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NORMATIVE STUDY OF TYMPANIC
INFRARED THERMOMETRY

A non-invasive index of asymmetric cerebral activity

Danielle Cicarini de Landa'?, Joaquim P. Brasil-Neto', Raphael Boechat-Barros', Carlos Uribe'

Abstract — Human and primate studies have demonstrated that performance of tasks that induce asymmetrical
physiological activation of the cerebral hemispheres leads to a reduction of tympanic temperature (TT)
ipsilateral to the most active hemisphere. It is possible that diseases that interfere in an asymmetrical fashion
with the degree of cerebral activity cause similar TT changes. There are not, however, normative studies of the
acceptable interaural difference in TT in normal subjects at rest. This study was done to establish normative
values for interaural TT values measured by means of infrared tympanic thermometry in resting normal subjects
not engaged in any specific task. TT values were measured in 47 normal volunteers (20 men and 27 women,
aged 39.38£12.57 years old) at rest; mean interaural differences of TT were calculated. Mean right ear TT
was 36.8510.50°C and mean left ear TT was 36.741£0.57°C; these values are in agreement with those already
reported in the literature. Mean interaural TT difference was 0.25°C (SD 0.21°C). These findings indicate that
maximal normal values for interaural TT differences, with confidence levels of 99% and 95%, are, respectively,
0.88 and 0.67°C. The value of interaural differences of TT as a marker of asymmetrical hemispheric activity in
neurological patients will have to be established by additional studies.

KEY WORDS: tympanic temperature, cerebral hemispheric asymmetry, neuropsychiatric disorders, infrared
tympanic thermometry.

Normatizacdo da termometria timpanica por infravermelho: um indicador nao-invasivo de atividade
cerebral assimétrica

Resumo — Estudos em humanos e outros primatas demonstraram que a realizagao de tarefas que causam
ativacao assimétrica fisioldgica dos hemisférios cerebrais resulta em reducao da temperatura timpanica (TT)
ipsilateral ao hemisfério cerebral mais ativo. E possivel que patologias que interfiram de modo assimétrico com
o grau de atividade cerebral causem alteragdes similares da TT. Nao existem, entretanto, estudos normativos
da diferenca normal aceitavel de TT entre os timpanos de um mesmo individuo em repouso. Este estudo teve
como objetivo estabelecer uma normatizagao dos valores bilaterais da TT, e principalmente das diferencas
interauriculares desse parametro, obtidas por termometria timpanica por infravermelho, em individuos
normais, na auséncia de execugao de tarefas especificas. Foram obtidas medidas da TT em 47 voluntarios
normais (20 homens e 27 mulheres, com média de idade de 39,38+12,57 anos) em repouso e calculadas as
diferencas interauriculares, sua média e desvio-padrao. A TT média foi de 36,85£0,50°C a direita e de 36,74t
0,57°C a esquerda, o que esta de acordo com dados da literatura. A média das diferencas de TT encontrada foi
de 0,25°C e o desvio padrao (DP) 0,21°C. Com base nesses achados, os valores maximos considerados normais
para a diferenga interauricular da TT, com niveis de confianga de 99% e de 95%, sao de 0,88°C e 0,67°C,
respectivamente. A utilidade da medida da diferenca interauricular da TT como marcador de assimetria da
atividade cerebral em pacientes com patologias neuroldgicas devera ser avaliada em estudos adicionais.

PALAVRAS-CHAVE: temperatura timpanica, assimetria hemisférica cerebral, doengas neuropsiquiatricas,
termometria timpanica por infravermelho.

'Laboratério de Neurociéncias e Comportamento, Universidade de Brasilia, Brasilia DF, Brasil; Hospital de Base do Governo do Distrito Federal, Brasilia
DF, Brasil.

Received 27 July 2007, received in final form 30 October 2007. Accepted 6 December 2007.

Dr. Joaquim P. Brasil-Neto — Laboratdrio de Neurociéncias e Comportamento / Departamento de Ciéncias Fisiologicas / Instituto de Biologia / Univer-
sidade de Brasilia - 70910-900 Brasilia DF - Brasil. E-mail: jbrasil@unb.br

50



Arq Neuropsiquiatr 2008;66(1)

Tympanic temperature (TT) is an indirect marker of ce-
rebral activity, and has been used to detect asymmetrical
activity of the brain™. The rise in cerebral activity is indi-
cated by a drop in TT ipsilateral to the most active hemi-
sphere*. Meiner and Dabbs pointed out that the increased
blood flow to the more active hemisphere has the effect
of cooling it, and that this also causes a lower tympan-
ic membrane temperature on the same side*. Swift et al.
studied changes in TT in normal volunteers who engaged
in tasks that are known to cause asymmetrical cerebral ac-
tivity, activating morer strongly one cerebral hemisphere
than the other. These authors found that subjects who
presented with a greater asymmetry in TT values during
the task, suggesting strong lateralization, also showed bet-
ter performance in the tasks.

