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Despite the fact that temperature measurement in children 
seems so simple – a wide variety of devices are available to 
record a fever from skin, oral or rectal mucosa or the tympan­
ic membrane – the choice for health professionals and par­
ents has never been so complicated.

According to traditional teaching, the normal body tempera­
ture is 37°C (98.6°F), but it is generally accepted that a tem­
perature of 38°C (100°F) or greater, as measured by a rectal 
thermometer, represents a fever [1][2].

In febrile children younger than 36 months of age, most seri­
ous illnesses are caused by infectious agents [3]-[6]. The pres­
ence of a fever in children younger than three months of age 
triggers a thorough investigation into the source of the infec­
tion [7][8]. However, the presence of a normal or subnormal 
temperature in children younger than three months of age 
can also be associated with severe infections in the presence 
of other appropriate signs and symptoms. The definition of a 
fever of unknown origin also relies on stringent diagnostic 
criteria (ie, a fever lasting more than 14 days with no etiology 
found after routine tests), and depends on precise tempera­
ture recordings [9]-[11]. Finally, an appropriate recording of the 
absence of a fever reassures both parents and health care 
providers who seek to diminish fever phobia, and inappropri­
ate medical consultations and investigations [12]. It is, there­
fore, essential that the measurement of a fever be accurate 
and reproducible from infancy through adolescence.

Current measurements and methods

Rectal thermometry
Rectal thermometry has traditionally been considered the 
gold standard for temperature measurement [13][14], but some 
studies have revealed limitations of this method [15]-[18]. Rectal 
temperatures are slow to change in relation to changing core 
temperature, and they have been shown to stay elevated well 
after the patient’s core temperature has begun to fall, and 
vice versa. Rectal readings are affected by the depth of a mea­
surement, conditions affecting local blood flow and the pres­
ence of stool. Rectal perforation has been described [19][20], 
and without proper sterilization techniques, rectal thermome­

try has the capacity to spread contaminants that are common­
ly found in stool.

Many parents may be uncomfortable with this method of 
temperature assessment, and older children may resent it.

Axillary thermometry
While axillary temperature is easy to measure (compared with 
oral or rectal measurements), it has been found to be an inac­
curate estimate of core temperature in children [13][15][18][21]. 
This type of measurement relies on the thermometer remain­
ing directly in place over the axillary artery, and it is largely 
influenced by environmental conditions.

Despite its low sensitivity and specificity in detecting fever, ax­
illary temperature is recommended by the American Acade­
my of Pediatrics as a screening test for fever in neonates be­
cause of the risk of rectal perforation with a rectal thermome­
ter [22], although this complication is estimated to occur in 
less than 1 in 2 million measurements [23].

Oral thermometry
The sublingual site is easily accessible and reflects the temper­
ature of the lingual arteries. However, oral temperature is eas­
ily influenced by the recent ingestion of food or drink and 
mouth breathing [21]. Oral thermometry relies on the mouth 
remaining sealed, with the tongue depressed for 3 to 4 min, 
which is a difficult task for young children. This method of 
temperature measurement cannot be used in young children, 
or in unconscious or uncooperative patients. Generally, it has 
been suggested that the accuracy of oral thermometry lies 
somewhere between that of axillary and rectal thermometry. 
It appears that accuracy may increase with the age of a child, 
primarily due to compliance and the ability to use proper 
technique.

Digital vs. mercury thermometers
The traditional mercury thermometer has been replaced by 
the more “user friendly” digital thermometer. Since the accu­
racy is comparable with both instruments [24] and mercury re­
mains an environmental hazard, the Canadian Paediatric So­
ciety no longer recommends the use of mercury thermome­
ters.
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Tympanic thermometry
The first devices used to measure tympanic membrane (TM) 
temperature did so by being in direct contact with the tym­
panic membrane. In 1969, it was shown that such a device 
measured core temperature better than a rectal thermometer 
[25]. However, thermistors in direct contact with the TM are 
not practical for everyday use.

