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Abstract 
Background: Accurate temperature measurement is a critical step in 
evaluating health or disease especially in children and immmunocompromised 
subjects; inaccurate measurement may lead to improper diagnosis, wrong 
treatment or inappropriate intervention. Several methods of temperature 
measurements exist and comparing these gives room for choosing a near 
ideal method in terms of speed, safety and accuracy. The study aimed to 
compare the forehead non touch infra-red thermometer with the axilllary 
mercury-in-glass method of temperature measurement in the Paediatric 
age-group. Methods: Study was given ethical approval as part of a larger 
study. Four hundred and thirty seven children aged 1 to 24 months were 
studied at the well-baby/immunizationclinic of the University of Ilorin 
Teaching Hospital over a 6-months period. Both non-touch infrared and 
theregular mercury-in-glass thermometers were used to take the body tem-
peratures. Data were analysed with SPSS version 21. Pearson correlation was 
used to determine the relationship between the two methods of temperature 
measurements, while Bland-Altman method was used to test for level of 
agreement between them. Results: The mean age and SD was 5.81 ± 4.04 
months. Pearson correlation showed a positive correlation between the 
axillary mercury-in-glass and forehead non-touch infra-red thermometry 
readings (r = 0.281, p < 0.001). Also, Bland-Altman method revealed a good 
agreement between both methods of thermometry as 96% of the readings 
were within the limits of agreement. Mean difference was 0.09˚C (95% confi-
dence interval 0.05 - 0.13). Conclusion: Axillary mercury-in-glass thermometer 
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and forehead non touch infra-red thermometers have a good agreement and 
can be used interchangeably. 
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1. Introduction 

Evaluation of body temperature is one of the oldest and most important step in the 
diagnosis of disease [1]. Accurate temperature measurement is thus a critical step in 
evaluating health or disease especially in children and immmunocompromised 
subjects [1] [2]. Inaccurate measurement may lead to improper diagnosis, wrong 
treatment or inappropriate intervention [2]. 

The temperature measured depends on the site and type of thermometer used. 
The most reliable means of temperature measurement is the core temperature, 
which is best taken at the pulmonary artery (site closest to the thermoregulatory 
center) [1]. Other sites for taking core temperature are the bladder, tympanic 
membrane, oesophagus, nasopharynx and trachea [1]. However these methods 
are invasive and not routinely feasible.  

The Axilla, rectum and oral cavity are traditionally used to take temperatures 
in babies [3] Rectal thermometry is slightly invasive and poorly tolerated by 
children while the oral is painful, and uncomfortable, not recommended for use 
in patients with oral surgery, newborns or uncooperative and unconscious 
patients [4] Readings are also affected by consumption of hot or cold foods [4]. 

Types of thermometers include electronic contact thermometers, chemical 
thermometers, infrared thermometers and mercury-in-glass thermometers. 
Mercury-in-glass thermometers (MIGT) are no longer used in the developed 
world because of the risk of mercury contamination and poisoning.  

Non touch infra-red thermometers (NTIT) are newer and measure body 
temperature via infrared emission from the body [4]. They are non-invasive, 
convenient and easier to use [2] The risk of transmission of infections is mini-
mized with NTIT especially in the paediatric age-group in whom minimal touch 
and infection control is very important [1] [2]. 

Several studies have compared body temperatures using different thermome-
ters [3] [4] [5] [6]. While Gasim et al. [5] and Edelu et al. [3] reported that 
infrared tympanic thermometers were as reliable and accurate as axillary mer-
cury-in-glass thermometers in subjects studied. Yetman et al. [6] reported that 
temperatures obtained with infrared tympanic membrane thermometers did not 
accurately reflect an infant’s rectal or axillary temperatures. Similarly, Basak et 
al. [4] reported a weak correlation between temperatures taken with NTIT and 
chemical or tympanic membrane thermometers. On the other hand, Abdulkadir 
et al. [7] reported that infrared tympanic thermometry readings in febrile child-

https://doi.org/10.4236/ojped.2018.84031


Y. Olasinde et al. 
 

 

DOI: 10.4236/ojped.2018.84031 305 Open Journal of Pediatrics 
 

ren better reflected rectal temperature than axillary temperature. None of these 
studies has actually compared thermometry readings from forehead NTIT and 
MIGT in the Paediatric age group. This study aims to compare this with the aim 
of suggesting a faster, more reliable and convenient means of taking temperature 
in children. 

