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- Abstract -

Background: Measurement of body temperature is an important parameter in patient
management in many clinical conditions. Failure to reach minimal acceptable body
temperature standards has been associated with physiological derangements and has
necessitated the application of additional therapy. The authors developed a new, simple,
accurate thermometry system, which could be used to undertake precise temperature
measurement for various clinical conditions.

Materials and Methods: A new thermometry system using a specially designed
temperature detecting and display system was developed. This system contains a
temperature detecting sensor(LM 35CZ), which enables multiple serial checking of heat,
data collection and processing computer, and 3-dimensional display system. It provides real-
time volumetric visualization of temperature distribution of a defined volume and stores
and prints the data.

Results: With this system, temperature can be measured at multiple interesting sites
simultaneously, demonstrated as a 3-dimensional temperature distribution and stored. In well-
controlled, systematic experiments a significant correlation has been observed between
standard temperature and temperature using this system at various measuring points.

Conclusion: This thermometry system is a real-time measurement system, which can
demonstrate 3-dimensional heat distribution in experimental phantom and human body and
can be used for diagnosing abnormal clinical conditions. In addition, this system reduces the
nursing staff work load, providing them more time for long term care to patients.
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5 #AEY] I8 HHAM Ao 2 7t
Bl olgsHE FHAF Fof shiolrt. A9
F94L 18683 =Y 93l Wunderlichel
o8 Hx2 FAEHJLH, 1 o|F H2ZFHo] A/
g9}, dAalE e B ) 2RAS $Y3 Al
olefzlel ekl Galileoe™, Santoriuse
162510 Hx2 2TAIE ANl Alge] A
23319 cH(Hopkins, 1966).

Z7710] a7 A 4L I FdA e
A5l ARE Felshe FHoR o|EHYAIT o5
e ekt gele] AAAE F 3A e
A3 (Gnydiuk®t Naumenko, 1991; Zorgnitti,
1991), hand-arm vibration syndrome?] #%
(Bogadi-Sare®t Zavalic, 1993), Raynaud’s
phenomenon?] A% 5ol &r7lgke] &8 243}
71% 38} (Caramaschi &, 1989), w77 A
£ ¥ iAo ¥slE o & AHE
w3 sb71= g} (Hansen 5, 1996).

ekl Ag A7 BAE WEem AeE
ZA35l7] olEE &HA, T, 384, kA
59 5F zE8AHoMe oo FHIEE 23
slo] 2 Aol 2 thAEz glen (Nobel,
1992, Fritz 5, 1996), 98212 3o] A% o]
£3la ok Mijailovic 5, 1997).
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dre 71&9] &4 PHoRE vFIEE AR
o2 g3 Mg FFslA 7IEE F dxe A
o] sro] HQalA =AUk,

53] X8 EFel &A} olejo] Algo] Y]
% &7 & HAMKIAE FolU 1L 2EA8
(hyperthermia) %l %ol 9¥olr Aol
Aedzs gudd & e AXrF Hasic), w3
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Fig. 1. Schematic diagram of thermometry system.
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Table 1. Temperature data of X~Y plane

—t} A AE 252 Axde] M 2 AR —

X (-8 X (-6 X (-4 X (-2 X 0 X (2 X (4) X (6) X (8
Y (6) 37.77 39.59 42.69 44.92 46.45 44.92 42.69 39.59 37.71
Y (4 39.09 40.92 43.82 45.77 46.88 45.77 43.82 40.92 39.09
Y (2) 39.78 41.85 44.55 46.13 46.88 46.13 44.55 41.85 39.78
Y (0) 41.00 43.14 45.75 46.99 47.39 46.99 45.75 43.14 41.00
Y (-2) 39.78 41.85 4455 46.13 46.88 46.13 44 55 41.85 39.78
Y (-4) 39.09 40.92 43.82 45.77 46.88 45.77 43.82 40.92 39.09
Y (-6) 37.77 39.59 42.69 44.92 46.45 44,92 42.69 39.59 37.77
Table 2. Temperature data of Y—Z plane
Y (-6) Y (-4) Y (-2) Y (0) Y (2) Y (4) Y (6)
Z (4) 41.20 38.05 38.35 40.62 38.35 38.05 41.20
Z (3) 43.87 42.79 42.70 44,02 42.70 42.79 43.87
7 (2) 45.62 45.61 45.40 46.24 45.40 45.61 45.62
Z (1) 46.45 46.88 46.88 47.39 46.88 46.88 46.45
7 (0) 46.77 47.37 47.44 47.83 47.44 47.37 46.77
Z (-1 46.78 47.35 47.41 47.70 47.41 47.35 46.78
7 (-2) 46.45 46.88 46.88 47.02 46.88 46.88 46.45
Z (-3) 45.73 46.05 45.98 46.16 45.98 46.05 45.73
Z (-4) 44,00 44.24 43.97 44.27 43.97 44.24 44.00
Table 3. Temperature data of X~Z plane
X (-8 Y (-6 Y4 Y2 Y ) Y (2) Y (4) Y (6) Y (8)
7 (4) 36.67 39.15 39.45 39.21 40.62 39.21 39.45 39.15 36.67
7 (3) 38.47 40.32 41.83 43.32 44 .02 43.32 41.83 40.32 38.47
Z (2) 39.94 41.92 44.35 45.76 46.24 45.76 44.35 41.92 39.94
7 (1) 41.00 43.14 45.75 46.99 47.39 46.99 45.75 43.14 41.00
Z (0) 41.80 44.08 46.42 47.38 47.83 47.38 46.42 44.08 41.80
Z (-1) 42.39 44.46 46.27 47.31 47.70 47.31 46.27 44.46 42.39
Z (-2) 42.62 44.45 46,21 46.85 47.02 46.85 46.21 44.45 42.62
Z (-3) 42.54 44.14 45.80 46.07 46.16 46.07 45.80 44.14 42.54
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Fig. 2. 3-Dimensional measurement point.
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Fig. 3. Temperature distribution of X-Y plane
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Fig. 4. Temperature distribution of Y-Z plane. 1

