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Abstract
Background
Although clinical diagnosis of thermoregulation is gaining in importance there is no consistent evidence on the value of thermography of the facial region. In particular there are no reference values established with standardised methods.

Methods
Skin temperatures were measured in the facial area at 32 fixed measuring sites in 26 health subjects (7–72 years) with the aid of a contact thermograph (Eidatherm). A total of 6 measurements were performed separately for the two sides of the face at intervals of equal lengths (4 hours) over a period of 24 hours. Thermoregulation was triggered by application of a cold stimulus in the region of the ipsilateral ear lobe.

Results
Comparison of the sides revealed significant asymmetry of face temperature. The left side of the face showed a temperature that was on the average 0.1°C lower than on the right. No increase in temperature was found following application of the cold stimulus. However, a significant circadian rhythm with mean temperature differences of 0.7°C was observed.

Conclusion
The results obtained should be seen as an initial basis for compiling an exact thermoprofile of the surface temperature of the facial region that takes into account the circadian rhythm, thus closing gaps in studies on physiological changes in the temperature of the skin of the face.
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Background
Within the framework of careful differential diagnosis of a wide range of different syndromes thermography has become increasingly important over the last few years since the introduction of the clinical diagnosis of thermoregulation by Schwamm1. Since it is simple and painless to perform and thus well accepted by patients, and its results are also well reproducible, thermography has become established an integral component of complex diagnostic schemata, especially in the diagnosis of pain and monitoring of the course of peripheral disorders of the cardiovascular circulation [2, 3]. The diagnosis of thermoregulation is used on the one hand to determine the pattern of skin temperature in selected areas of the body during minimal stress to the regulation system [4, 5], and on the other to record thermoregulation in these areas following the application of a defined cold stimulus [6, 7], laser irradiation [8] or even acupuncture [9].
Undisturbed central and peripheral regulation mechanisms that maintain a relatively constant core body temperature in dependence upon the environmental temperature are the basic precondition for intact thermoregulation (Fig. 1). The hypothalamus, which is the main organ involved in the integration of thermoregulation, processes information from external and internal thermoreceptors and leads to an adjustment of the actual and target temperatures [10–12]. Superimposed on this feed-back loop are phasic adjustments of the target temperature that occur in connection with changes in the circadian rhythm over the day and fluctuations in hormone levels [13]. The physiological skin temperature profile shows a temperature decline from the face through the abdomen to the feet, a relatively strict lateral symmetry of the two sides of the body and a distinct fall in temperature towards the distal portions of the extremities [6, 14]. This temperature profile is subject to various influences, including arteriosclerosis, sympathetic tone [15, 16], the heat and water metabolisms [17], the sudomotor system, the thickness and pigmentation of the skin and periodical fluctuations in hormone levels, e.g. the production of cortisol and progesterone [18, 19]. While systematic research on the clinical thermography of the trunk and limbs has reached an advanced stage [14], the diagnostic value of thermography for the facial region must still be regarded as unclear. In order to be able to draw diagnostic conclusions on an adjustment of the target temperature by influencing the regulation system in the facial area, the circadian rhythm, uniform thermoregulation following application of a cold stimulus and a difference between values measured at symmetrically paired sites on the two sides of the face were investigated in healthy subjects as a reference group for further studies.[image: A13005_2006_Article_79_Fig1_HTML.jpg]
Figure 1Adjustment of thermoregulation. The system contains 2 types of sensors, corresponding to the internal and external thermoreceptors of the organism.






Methods
Subjects
14 female (aged 35,4 ± 12,4 y) and 12 male (aged 33,6 ± 13,7 y) subjects who had shown no history of previous diseases on a detailed questionnaire and did not meet the following generally recognised criteria for exclusion [20–22], were selected.	previous diseases of the mouth, jaw or in the field of facial surgery

	acute inflammations of the upper respiratory tract

	facial cold injury or facial sunburn during the last 12 weeks

	dental treatment during the last 4 weeks

	pharmacotherapy with vasoactive substances or hormonal treatment including contraceptive pills