2. Method 

Subject recruitment was carried out by the Researcher and two research 
assistants who had been duly trained by the Researcher after an Ethical clearance 
was obtained as part of a larger Poliomylitis Vaccine Trial from the University of 
Iloin Teaching Hospital Ethics and Research Committee. Inclusion criterial 
included: well baby with, aged 1 to 24 months, and consent given.All children 
that met the inclussion criteria were recruited over a six months period (between 
September 2016 and February 2017). After a clear explaination had been given to 
the mother/caregiver, a study proforma was administered in an interview form 
to obtain relevant socio-demographic features such as age of the baby, social 
class and immunisation history. A brief physical examination was also carried 
out on the babies. The elligible babies and their mothers were made to sit in the 
same room with a constant room temperature. Temperature of babies were 
taken thus: 

Using the NTIT: The NTIT was held at a maximum distance of 5 cm from the 
midpoint of the forehead area until the signal tone was heard (average of 1 - 2 secs). 
Temparatures were taken 3 times and the average reading calculated and 
recorded. 

Using the MIGT: The MIGT was cleaned with alcohol swab and shaken before 
each use, to drop the mercury column to below 35˚C and placed in the axilla for 
3 - 5 minutes before the reading was taken. One reading was taken for each 
patient. The MIGT was then cleaned again with an alcohol swab. 

3. Data Analysis 

Data were entered into a computer and analysed with SPSS version 21. 
Pearson correlation was used to determine the relationship between the two 

methods of temperature measurements, while Bland-Altmanmethod was used to 
test for level of agreement between them.Level of agreement was said to be good 
as if 95% of the data laid between 1.96 SD of the mean difference between the 
two methods [8]. According to previous studies, mean of difference was consi-
dered good if <0.5˚C, and satisfactory if <0.6˚C [9] [10]. 

4. Results 

A total of Four hundred and thirty-seven (437) children were recruited from the 
Immunisation clinic of UITH, Amilegbe Ilorin. They were aged 1 to 24 months. 
The mean age and SD was 5.81 ± 4.04 months. Almost Fifty-four percent 
(53.8%) of the children were males, while 46.2% were females. The mean birth 
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weight was 3.23 kg. While 74.1% of the children were born in a hospital, 9.8% of 
them were born at home. 

The other socio-demographic variables are as shown in Table 1 and Table 2. 
Concerning the immunization status, 94.1% of the babies had immunization 

at birth, 92% had gone for the 6-week immunization visit (Table 3). 
Not applicable were infants who were not old enough for the respective Vac-

cines. 
The average temperatures obtained were 36.5˚C ± 0.30˚C for NTIT and 

36.59˚C ± 0.44˚C for MGIT (Table 4).  
Using the Pearson correlation technique, there was apositive relationship be-

tween the two methods of temperature measurements. (r = 0.281, p < 0.001) 
Further details are as shown in Figure 1. 

The Bland-Altman plot showed good agreement between the two methods as 
96.8% (423/437) of the paired differences in the readings fell within the limit of 
agreement as shown in Figure 2. Furthermore, the width of agreement was nar-
row (1.7791) with a lower limit of −0.8107 (95% CI, −0.8845 to −0.7369) and 
an upper limit of 0.9884 (95% CI, 0.9146 to 1.0623). Further details are shown 
in Figure 2. 
 
Table 1. Socio-demographic variables of the study population. 

Variable Frequency (N = 437) Percent 

Age (in months)   

Mean ± SD 5.81 ± 4.04 

Range 1.00 - 24.00 

Sex   

Male 235 53.8 

Female 202 46.2 

Birth weight (Kg)   

Mean ± SD 3.23 ± 0.69 

Place of birth   

Home 43 9.8 

Traditional birth 21 4.8 

Mission home 45 10.3 

Hospital 324 74.1 

Others 4 0.9 

Social class   

Class I 122 27.9 

Class II 201 46.0 

Class III 86 19.7 

Class IV 28 6.4 

Class V 0 0 
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Table 2. Schema of social classification [12]. 