Instead of being in direct contact with the TM, today’s tym­
panic thermometers measure the thermal radiation emitted 
from the TM and the ear canal, and have therefore been 
called infrared radiation emission detectors (IRED). Because 
the amount of thermal radiation emitted is in proportion to 
the membrane’s temperature, IRED accurately estimates TM 
temperature [16]. In contrast with other sites of temperature 
measurement, the TM’s blood supply is very similar in tem­
perature and location to the blood bathing the hypothala­
mus, the site of the body’s thermoregulatory centre. It is, 
therefore, an ideal location for core temperature estimation 
[26][27]. Crying, otitis media or earwax have not been shown to 
change tympanic readings significantly.

Much has been published both in support of [15][16][26][27] and 
against [29]-[32]  the use of infrared tympanic thermometers in 
clinical practice, and it is no wonder that many physicians re­
main skeptical about measurement reliability. Results of a 
questionnaire completed by randomly selected members of 
the American Academy of Pediatrics and the American Acad­
emy of Family Physicians demonstrated that 78% of respon­
dents had used infrared thermometers at least once; 65% of 
paediatricians and 64% of family practitioners were current 
users [32]. The most commonly reported causes for the discon­
tinued use of tympanic thermometers were inaccuracy or lack 
of staff trust with the device.

Most studies that compare the accuracy of tympanic ther­
mometers with other classical measures of body temperature 
evaluate the accuracy of tympanic readings by comparing 
them with rectal, oral or axillary measurements. Given the 
variations of temperature ranges with each of these methods 
and the limitations of their accuracy discussed above, using 
any one method as a ‘benchmark’ or ‘gold standard’ is mis­
leading. Because estimates of core temperature measured at 
different body sites will vary, an effort has been made by man­
ufacturers of IREDs to correlate tympanic readings to rectal 
or oral equivalents [16].

These conversion scales (known as ‘offsets’) convert the mea­
sured ear temperature to one that would be found at a differ­
ent site, allowing a user to define more easily a fever from a 
measurement in the ear. The offsets are based on an algo­
rithm that transforms a subject’s tympanic temperature to 
that found at either the oral or rectal site. However, the data 
used to develop these offsets may not be readily applicable to 
the paediatric population. Some researchers advise eliminat­

ing these adjusted modes and simply using unadjusted ear 
temperature (Table 1) [16][18][21].

TABLE 1
Normal temperature ranges

Measurement method Normal temperature range

Rectal 36.6°C to 38°C (97.9°F to 100.4°F)

Ear 35.8°C to 38°C (96.4°F to 100.4°F)

Oral 35.5°C to 37.5°C (95.9°F to 99.5°F)

Axillary 34.7°C to 37.3°C (94.5°F to 99.1°F)

Factors related to the patient, instrument, technique and en­
vironment contribute to the variability of ear-based tempera­
ture measurements. For example, the ear canal’s structure, 
probe design and probe positioning affect how well the canal 
is sealed from ambient influences and what parts of the tym­
panic membrane, ear canal wall, and perhaps skin surface, are 
in the thermometers field of view [33]. To get an accurate read­
ing of tympanic temperature, the infrared probe (up to 8 mm 
in diameter) must be small enough to be deeply inserted into 
the meatus to allow orientation of the sensor against the TM 
[28]. While this is of less concern in children older than two 
years of age whose meatus is wider than 8 mm, the average di­
ameter of the meatus in young children (4 mm at birth, 5 
mm at two years of age) can cause complications for tympanic 
thermometry. When the probe is too large, it will detect in­
frared emissions from both the TM and the proximal meatus 
wall. Because the thermometer averages the two surface tem­
peratures, it can produce an erroneously low reading. It is 
generally recommended that a slight tug of the pinna to 
straighten the ear canal can improve accuracy and consisten­
cy.