	a beard

	cosmetics in the face and neck area

	use of nicotine or alcohol on the day of measurement

	sports activities up to 2 hours before the measurement






Conduct of the study
Thermographic investigations were carried out with an "Eidatherm" electronic contact thermometer (Werner Eidam, Medizin-Technologie GmbH, Albert-Boßler-Str. 2, D-35398 Gießen) and were performed by keeping standardized conditions given by previously released studies [21, 22]: The measurements were commenced after a 15-minute adjustment period in a standardised room with a constant temperature of 22°C and a relative humidity of 50% and no additional radiators or direct sunlight. Dressings were consistent among subjects wearing T-shirts and jogging pants. The temperatures of the facial and neck areas were recorded by dermal contact with a nickel ring probe (2,5 mm radius, time response 0,1 sec) at 32 sites over a period of 24 hours. To ensure good reproducibility the sites selected were easy to find with reference to anatomic landmarks (Fig. 2). The measurements were taken at 4-hourly intervals at the following times: 2 a.m., 6 a.m., 10 a.m., 2 p.m., 6 p.m. and 10 p.m. For measurements at 2 a.m. and 6 a.m. no special arrangement was made, exceptional that subjects were awaken and transfered to the clinical centre. The thermographic device is designed in such a way that all measuring sites selected could be scanned within 60 seconds. The results were shown on a digital display. The device has an accuracy of ± 0.1°C specified by the manufacturer. After measurement of the glabella as reference value all further results were recorded as positive or negative deviations from the reference value. Mean values and standard deviations were calculated for comparison of the values obtained at different times of the day. The t-test for populations with a normal distribution was performed and 95% confidence intervals calculated to test for significance. Differences above the 95% confidence interval were regarded as statistically significant (p = 0,05).[image: A13005_2006_Article_79_Fig2_HTML.jpg]
Figure 2Measuring sites in the facial and neck regions and reference site (glabella) 1. Glabella. 2 Root of the nose. 3 Tabula frontale right (R). 4 Tabula frontale left (L). 5 Foramen supraorbitale R. 6 Foramen supraorbitale L. 7 Ramus temporalis R. 8 Ramus temporalis L. 9 Foramen infraorbitale R. 10 Foramen infraorbitale L. 11 Upper lip R. 12 Upper lip L. 13 Temporomandibular joint R. 14 Temporomandibular joint L. 15 Lower lip R. 16 Lower lip L. 17 Foramen mentale R. 18 Foramen mentale L. 19 Ramus massetericus R. 20 Ramus massetericus L. 21 Ramus submandibularis R. 22 Ramus submandibularis L. 23 Ramus submentalis R. 24 Ramus submentalis L. 25 Ramus supraclavicularis post. R. 26 R. supraclavicularis post. L. 27 Ramus supraclavicularis ant. R. 28 R. supraclavicularis ant. L. 31 Wing of the nose R. 32 Wing of the nose L. Measuring sites with identical regions of innervation: 1st Ramus trigeminus R: 3,5. 2nd Ramus trigeminus R: 7,9,11. 3rd Ramus trigeminus R: 13,15,17. Plexus cervicalis R: 19, 21, 23, 25, 27. 1st Ramus trigeminus L: 4,6. 2nd Ramus trigeminus L: 8,10,12. 3rd Ramus trigeminus L:14,16,18. Plexus cervicalis L: 20, 22, 24, 26, 28.





To initiate thermoregulation for each series of measurements a brief, defined cold stimulus was applied by spraying both ear lobes with chloroethyl for 1 second [6, 7].