Social Class Profession Educational Attainment 

I 
Professional, Senior public servants, Owners of large 
business concerns, Senior military officers, large scale 
contractors 

University graduates or  
equivalents 

II 
Non-academic professionals e.g. Nurses, Secondary 
school teachers, Secretaries, Owners of medium sized 
business. Intermediate grade public servants 

School certificate holders and 
equivalent 

III 
Non manual skilled workers including clerks, typists, 
telephone operators, Junior school teachers, Drivers 

Grade II teachers or equivalent 

IV Petty traders, Laborers, Messengers Primary certificate 

V 
Unemployed, Full time house wives, Students,  
Subsistence farmers 

No formal education 

 
Table 3. Frequency of illness, use of antipyretics and immunizations of children. 

Variable Frequency (N = 437) Percent 

Illness in last 48 hours   

Yes 52 11.9 

No 385 88.1 

Use of antipyretic drug   

Yes 162 37.1 

No 275 62.9 

Immunization   

At birth   

Yes 411 94.1 

No 26 5.9 

6 weeks   

Yes 402 92.0 

No 13 3.0 

Not applicable 22 5.0 

10 weeks   

Yes 359 82.2 

No 25 5.7 

Not applicable 53 12.1 

14 weeks   

Yes 294 67.3 

No 41 9.4 

Not applicable 102 23.3 

9 months   

Yes 102 23.3 

No 110 25.2 

Not applicable 225 51.5 
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Table 4. Mean temperature measurement. 

Variable Mean ± SD 

NTIT Temperature reading 36.50 ± 0.30 

Axillary Temperature (MGIT reading) 36.59 ± 0.44 

 

 
Figure 1. Correlation of the temperature reading between Non-touch infrared 
thermometer (NTIT) and the Axillary reading with Mercury in Glass Thermometer 
(MGIT). 

 

 
Figure 2. Bland Altman Graph showing the limit of agreement between the MIGT 
and NTIT readings. 
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5. Discussion 

The mean axillary temperature of 36.59˚C ± 0.44˚C for MGIT and 36.5˚C ± 
0.30˚C for NTIT in this study was similar to 36.82˚C ± 0.44˚C and 36.40˚C ± 
0.42˚C reported by Sollai et al. [9], but much lower than the 37.18˚C ± 0.96 ˚C 
and 37.30˚C ± 0.92 ˚C reported by Chiapinni et al. [11]. The reason for this 
disparity might be due to the fact that the current study recruited children from 
an immunization (well-baby) clinic while Chiapinni et al. [11] recruited pa-
tients from the Emergency unit. This is similar to the findings of Chiapinni et 
al. [11]. 

The current study finding of a positive correlation between NTIT and MGIT 
is consistent with the findings of Gasim et al. [5] and Edelu et al. [3]. This de-
monstrates a linear relationship between the temperature readings by both me-
thods and implies that one method can be used in place of the other. The finding 
of a good agreement between the two thermometers is consistent with the re-
ports of Sollai et al. [9] and Chiapinni et al. [11]; but contrary to Sethi et al. [10] 
and Basak et al. [4] who reported no agreement between infra-red thermometers 
and mercury thermometers. The difference could have been due to the fact that 
while the current research studied older children who were healthy, Sethi et al. 
[10] studied the sick neonates admitted in the intensive care unit. 

Edelu et al. [3], although reported a positive correlation between the two me-
thods of measurements, found no agreement between them. The disparity in the 
two studies may however be due to the fact that Edelu et al. [3] used the in-
fra-red tympanic thermometer in the oral mode; meaning the tympanic temper-
ature reading was converted to an approximate oral temperature reading. This 
process of conversion may have altered the sensitivity. Also, rectal temperature 
was compared with the oral temperature as against forehead and axillary tem-
peratures used in the current study. 

6. Conclusion 

MIGT and forehead NTIT had a good positive correlation and a good agree-
ment. 

Recommendation 

For speed and convenience as well as hygiene and infection control, MGIT can 
be safely replaced by forehead NTIT in clinical Paediatric practice. Also use of 
MIGT can be discontinued to reduce the concerns about environmental mercury 
pollution.  

Limitation of the Study 

The neonatal age group was not included in the study. Also, Tympanic temper-
ature, which is a better estimate of the core temperature was not done in this 
study and may be a line of future research in healthy children. 
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