Also, each different brand of ear thermometers has its own 
design, technology, offsets and operating instructions that af­
fect its reliability, accuracy and use. Consumer and profes­
sional units are available; the latter are designed to be more 
durable to withstand day-to-day use in a professional setting. 
While many current brands exist, the reliability of different 
instruments seems to be comparable, if the manufacturers in­
structions are followed properly.

The authors of a recent systematic review and meta-analysis 
comparing infrared tympanic and rectal thermometry con­
cluded that infrared tympanic thermometery lacks sufficient 
agreement with their defined gold standard - rectal thermom­
etry - to be used with confidence in situations where body 
temperature needs to be measured with precision [35].
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Other devices
Infrared arterial temperature can be measured with a device 
that is passed overt the front of the forehead to the temporal 
area. This relatively new method of body temperature mea­
surement has been shown to be more accurate than tympanic 
thermometry and better tolerated than rectal thermometry 
[36].

In a recent trial in a busy paediatric emergency department, 
the temporal artery device was shown to have a sensitivity of 
about 80% to identify fever (as determined by rectal measure­
ments). When a cut-off temperature over 37.7ºC was used on 
the temporal artery device to define fever, the sensitivity im­
proved to 90% for identifying a fever of >38ºC as measured 
by the rectal thermometer, but the specificity dropped to 
about 50%. Moreover, the parents use of a similar device re­
sulted in inadequate agreement with rectal temperatures [37].

Temporal artery thermometry may be a promising tool for 
screening children at low risk in the ER but cannot yet be rec­
ommended for home use or hospital use when definitive 
measurements are required.

Pacifier thermometers may not be feasible for sick infants 
(particularly if in respiratory distress) and have been shown to 
be less accurate than rectal thermometers. [38].

Conclusion
While it is evident that all devices available currently to mea­
sure temperature in children have their strengths and weak­
nesses, the choice made by parents may be influenced by the 
convenience of use, cost and advertising. For professionals, 
the older, time-honoured methods may be chosen because 
they are deeply entrenched in the medical literature and 
there is no groundswell for change. However, in keeping with 
environmental concerns, mercury thermometers should no 
longer be used.

Based on the evidence currently available, the relative ease, 
speed, accuracy and safety of the infrared tympanic ther­
mometer warrant its inclusion in the group of currently avail­
able instruments for temperature measurement in older chil­
dren. Nonetheless, children who are younger than two years 
of age should continue to have their temperature taken rectal­
ly until an adequate probe for tympanic thermometry is de­
signed or until other methods of measurement are shown to 
be accurate and reliable in larger studies (Table 2).

TABLE 2
Summary of recommended temperature measurement techniques

Age Recommended technique

Birth to 2 years 1. Rectal (definitive)
2. Axillary (screening low risk children)

Over 2 years to 
5 years

1. Rectal (definitive)
2. Axillary, Tympanic (or Temporal Artery if in hospital) 
(screening)

Older than 5 
years

1. Oral (definitive)
2. Axillary, Tympanic (or Temporal Artery if in hospital) 
(screening)

Canadian Task Force on Preventive Health - Strength of Recommendation B, II 
[39]

Acknowledgements
The committee thanks Dr. Howard Levitt for this research in 
the preparation of the original version of this position state­
ment.

References
1. Mackowiak PA, Wasserman SS, Levine MM. A critical ap­

praisal of 98.6 degrees F, the upper limit of the normal 
body temperature, and other legacies of Carl Reinhold Au­
gust Wunderlich. JAMA 1992;268:1578-80.

2. Herzog LW, Coyne LJ. What is fever? Normal temperature 
in infants less than 3 months old. Clin Pediatr 
1993;32:142-6.

3. Teach SJ, Fleisher GR. Duration of fever and its relation­
ship to bacteremia in febrile outpatients three to 36 months 
old. The Occult Bacteremia Study Group. Pediatr Emerg 
Care 1997;13:317-9.