Results
In the group of healthy subjects investigated no clearly significant thermoregulation was detected after application of the cold stimulus at any measuring time (p = 0,05). Even after grouping of the 32 measuring sites in 8 sites with identical regions of innervation in branches of the trigeminus nerve and the cervical plexus for the right and left side, the mean increase in temperature was only 0.1 C, and this increase was not detectable at all measuring times (Fig. 3). However, a significant circadian rhythm of the body surface temperature in the facial region was found. A circadian rhythm with a temperature minimum at between 2 a.m. and 6 a.m. and a maximum at between 6 p.m. and 10 p.m. was found across the 32 measuring sites both before and after application of the cold stimulus. The mean range of temperature fluctuation was 0.7°C. The greatest fluctuations in surface temperatures were found between the temperatures determined at 2 a.m. and 10 p.m. (Fig. 4). The changes in temperature following application of the cold stimulus in identical groups of measuring sites showed non-significant fluctuation ranges of up to 0.3°C and thus statistically no thermoregulation was found at individual measuring sites, even at different times of day. However, comparison of symmetrically paired values for the two sides revealed a distinct asymmetry (p = 0,05), the temperature on the left side of the face being in a mean 0.1°C lower than that on the right side. This asymmetry was evident both before and after application of the cold stimulus (Fig. 5).[image: A13005_2006_Article_79_Fig3_HTML.jpg]
Figure 3Means (lines) and standard deviations (bars) of temperature changes following application of a cold stimulus (n = 26). Isoline (0°) indicates mean data from the reference points (glabella). 32 measuring sites are grouped in 8 sites with identical regions of innervation in branches of the trigeminus nerve (V 1–3) and the cervical plexus (Pc) for the right and left side. Overall positive regulation in the areas of distribution of the 1st and 3rd branches of the trigeminus nerve on both sides, no regulation in the other areas. No significant thermoregulation in any area.
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Figure 4Means (lines) and 95% confidence intervals (bars) for facial skin temperature at the 8 grouped measuring sites at 2 a.m. and 10 p.m. as an example of a circadian rhythm of the facial skin. Abbreviations follow fig. 3.
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Figure 5Comparison of the means (lines) and standard deviations (bars) of temperature differences between the right and left sides at the 8 grouped measuring sites before and after application of a cold stimulus for all measurements. References are the measurements of the right sides (red isoline). Abbreviations follow fig. 3. Temperature on the left side of the face being in a mean 0.1°C lower than that on the right side (p = 0,05), before and after application of the cold stimulus.






Discussion
While the circadian rhythm of the core body temperature is now probably one of the best investigated functions of the human body [23], to date there is no clear evidential basis on the circadian rhythm of the skin surface temperature in the facial region. Whereas muscular activity and ingestion of food were long considered to be decisive factors in the circadian fluctuations [24], these hypotheses have been disproved by various studies [25, 26]. In his classification of temperature differences in the trunk and extremities before and after stimuli triggering thermoregulation, Rost [20] defined differences of 0.1–0.2 C as static temperature and 0.3–0.5 C as reduced temperature following thermoregulation. However, this was also not confirmed by further studies in the facial region. More recent results indicate that the extent of thermoregulation is far smaller, the differences ranging between 0.1 and 0.2 C [21, 22].
In the present study particular consideration was given to the dependency of the surface temperatures and thermoregulation responses on the circadian rhythm. No clearly significant thermoregulation response to application of the cold stimulus was verified at any measuring time. The small changes in temperature detected in individual branches of the trigeminus nerve remained the same at all times of day, and thus the conduct of thermographic determinations at between 8 a.m. and 12 a.m. as recommended by Rost [20] failed to produce significant results. However, in healthy subjects increases in temperature of 0.1°C following application of a cold stimulus are only detectable in isolated cases, as demonstrated by Krischek-Bremerich and Bremerich [22]. Thus the significance of the small differences in temperature still classified by the above authors as thermoregulation should be reconsidered.
While some authors [23] still assume lateral symmetry of corresponding measuring sites, others [27–29] report temperature asymmetries of between 0.1°C and 0.3°C in the facial region which follow a regular pattern. This is consistent with our own observations, showing that left facial side temperatures are in a mean 0.1°C consistently lower than on the right side with no significance on subjects' ages. Irrespective of lateral asymmetry, in our subjects the skin surface temperature in the facial region showed a significant circadian rhythm under standardised conditions. The mean temperature difference of 0.7°C was only slightly below the 1°C mean fluctuation in the core temperature reported by Brück [30] and that of 1.2°C to 1.5°C found by Hensel [31]. The times at which the minimum and maximum temperatures were determined are also within the range demonstrated for the reference temperature, with a minimum in the early morning hours and a maximum in the evening.