Fig. 5. Temperature distribution of Y-Z plane.
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U & g3 Qe v AA 239 shiaa,
Hippocrates7} €o|& thekgt 1oz ish=
AF(sign)9l stz T8 ojde= AH o)
& Felgtn AZE Ak (Janssens, 1991).

ogtA o gRle] AL FF 37°C (98.6°F)
2 st YA F FUtdx Wzt dAgst
T SlojA] o] & ofilo] JHY Yim & 237) W
A&o] ettt HAZAQ A2old TN =
g Aol 36C WTelAY 37.7°CE 20 )
& T3} (Hopkins, 1966). 9AF oz HLeo] &
e 2% A% zei(Hooker?t Houston, 1996:
Bogadi-Sare®}t Zavalic, 1993), R3] A
(Hecker &, 1996 Wong %, 1997: Hansen %,
1996), & 2EA8A &x2| #<l(Prionas &,
1994) 2 X7 A7E #HAste Z4--(Kathouda
T, 1997) Boll vl = WA o]&57] wFo] Al
dtn BEslajof alm A1ZF Av =5 S 7eksl
o B8 &34 (cost effective)e)ojof gt}

AAAQ ol LxAld gt A8 Frke
2] 714, 43l AREe FHVIE, A4n,
7] fAH)E 7Aksld A3 or ok 1%
Awr NFE 88k g E EFAZ] WS F
a3it), AEH L8HE A FPYFA Y £
ol 2Hs= AMEe ¥Ed gE g F 9
. Alexander$} Kelly(1991)e] Rzo] <Jspa
fre] ALAE AH8she Aol Hd 247.227)
483, AR ALAE AHREE 73,4271 28
Hu, HM et ALAE AP 35.220F &
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3 AelolAd mEE-(plateaw)ol TEH o] H]mZE
Zre A1 ol A&siAl FEd AE SHE F
AATE.
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239 x o] & 71E0] fle Aol (Hecker 5.
1996). w3l E4ol Ayt HAZ A AL wfo]
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(Hooker¢} Houston, 1996).

B AFere 419 9718 ARSIAT 34
AHEIE 24719 5 W $3717E 9
AT 72, A9, AR, ot § dske AA ¥
Holl ot]Ex] Ralsle] o AlE <ol ofE] Fglo] A
SBYE FolF 4 gloumz LWt wl$ Hit

HEgAez oRor HIo] Lolg Al
(Zorgnitti, 1991)2<2 9= F% 18] 739
258 Bl 335l vad 5 Jonz Halst
o, 28T I AN b9 22E &3
= 2% (Armstron 5, 1997) #x}e] o g
o] WAE}7] ol oAl A& HE + U
ug ggo] 7IE 3, Raynaud¥ AL ¢
she dl o]&=H+ “cold test’(Caramaschi ¥,
1989)0ll A @ ¢riEe] &8 ol SHe 39l
T BAl E4o| 71sslnE AGE 7ix7} w9 ok

508 =5 Rt g 7|3t 9]4gle]
PEFY FAEE FoE gt 7152 AR
T4 A5 A FAFA (Wong 5, 19979 &
HRoz Hi¥ £x glovw ey x5 g
dolF= " 37 7|9E A= Az

a2 felx AR RFAd 2] A& =g A
A7) A% HFEex SHME H-831A o] &%
4 90e™(Gnydiuk®} Naumenko, 1991), +7%
ol ARo AL FPshy] oefE Lo} fAte
AeEHd = Ul o4& F k. H2e 4@
o] 9Uthe Fukate] Wnt E3 BWQ{ Fobg )
= A9 (Schmitt, 1991), ZH3HA A& &
A& & glojd BHA TS A F o,

O

o ofN

ATRH o= Agshe Aot e 93 29
A ewe) FXPYE YAAY Bgow ATY
dol AR} FEE v WelshA o188 5 ek,

