer and non-contact infrared 
thermometers at sites from umbilicus and 
forehead. The second aim is to determine 
whether non-contact method measuring 
temperature from umbilical site could be 
used accurately and interchangeably or instead 
of axillary digital measurements in children.

Material and Methods

Randomly selected, one hundred twenty two 
pediatric patients who were hospitalized in Dr 
Behcet Uz Children’s Training and Research 
Hospital, Pediatric Infectious Disease Unit 
during March 2012 and October 2012 were 
included in the study. The height and weight 
of the patients were noted. Weight for age for 
patients under 2 years of age and body mass 
index (BMI) for patients older than 2 years of 
age were calculated. National survey data of 
growth charts for Turkish children published 
by Neyzi et al.15 was used to assess growth 
and related calculations. Patients who were 
>95th percentile in weight for age under 2 
years of age and >25 in BMI values for age 
for patients older than 2 years of age as well 
as patients with unstable conditions, including 
septic shock or circulatory collapse, patients 
with chronic diseases, including renal or liver 

failure, patients with ascites15, and patients with 
congenital or acquired abdominal anomalies 
(umbilical hernias, urachus remnant) were 
excluded from the study. 

Written informed consent was obtained 
from the parents of the children. This study 
was approved by the local research ethics 
committee (2012/03-05, 26.04.2012). All the 
measurements were performed by the same 
nurse who was trained for each instrument.

Each patient was placed in a temperature 
controlled room between 24 and 26°C for 10 
minutes before measurements were taken. Body 
temperature measurements were performed 
from axillary fossae with an axillary digital 
thermometer (Microlife MT 3001, Microlife 
AG Swiss Corporation, Widnau/ Switzerland) 
and from mid-forehead and from the area 1.5 
cm below the umbilicus with a non-contact 
thermometer (ThermoFlash LX-26, Visiomed 
SAS France, Paris/France) at the same time. 
For each method, 2048 measurements in total 
were performed. Axillary temperature ≥38.0°C 
with digital thermometer was considered as 
fever8. All the temperatures were measured 
on the Celsius (°C) scale. Before use, each 
thermometer was checked individually and 
compared with a standard thermometer, thus 
ensuring standardization and quality control 
with an accuracy of ±0.1°C. Noncontact 
thermometers were calibrated at the beginning 
of each study day. Axillary thermometers were 
calibrated at three months intervals in a water 
bath by placing the probe in the water for 10 
min at a temperature of 38.0°C. To ensure 
accurate results, the axillary region was dried 
using a towel before the measurements. The 
axillary thermometer was left in place until it 
electronically indicated that the appropriate time 
interval had passed. Noncontact thermometer 
was first calibrated to the room temperature 
and then held perpendicular to the area 1.5 
cm below the umbilicus after 10 minutes of 
being undressed and to the mid-forehead. The 
operator held the device until a reliable reading 
had been taken. 

Statistical analysis was done by using the 
Statistical Package for Social Sciences (SPSS) for 
Windows (Inc. Chicago USA, 2001) and Medcalc 
v.12.3.0 (MedCalc Software bvba, Broekstraat 
52, 9030 Mariakerke, Belgium). Paired t test 
was used to compare the mean temperature 
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readings. Correlation was determined by 
the Pearson correlation coefficient while the 
extent of agreement was assessed with the 
Bland-Altman plot (1986)16. The limit of 
agreement was defined as ± 2 SDs of the 
differences16. Using axillary method as gold 
standard, with a cut-off temperature of 38oC, 
the sensitivities, and specificities, positive 
and negative predictive values of umbilical 
and forehead temperatures were determined. 
Receiver Operating Curves (ROC) was drawn 
and the area under the curve (AUC) with 95% 
CI was also calculated. The level of significance 
was taken to be p< 0.05. 

Results

One hundred patients met the inclusion 
criteria. The mean age of all 100 patients 
who participated in this study was 56.3±50.2 
months (between 1 and 168 months). Of the 
100 patients, 53 (53%) were male while 47 
(47%) were females. With 100 patients that 
participated in this study, we performed 2,048 
temperature readings for every method. Mean 
BMI for patients over 2 years of age (n=40) 
was 16.4±2.5 (range: 11.4-24.2). The number 
of axillary temperature readings under 38°C was 
1594 and the number of axillary temperature 
readings over or equal to 38°C were 454.

Mean axil lary,  forehead and umbilical 
temperatures with minimum and maximum 
readings were shown in Table I. The mean 
umbilical temperature was significantly higher 
than both the mean forehead and axillary 
temperature when compared with paired t test 
(p=0.00 and p=0.00).