4. Grossman M. Management of the febrile patient. Pediatr 
Infect Dis. 1986;5:730-4.

5. McCarthy PL. The Evaluation and Management of Febrile 
Children. New York : Appleton-Century-Crofts,1988.

6. Soman M. Diagnostic workup of febrile children under 24 
months of age: A clinical review. West J Med 
1982;137:1-12.

7. Baskin MN . The prevalence of serious bacterial infections 
by age in febrile infants during the first 3 months of life. Pe­
diatr Ann 1993;22:462-6.

8. Brik R, Hamissah R, Shehada N, et al. Evaluation of febrile 
infants under 3 months of age: Is routine lumber puncture 
warranted? Isr J Med Sci 1997;33:93-7.

9. Kleiman MB . The complaint of persistent fever. Recogni­
tion and management of pseudo fever of unknown origin. 
Pediatr Clin North Am 1982;29:201-8.

10. McClung HJ. Prolonged fever of unknown origin in chil­
dren. Am J Dis Child 1972;124:544-50.

11. Pizzo PA, Lovejoy FH, Smith DH. Prolonged fever in Chil­
dren: Review of 100 Cases. Pediatrics 1975;55:468-73.



4 | TEMPERATURE MEASUREMENT IN PAEDIATRICS

12. Lieu TA, Baskin MN, Schwartz JS, Fleisher GR. Clinical 
and cost effectiveness of outpatient strategies for manage­
ment of febrile infants. Pediatrics 1992;89:1135-44.

13. McCarthy PL. Fever. Pediatr Rev 1998;19:401-7.
14. Brown PJ, Christmas BF, Ford RP. Taking an infant’s tem­

perature: Axillary or rectal thermometer? N Z Med J 
1992;105:309-11.

15. Romano MJ, Fortenberry JD, Autrey E, et al. Infrared tym­
panic thermometry in the pediatric intensive care unit. Crit 
Care Med 1993;21:1181-5.

16. Chamberlain JM, Terndrup TE, Alexander DT, et al. Deter­
mination of normal ear temperature with an infrared emiss­
sion detection thermometer. Ann Emerg Med 
1995;25:15-20.

17. Robinson JL, Seal RF, Spady DW, Joffres MR. Comparison 
of esophageal, rectal, axillary, bladder, tympanic, and pul­
monary artery temperatures in children. J Pediatr 
1998;133:553-6.

18. Erickson RS, Woo TM. Accuracy of infrared thermometry 
and traditional temperature methods in young children. 
Heart Lung 1994;23:181-95.

19. Blainey CG. Site selection in taking body temperature. Am 
J Nurs 1974;74:1859-61.Am J Nurs 1974;74:1859-61.

20. Kenney RD , Fortenberry JD, Surratt SS, Ribbeck BM, 
Thomas WJ. Evaluation of an infrared tympanic membrane 
thermometer in pediatric patients. Pediatrics 
1990;85:854-8.

21. Jaffe DM. What’s hot and what’s not: The gold standard for 
thermometry in emergency medicine. Ann Emerg Med 
1995;25:97-9.

22. Kresch MJ. Axillary temperature as a screening test for fever 
in children. J Paediatr 1994;104:596-9.

23. Morley C, Hewson P, Thornton A, Cole T. Axillary and rec­
tal temperature measurements in infants. Arch Dis Child 
1992;67(1):122-5.

24. Press S, Quinn B. The pacifier thermometer: Comparison 
of supralingual with rectal temperatures in infants and 
young children. Arch Pediatr Adolesc Med 1997;151:551-4.

25. Benzinger M, Benzinger T. Tympanic clinical temperature. 
In: Thomas HP, Murray TP, Shepard RL, eds. Fifth Sympo­
sium on Temperature. Washington : American Institute of 
Physics, Instrument Society of America , National Bureau 
of Standards 1972:2089-2102.