Conclusion
The results of this study in healthy subjects should prompt a reconsideration of the significance of thermographic diagnosis in the facial region. The next goal should be to establish an exact thermoprofile of the skin surface temperature in the facial region that takes into account the circadian rhythms, thus filling in the gap with regard to the body surface temperature left by studies on physiological changes in body temperature to date.

References
1.
Schwamm E: Therapie und Herddiagnostik. ZWR. 1975, 84: 486-488.PubMed

2.
Laforie P, Laurent P, Hubin M, Gouault J, Samson M, Mihout B, Menard JF: Cutaneous thermography with thermoregulated probecontrolled microcomputer. Prog Clin Biol Res. 1982, 107: 431-438.PubMed

3.
Passlick-Deetjen J, Bedenbender-Stoll E: Why thermosensing? A primer on Thermoregulation. Nephrol Dial Transplant. 2005, 20: 1784-1789. 10.1093/ndt/gfh901.CrossRefPubMed

4.
Qiu M, Liu W, Liu G, Wen J, Liu G, Chang S: Thermoregulation under simulated weightlessness. Space Med Med Eng. 1997, 12: 210-213.

5.
Van den Heuvel CJ, Ferguson SA, Dawson D, Gilbert SS: Comparision of digital infrared thermal imaging (DITI) with contact thermometry: Pilot data from a sleep research laboratory. Physiol Meas. 2003, 24: 717-725. 10.1088/0967-3334/24/3/308.CrossRefPubMed

6.
Berz R: Thermographie – diagnostische Erweiterung für Praxis und Klink. Acta Biol. 1987, 2: 5-27.

7.
Wilson TE, Johnson SC, Petajan JH, Davis SL, Gappmaier E, Luetkemeier MJ, White AT: Thermal regulatory responses to submaximal cycling following lower – body cooling in humans. Eur J Appl Physiol. 2002, 88: 67-75. 10.1007/s00421-002-0696-z.CrossRefPubMed

8.
Makihara E, Makihara M, Masumi S, Sakamoto E: Evaluation of facial thermographic changes before and after low – laser irradiation. Photomed Laser Surg. 2005, 23: 191-195. 10.1089/pho.2005.23.191.CrossRefPubMed

9.
Zhang D, Gao H, Wie Z, Wen B: Preliminary observation of imaging of facial temperature along meridians. Zhen Ci Yan Jiu. 1992, 17: 71-74.PubMed

10.
Holtzclaw BJ: Monitoring body temperature. AACN Clin Issues Crit Care Nurs. 1993, 4: 44-55. 10.1097/00044067-199302000-00005.CrossRefPubMed

11.
McAllen RM, Farrell M, Johnson JM, Trevaks D, Cole L, McKinley MJ, Jackson G, Denton DA, Egan GF: Human medullary responses to cooling and rewarming the skin: A functional MRI study. Proc Natl Acad Sci USA. 2006, 103: 809-813. 10.1073/pnas.0509862103.CrossRefPubMedPubMedCentral

12.
Fortney SM, Vroman NB: Exercise, performance and temperature control: Temperature regulation during exercise and implications for sports performance and training. Sports Med. 1985, 2: 8-20.CrossRefPubMed

13.
Sund-Levander M, Grodzinsky E, Loyd D, Wahren LK: Errors in body temperature assessment related to individual variation, measuring technique and equipment. Int J Nurs Pract. 2004, 10: 216-223. 10.1111/j.1440-172X.2004.00483.x.CrossRefPubMed

14.
Takatori A: Assessment of diagnostic criterion of coldness in women with thermography. Nippon Sanka Fujinka Gakkai Zasshi. 1992, 44: 559-565.PubMed

15.
Varela M, Jimenez L, Farina R: Complexity analysis of the temperature curve: New information from body temperature. Eur J Appl Physiol. 2003, 89: 230-237.CrossRefPubMed

16.
Inbar O, Morris N, Epstein Y, Gass G: Comparision of thermoregulatory responses to exercise in dry heat among prepubertal boys, young adults and older males. Exp Physiol. 2004, 89: 691-700. 10.1113/expphysiol.2004.027979.CrossRefPubMed