There was a significant positive correlation 
between axillary and umbilical temperatures 
with a correlation coefficient of 0.78 (p 
<0.05; 95% CI 0.76-0.79). When we used 
temperature readings above or equal to 38°C 
with axillary method for correlation, the 
correlation coefficient between axillary and 
umbilical method was found to be 0.55 (p 

<0.05; 95% CI 0.48-0.61) When we compared 
forehead and umbilical temperature readings, 
we also found a significant positive correlation 
between these readings (r= 0.81; p <0.05, 
95% CI 0.79-0.82). These correlations were 
also significant at the 0.01 level. Correlation 
graphics with three methods were shown in 
Figure 1a and 1b.

The average difference between the mean of 

Fig. 1a. The correlation between axillary and umbilical 
temperature readings (r=0.78, p < 0.05, 95% CI 0.76 
to 0.79).

Fig. 1b. The correlation between forehead and umbilical 
temperature readings (r=0.81; p < 0.05, 95% CI 0.79 
to 0.82)

n Mean (SD) Range

Forehead 2,048 37.1 (0.79) 34.6-39.6

Axillary 2,048 36.8 (1.03) 34.3-39.8

Umbiliculus 2,048 37.3 (0.75) 36.0-39.7

Table I. Mean Axillary, Forehead and Umbilical Temperatures (°C) with Ranges
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both axillary and umbilical temperatures was 
–0.47±0.65°C (95% CI -0.49 to -0.44). The 
Bland-Altman plot showed that most of the 
data points were tightly clustered around the 
zero line of the difference between the two 
temperature readings with only 2.5 % of the 
readings (n=51) falling outside the 95% level 
of confidence (Figure 2a). When we used only 
temperature readings above or equal to 38°C 
with axillary method (n=453) in the Bland-
Altman plot, plot showed that most of the 
data points were tightly clustered around the 
zero line of the difference between the two 
temperature readings with only 1.3% of the 
readings (n=6) falling outside the 95% level 
of confidence.

The average difference between the mean of 
both forehead and umbilical temperatures 
was –0.15±0.48 °C (95% CI -0.22 to -0.02). 
The Bland-Altman plot showed that most of 
the data points were tightly clustered around 
the zero line of the difference between the 
two temperature readings with only 3.1% of 
the readings falling outside the 95% level of 
confidence (Fig. 2b).

When we considered 38°C as axil lary 
temperature cutoff, the comparison with 
umbilical measurements showed sensitivity of 
71.7% (95% CI 67.4%-75.8%) and specificity 
of 95.8% (95% CI 94.7%-96.7%). The positive 
predictive value of the umbilical measurements 
was 86.2% (95% CI 82.1%-89.7%), whereas the 
negative predictive value was 90.7% (95% CI 
89.2%-92.0%). The area under the ROC curve 
was 0.93, indicating good accuracy (Fig. 3).

Positive and negative likelihood ratios were 
also calculated for umbilical method, assuming 
the axillary method as the criterion standard. 
Positive likelihood ratio was 22.04 and negative 
likelihood ratio was 0.36 for the umbilical 
measurement. When calculating the ROC curve 
to determine the best threshold for axillary 
temperature of greater than 38.0°C, for an 
umbilical temperature of 37.6°C the sensitivity 
was 85.9%, and the specificity was 89.8%. 

Discussion

The aim of temperature measurement is to 
obtain an accurate reflection of a patient’s core 
temperature. As core temperature measurement 
requires invasive techniques, it is impractical to 
use them to achieve the criterion standard in 

routine practice6,17. The use of rectal mercury 
thermometers had long been the standard 
method for routine measurements but they were 
banned in Turkey in 201013,17,18. So, alternative 
methods measuring from different sites-axillary, 
tympanic and forehead- began to replace 
conventional method in emergency rooms and 
inpatient services. But each method has its own 
advantages and disadvantages19. There is also 
disagreement about the optimal anatomic site 
for measuring body temperature13-15. Although 
infrared measurements from forehead is quick, 
sometimes it would be impossible to have a 
correct measurement especially when a child 
does not fix his head in front of the device 
for a sufficient amount of time to get a proper 
measurement in a crowded emergency room. 

Fig. 2a. The Bland-Altman plot of difference comparing 
axillary and umbilical temperatures in the 2,048 readings, 
with mean difference and 95% limits of agreement.

Fig. 2b. The Bland-Altman plot of difference comparing 
forehead and umbilical temperatures in the 2,048 readings, 
with mean difference and 95% limits of agreement.
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These children with fever are generally agitated 
because of illness or fear of doctor or other 
health workers, crying and refuse any procedure 
that must be done for diagnosis. So, another 
site, the umbilical region could be an alternative 
site to get information about whether the child 
has a fever or not. In pediatric patient group, 
there are limited studies on non-contact infrared 
thermometers measuring from umbilical site. 
So, in this report, we aimed to demonstrate the 
body temperature measurements with infrared 
noncontact thermometers from umbilicus to 
determine whether this method and site can 
accurately replace axillary digital measurements 
as a sensitive, specific, and accurate method 
in children.