26. Terndrup T, Crofton D, Mortelliti A, Kelley R, Rajk J. Esti­
mation of contact tympanic membrane temperature with a 
noncontact infrared thermometer. Ann Emerg Med 
1997;30:171-5.

27. Childs C, Harrison R, Hodkinson C. Tympanic membrane 
temperature as a measure of core temperature. Arch Dis 
Child 1999;80:262-6.

28. Smith J. Are electronic thermometry techniques suitable al­
ternatives to traditional mercury in glass thermometry tech­

niques in the paediatric setting? Journal of Advanced Nurs­
ing 1998;28(5):1030-9.

29. Romanovsky A, Quint P, Benikova Y, Kiesow L. A differ­
ence of 5 degrees C between ear and rectal temperatures in 
a febrile patient. Am J Emerg Med 1998;125:83-5.

30. Petersen-Smith A, Barber N, Coody D, West M, Yetman R. 
Comparison of aural infrared with traditional rectal temper­
atures in children from birth to age three years. J Pediatr 
1994;125:83-5.

31. Petersen M, Hauge H. Can training improve the results 
with infrared tympanic thermometers? Acta Anaesthesiol 
Scand 1997;41:1066-70.

32. Modell J, Katholi C, Kumaramangalam S, Hudson E, Gra­
ham D. Unreliability of the infrared tympanic thermometer 
in clinical practice: a comparative study with oral mercury 
and oral electronic thermometers. South Med J 
1998;91:649-54.

33. Silverman B, Daley W, Rubin J. The use of infrared ear 
thermometers in pediatric and family practice offices. Pub­
lic Health Rep 1998;113:268-7.

34. Benzinger M. Tympanic thermometry in surgery and anaes­
thesia. JAMA 1969;209:1207-11.

35. Craig J, Lancaster G, Taylor S, Williamson P, Smyth R. In­
frared ear thermometry compared with rectal thermometry 
in children: a systematic review. The Lancet 
2002;360(9333):603.

36. Greenes D, Fleisher G. Accuracy of a Noninvasive Tempo­
ral Artery Thermometer for Use in Infants. Arch Pediatr 
Adolesc Med 2001;155:376.

37. Schuh S, Komar L, Stephens D, Chu L, Read S, Allen U. 
Comparison of the temporal artery and rectal thermometry 
in children in the emergency department. Pediatr Emerg 
Care 2004;20(11):736-41.

38. Callanan D. Detecting fever in young infants: reliability of 
perceived, pacifier, and temporal artery temperatures in in­
fants younger than 3 months of age. Pediatr Emerg Care 
2003;19(4):240-3.

39. Canadian Task Force on Preventive Health Care. New 
grades for recommendations from the Canadian Task Force 
on Preventive Health Care. CMAJ 2003;169:207-8.

COMMUNITY PAEDIATRICS COMMITTEE 
Members: Cecilia Baxter MD (1998-2004), Mark Feldman 
MD, William James MD (2002-2004), Mia Lang MD, Denis 
Leduc MD (Chair, 1998-2004), Cheryl Mutch MD, Michelle 
Ponti MD (chair), Linda Spigelblatt MD, Sandra Woods MD 
(1998-2004), David Wong MD (Board representative)
Liaison: Richard Haber MD, CPS Community Paediatrics 
Section
Principal authors: Denis Leduc MD, Sandra Woods MD
Revision: Mark Feldman MD

Also available at www.cps.ca/en
© Canadian Paediatric Society 2013

The Canadian Paediatric Society gives permission to print single copies of this document from our website. 
For permission to reprint or reproduce multiple copies, please see our copyright policy.

Disclaimer: The recommendations in this position statement do not indicate an 
exclusive course of treatment or procedure to be followed. Variations, taking in­
to account individual circumstances, may be appropriate. Internet addresses 
are current at time of publication.