2 o

AAEL G A8 34 AF F3q T 4
A o848 F Qe MEL 2523 A2 Y
371 gl 93elx e @ 7% AT 87
£ 71%g 71 st Wt 225 AR
MEstgict, o] &3 A2dlE AT XA &=
£ FEstn A& FHsl 715 ¢ e F
A=A A8 JMsAE gkl A 2 4w 7
Zo] PHAQ Qg EXEHc) AHY SeIHLE &
2% F d%len, 71E9 A EFFANHG 0%
HesiA Mge| Z; Holo RAHo g ol§F 5
ASE AU

¥ d3Adde) 9% JuEy @ g5 S8t
EA=R
1) 8xle] A& AsE ANEEA A 5 QlojA

A ETHe] Fustel RxLo] HAdl 7AqT

= 3},

2) Ao WiE dogle vt Ao Ad A

A 8% #Zol o] &% F sl
3) phantom® °]-8¢ T A¥H AFE 53

4 ok
4) A7) dLZFA FRAES Qe FUEA U

o2 S HHE AEHoE AN + U

ojx] kel e] w=FE Ao B =S F

4 et
5) @9 71%E Y HAIAE S Ase

BRI A FF AL 5 don, B FAAA

AE A% BeAu|2 o] 48 £ g},

& d

Alexander D, Kelly B Cost effectiveness of
tympanic thermometry in the pediatric office
setting. Clin Pediatr Phila 30(4 Suppl): 57-59:

198



discussion 60, 1991.

Allen GC, Horrow JC. Rosenberg H: Does
forehead liquid crystal temperature accurately
reflect “core’ temperature? Can J Anaesth 37
659-662, 1990. )

Armstrong DG, Lavery LA, Liswood PJ, Todd
WF, Tredwell JAL: Infrared dermal
thermometry for the high-risk diabetic foot.
Phys-Ther 77(2): 169-175: discussion 176-177,
1997.

Bogadi-Sare and Zavalic: Daignostic value of
finger thermometry in assessment of hand-
arm vibration syndrome. Arh Hig Rada
Toksikol 44(2): 133-138, 1993.

Caramaschi P, Codella O, Poli G, Perbellini L,
Biasi D, Bambara LM, Corrocher R, et al.:
Use of computerized digital thermometry for
diagnosis of Raynaud’s phenomenon. Angiology
40(10): 863-871, 1989.

Fritz U, Rohrberg M, Lange C, Weyland W,
Brauer A, DBraun Y:@ Infrared temperature
measurement in the ear canal with the DIATEK
9000 Instatemp and the DIATEK 9000
thermoguide. comparison with methods of
temperature measurement in other body parts.
Anaesthesist 45(11): 1059-1066, 1996.

Gnydiuk AV, Naumenko BS: Thermometry of
the skin of the extremities at different stages
of vibration disease, Vrach-Delo Mar(3): 94-96,
1991.

Hansen RD, Amos D, Leake B: Infrared tympanic
temperature as a predictor of rectal
temperature in warm and hot conditions. Aviat
Space Environ Med 67(11): 1048-1052, 1996.

Hecker MB, Brownfield RM, Rubal BJ: Bayesian
analysis of noninvasive versus oral temperature
measurements to determine hypothermia in
postoperative patients. South Med J 89(1): 71-

—o Ad A4 =23 Alade HA P Azt —

77, 1996.

Hooker EA, Houston H: Screening for fever in
an adult emergency department: oral vs
tympanic thermometry. South Med J 89(2).
230-234, 1996.

Hopkins HU Leopold’s principles and methods of
physical diagnosis. 3rd ed, W. B. Saunders Co,
Philadelphia, 1966, pp 44-45.

Janssens PG: Fever. A guideline in the develop-
ment of medical thinking. Verh K Acad
Geneeskd Belg 53(4). 305-361. discussion 361-
364, 1991.

Kathouda N, Wattanasirichaignoon S, Tang E,
Yassini P, Ngaorungsri U: Laparoscopic
lumbar sympathectomy. Surg Endosc 11(3)
257-260, 1997,

Mijailovic B, Mladenovic T, Hrnjak M, Karadaglic D,
Nikolic B: Contact thermometry of lesions in
alopecia areata. Vojnosanit Pregl 54(1): 31-33,
1997.

Nobel JJ' Infrared ear thermometry. Pediatr
Emerg Care 8(1): 54-58, 1992.

Prionas SD, Kapp DS, Goffinet DR, Ben-Yosef R,
Fessenden P, Bagshaw MA: Thermometry of
interstitial hyperthermia as an adjuvant to
brachytherapy for the treatment of carcinoma
of the prostate. Int J Radiat Oncol Biol Phys
28(1): 151-162, 1994.

Schmitt BD: Behavioral aspects of temperature-
taking. Clin Pediatr Phila 30(4 Suppl). 8-10:
discussion 3-4, 1991.

Wong AM, Lee MY, Tang SF The development
and clinical trial of labor-saving care facilities
for patients in a persistent vegetative state.
Chang Keng I Hsueh 20(4): 272-279, 1997,

Zorgnitti AW: Non-invasive scrotal thermometry.
Adv Exp Med Biol 286: 111-114, 1991.

199