Before adopting new noninvasive methods of 
measurement, being quite certain that the 
new method will give results that agree with 
older methods and that can be subjected to 
recognize statistical procedures is important11. 
For this purpose, we performed four different 
approaches to compare three methods with 
each other. Firstly, we compared mean axillary, 
forehead and umbilical temperatures. Secondly, 
we performed correlations among them. Thirdly, 
we found the average difference between the 
means for each method and agreement with 
Bland-Altman plots. Finally, we calculated the 

specificity, sensitivity, as well as positive and 
negative predictive values of the umbilical 
method. 

We found that the mean of umbilical 
measurements was significantly higher than the 
mean of forehead and axillary readings when 
compared with paired t test. But the mean 
temperature readings alone are not sufficiently 
valuable when deciding whether a method can 
be accurately used instead of another. 

We found a significant positive correlation 
between axillary and umbilical measurements 
with a correlation coefficient of 0.78 as well 
as a significant positive correlation between 
forehead and umbilical temperature readings 
with r=0.81. In addition, there was a moderate 
positive correlation between axillary and 
umbilical measurements when we used only 
axillary readings above or equal to 38°C. 
However, this high correlation alone does 
not always mean that these two methods can 
be accurately used instead of one another. 
Although numerous studies report correlations 
when comparing new devices to old; few 
examine whether the devices agree20.

The distribution of the temperature differences 
between a standard and the test method give a 
good indication of the accuracy of the method 
as expressed by Bland and Altman16. It should 
also be clearly established before the start of 
the investigation, what limits of deviation are 
acceptable. This point is overlooked in most 
cases. It is our opinion that before any new 
method of body temperature measurement 
is adopted, the method and instrumentation 
should guarantee that bias is low and 95% 
of the results will be in limits of agreement.

We found the average difference (bias) between 
the mean of both axillary and umbilical 
temperatures as -0.47, which seems very low 
with an SD of 0.65°C. Bias is acceptable with 
value lower than 0.5°C. Also, the Bland-Altman 
plot showed that most of the data points 
were tightly clustered around the zero line 
of the difference between two temperature 
readings. This also found to be true with 
axillary readings above or equal to 38°C. The 
average difference between the mean of both 
forehead and umbilical temperatures was -0.15 
with an SD of 0.48°C. In Bland-Altman plot, 
3.1% of the readings were falling outside 
the 95% level of CI. The distribution of the 

Fig. 3. Receiver operative characteristic curve for predicting 
febrile children with the umbilical method (axillary 
temperature >38°C). The area under the ROC curve is 
0.93 (95% CI, 0.92-0.94; p <0.05 versus the identity line 
[diagonal line]).
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temperature differences between a standard 
and the test method give a good indication of 
the accuracy of the method as expressed by 
Bland and Altman. In our report, these results 
showed a good accuracy between umbilical and 
axillary/forehead methods.

When we considered 38°C as axil lary 
temperature cutoff, the comparison with 
umbilical measurements showed sensitivity of 
71.7% and specificity of 95.8%. The positive 
predictive value of the umbilical measurements 
was 86.2%, whereas the negative predictive 
value was 90.7%. As the AUC was 0.93, the 
ROCs also supported these findings with 
greater accuracy. 

A limitation of this study was that we did 
not have a true measure of the core body 
temperature to compare our temperature 
findings with. Core temperature refers to the 
measurement that most closely reflects the 
temperature in the blood flowing through 
the branches of the carotid arteries to the 
hypothalamus21. Because these sites are not 
routinely used in practice and the rectum 
measurements, which had been the criterion 
standard with mercury-in-glass thermometers, 
not being used anymore, we used axillary 
measurements using digital thermometer as the 
criterion standard. We excluded cases having 
values indicating overweight and obesity in 
our study as obesity has been associated with 
increased heat production as well as thick fat 
layer in the abdomen. Previous studies indicated 
that greater subcutaneous abdominal adipose 
tissue in obese cases provided a significant 
insulating layer blunting abdominal heat 
transfer22.

These  resul ts  demonstrated that  the 
umbilical method could be a good option 
in the measurement of fever in the pediatric 
population because it has high sensitivity, high 
specificity, and good agreement with a low 
bias. Having high positive likelihood ratio also 
makes this method valuable. The AUC makes 
this method reliable for the accurate definition 
of fever in the pediatric population. The easy 
application may lead noncontact measurements 
from umbilicus site to be the preferable method 
for health care providers, but agreement limits 
mentioned in this study should be considered.
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