It is conceivable that certain neurological diseases may
result in significant abnormal functional asymmetry of the
cerebral hemispheres, even at rest, and that this abnor-
mality could be detected by precise TT measeurements.
In order to use infrared tympanic thermometry as a clini-
cal tool, however, it is imperative to establish the normal
limits of physiological interaural variability of TT in rest-
ing normal subjects.

In this study we have measured TT bilaterally in nor-
mal subjects at rest, without engaging them in any po-
tentially lateralizing cerebral activity, in order to estab-
lish the normal range of variability in interaural differ-
ences of TT.

METHOD

After approval of the experimental protocol by the Univer-
sity of Brasilia Ethics Committee, we measured TT in 47 normal
volunteers (20 men and 27 women, mean age 39.381+12.57 years).
Forty-three subjects were right-handed; 4 were left-handed. TT
was measured with an infrared thermometer (ThermoScan Plus®
IRT 3520, Braun® Germany). TT was measured bilaterally; 3 to
5 temperature readings were obtained on each side, alternat-
ing between left and right ears; the volunteers remained seat-
ed in a comfortable armchair, with eyes open, in a quiet room.
The mean of all the measurements done on the same ear was
recorded as the temperature value for that side. No volunteer
presented any present evidence or past history of neurological
or psychiatric diseases. There was no history of carotid athero-

Thermometry tympanic: normative study
Landa et al.

sclerosis or otitis. No subject had any signs or symptoms of fe-
ver at the time of examination.

TT values were recorded and analysed with the aid of com-
puterized spreadsheets (Microsoft Excel®) for further statistical
processing by the SPSS®version 13 software for Windows®

Means and standard deviations were calculated for absolute
values as well as for interaural TT differences.

RESULTS

Statistical analysis of the data showed a normal distri-
bution (Kolmogorov-Smirnoff test). Mean TT was 36.85°C
+0.50°C on the right ear and 36.74+0.57°C on the left.
Mean interaural difference was 0.25°C (SD, 0.21). The
smallest interaural difference found was O (zero) and the
greatest, 0.66°C. There were no significant differences be-
tween men and women regarding TT values and age (Stu-
dent’s t test, p=1.206 and p=0.234, respectively).

With the aid of these normative data, we can establish
that 99% of the population should have an interaural dif-
ference of TT below 0.88°C (mean +3 SD) and 95 % should
have a difference below 0.67°C (mean +2 SD). The Interau-
ral TT differences data are summarized in Table 1.

DISCUSSION

Nowadays the neurologist can use several tests to
study cerebral activity, from quite simple ones to sophisti-
cated and expensive methods. Asymmetric cerebral activ-
ity can be detected by infrared tympanic thermometry™,
by functional magnetic resonance imaging, by electroen-
cephalography or magnetopencephalography, by SPECT-
single photon emission tomography®™ or by PET- positron
emission tomography.

Of all these methods, the only one for which there are
no normative data available in the literature is the deter-
mination of interaural difference of TT, since all studies
'># and in animals’ only show how
TT changes in response to various experimental tasks that
induce functional hemispheric asymmetry. In such experi-
mental settings, the interaural TT difference during the
task is compared to that obtained before the task, and the
subject serves as his own control. Other normative stud-
ies of TT in humans, although including large numbers of

done so far in humans

Table. Interaural TT difference values of all subjects.

Absolute difference Sample (n=47) Men (n=20) Women (n=27)
TT(°C) Mean 0.2530 0.2958 0.2213

SD 0.2104 0.2579 0.165

+2 SD 0.6738

+3 SD 0.8842
Age (years) Mean 39.38 42.85 36.81

SD 12.571 12.795 11.994
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normal subjects over a wide age range, typically recorded
TT from just one ear, since the aim of such studies was to
validate the technique for the detection of fever®.

In the experimental setting, Parr and Kopkins®, study-
ing non-human primates (chimpanzees), demonstrated
that animals exposed to stimuli with strong emotional
content (videos depicting episodes of aggression) showed
a significant relative rise in the temperature of the right
tympanic membrane; this temperature did not change
when the animals looked at videos with neutral emotional
content (landscapes, animals at play).

Infrared tympanic thermometry was also successfully
employed by Tomaz et al.” to show hemispheric special-
ization in New World primates (Callithrix penicillata).

Recently, Cherbuin and Brinkman' have validated the
technique of tympanic thermometry in humans during the
execution of verbal tasks that preferentially activated the
left cerebral hemisphere, or visuo-spatial tasks that prefer-
entially activated the right cerebral hemisphere. These au-
thors were able to demonstrate predictable changes in TT,
with a drop in the temperature of the left tympanic mem-
brane during the verbal tasks and of the right tympanic
membrane during the visuo-spatial tasks. These same au-
thors'® again demonstrated the utility of this technique
using more complex experimental paradigms, pointing out
its potential advantages over other more complex and
expensive means of detection of asymmetrical cerebral
activity, such as functional magnetic ressonance imaging,
eletroencephalography and magneto-encephalography.