17.
Hasegawa H, Takatori T, Komura T, Yamasaki M: Combined effects of pre-cooling and water ingestion on thermoregulation and physical capacity during exercise in a hot environment. J Sports Sci. 2006, 24: 3-9. 10.1080/02640410400022185.CrossRefPubMed

18.
Low D, Cable T, Purvis A: Exercise thermoregulation and hyperprolactinaemia. Ergonomics. 2005, 48: 1547-1557. 10.1080/00140130500101387.CrossRefPubMed

19.
Watanabe S, Asakura H, Power GG, Araki T: Alterations of thermoregulation in women with hyperemesis gravidarum. Arch Gynecol Obstet. 2003, 267: 221-226.PubMed

20.
Rost A: Thermographie und Thermoregulationsdiagnostik. 1980, Uelzen: Med Lit Verlagsgesellschaft

21.
Bremerich A, Krischek-Bremerich P: Thermoprofile im Gesichtsbereich: Teil I: Bestimmung einer Normwertgruppe. Thermo Med. 1990, 6: 45-50.

22.
Krischek-Bremerich P, Bremerich A: Thermoprofile im Gesichtsbereich. Teil II: Veränderungen bei Läsionen des Nervus trigeminus. Thermo Med. 1990, 6: 109-114.

23.
Herry CL, Frize M: Quantitative assessment of pain-related thermal dysfunction through clinical digital infrared thermal imaging. Biomed Eng Online. 2004, 28: 3-19.

24.
Pembrey US: Thermoregulation. Textbook of physiology, Edingburgh. Edited by: Schäfer EA. 1905

25.
Aschoff J, Gerecke U, Wever R: Phasenbeziehung zwischen den circadianen Perioden der Aktivität und der Kerntemperatur beim Menschen. Pflügers Arch Ges Physiol. 1967, 295: 173-183. 10.1007/BF00362748.CrossRef

26.
Aschoff J, Heise A: Thermal conductance in man: Its dependence on time of day on ambient temperature. Adv Clin Physiol. 1971, 195: 334-348.

27.
Johanssen A, Kopp S, Haraldson T: Reproducibility and variation of skin surface temperature over the temporomandibular joint and masseter muscle in normal individuals. Acta Odontol Scand. 1985, 43: 309-313.CrossRef

28.
Gratt BM, Sickles EA: Electronic facial thermography: An analysis of asymptomatic adult subjects. J Orofac Pain. 1995, 9: 255-65.PubMed

29.
Uematsu S, Edwin DH, Jankel WR, Kozikowski J, Trattner M: Quantification of thermal asymmetry. Part I: Normal values and reproducibility. J Neurosurg. 1988, 69: 552-555.CrossRefPubMed

30.
Brück H: Wärmehaushalt und Temperaturregelung. Physiologie des Menschen. Edited by: Schmidt RF, Thews G. 1987, Berlin: Springer Verlag, 660-681.CrossRef

31.
Hensel H: Temperaturregulation. Lehrbuch der Physiologie. Edited by: Keidel WD. 1979, Stuttgart: Thieme Verlag, 910-912. 6



Competing interests
The author(s) declare that they have no competing interests.


OEBPS/sidebar.gif





OEBPS/A13005_2006_Article_79_Fig4_HTML.jpg
skintempeature ()

8

©

8

ppg eyt

IR

Vi v w3 e [vive va ke

rouned messueing stes.

1000 pm = 200 am






OEBPS/A13005_2006_Article_79_Fig5_HTML.jpg
€
g

before stimulus afterstimulus

v v Pe Vive v

rouped measuring stes

‘_Hi

Pe






OEBPS/A13005_2006_Article_79_Fig1_HTML.jpg
s

Adjustment

Hypothalamus

Hea production

Lsolation of
body surface

Hydrosis

Belaviour

Disturbances:

Body Temperature

teriosclerosis, hormone
levels, pigmentation, .0.

Measurement

[Thermorcceptors
o skin

Thermoreceptors
o core






OEBPS/contact.gif





OEBPS/A13005_2006_Article_79_Fig3_HTML.jpg
right

Vi vs Pe |Vi V2 vs Pe

ouped measuing stes






OEBPS/A13005_2006_Article_79_Fig2_HTML.jpg