Although infrared tympanic thermometry has been
widely used as a means of assessing physiological asym-
metry in cerebral activity, in both humans and other pri-
mates, its potential for use in the detection of patho-
logical lateralization of cerebral activity remains to be
established. Studies with other methods, such as electro-
encefalography, have demonstrated correlations between
inter-hemispheric asymmetry of cerebral activity and dis-
eases such as depression, anxiety and other emotional
disturbances, but the greater complexity of these tech-
niques has caused methodological problems that make it
difficult to compare the results of different researchers”.
An advantage of infrared tympanic termometry is its ex-
treme simplicity, making it suitable for standardization
that would allow easy comparison of results obtained by
different laboratories.

As far as we know, this is the first normative study
of infrared tympanic thermometry with measurement of
bilateral TTs and assessment of the normal range of inte-
raural TT variability. Based on our findings, we propose
that the upper limit of normal interaural TT difference is
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0.88°C for a confidence level of 99% or 0.67°C for a con-
fidence level of 95%. These values certainly apply to our
local population, from which we have derived a sample
with a normal distribution; however, given the ease with
which the measurements can be made, we advise other
researchers to use their own local normative data based
on a study of at least 30 subjects.

Infrared tympanic thermometry is an easy technique
that may be useful as a clinical or experimental proce-
dure for the detection of assymetric cerebral function in
neurological and psychiatric conditions. This pilot study
shows that it is reproducible and that the upper limits of
normal variability in interaural differences of TT in resting
normal subjects can be easily determined.

REFERENCES

1. Cherbuin N, Brinkman C. Cognition is cool: can hemispheric activa-
tion be assessed by tympanic membrane thermometry? Brain Cogn
2004;54:228-231.

2. Boyce WT, Essex MJ, Allkon A, Smider NA, Pickell T, Kagan J. Tem-
perament, tympanum, and temperature: four provisional studies of the
biobehavioral correlates of tympanic membrane temperature asymme-
tries. Child Dev 2002;73:718-733.

3. Parr LA, Hopkins WD. Brain temperature asymmetries and emotion-
al perception in chimpanzees pan thoglodytes. Physiol Behav 2000;1:
363-371.

4. Machado LV, Tomaz Cab, Belol M. Temperatura timpanica como um
indicador de atividade cerebral assimétrica: um estudo com a utiliza-
¢ao do teste de Stroop e suas correlagdes com pardmetros cardiovascu-
lares. Neurobiologia 2003;66:7-12.

5. Swift AB. Tympanic thermometry: an index of hemispheric activity. Per-
cep Motor Skills 1991;73:275-293.

6. Camargo EE. Brain SPECT in neurology and psychiatry. ] Nucl Med
2001;42:611-623.

7. Risberg J, Halsey JH, Wills El, Wilson EM. Hemispheric specialization
in normal man studied by bilateral mesurements of the regional cere-
bral blood flow. A study with the 133-Xe inhalation techinique. Brain
1975;98:511-524.

8. Catafau A. Brain SPECT in clinical practice. Part I. Perfusion. ] Nucl
Med 2001;42:259-271.

9. Rivera-Luna H, Camargo EE, Sostre S, et al. 99m-Tc-HMPAO SPECT
imaging identifies cerebral activation changes during the Stroop test. |
Nucl Med 1991;32(Suppl):5991.

10. Hwang TL, Saenz A, Farrell JJ, Brannon WL. Brain SPECT with dipyr-
idamole stress to evaluate cerebral flow reserve in carotid artery dis-
ease. ] Nucl Med 1996;37:1595-1599.

11. Baird AE, Austin MC, McKay W], Donnan GA. Sensitivity and speci-
ficity of 99mTc-HMPAO SPECT cerebral perfusion measurements dur-
ing the first 48 hours for the localization of cerebral infarction. Stroke
1997;28:976-980.

12. Myazawa N, Koizumi K, Mitsuka S, Nukui H. Discrepancies in brain
perfusion SPECT findings between Tc-99m HMPAO and Tc-99m ECD:
evaluation using dynamic SPECT in patients with hyperemia. Clin Nucl
Med 1998;23:686-690.

13. Devous MD. Comparison of SPECT applications in neurology and psy-
chiatry. J Clin Psychiatry 1992;53(Suppl):513-519.

14. Chamberlain JM, Terndrup TE, Alexander DT, et al. Determination of
normal ear temperature with an infrared emission detection thermom-
eter. Ann Emerg Med 1995;25:15-20.

15. Tomaz C, Verburg MS, Boere V, Pianta TF, Belo M. Evidence of hemi-
spheric specialization in marmosets (Callithrix penicillata) using tym-
panic membrane thermometry. Braz ] Med Biol Res 2003;36:913-918.

16. Cherbuin N, Brinkman C. Sensitivity of functional tympanic membrane
thermometry (fTMT) as an index of hemispheric activation in cogni-
tion. Laterality 2007;12:239-261.

17. Thibodeau R, Jorgensen RS, Kim S. Depression, anxiety, and resting
frontal EEG asymmetry: a meta-analytic review. ] Abnormal Psychol
2006;115:715-729.



