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Measurement of finger skin temperature by infrared thermography as a
function test of the autonomic nervous system.

Toru UCHIKAWA

To develop a non-invasive function test of the autonomic nervous system, I studied changes of finger skin
temperature during a cooling test in 45 patients with diabetes mellitus by infrared thermography. I calculated
recovery coefficient by fitting the experimental equation to data, and assessed core-shell temperature gradient by
subtracting finger skin temperature from body temperature. Also I measured plasma norepinephrine concentration
in other 16 diabetic patients. The temperature gradient was negatively correlated with the recovery coefficient (p
less than 0.05) and positively correlated with plasma norepinephrine concentration (p less than 0.05). These results
showed that the temperature gradient was indicative for the control of finger blood flow by sympathetic
vasoconstrictor nerves. In conclusion, measurement of finger skin temperature by infrared thermography can

provide a function test of the autonomic nervous system. It is non-invasive and has an advantage of obtaining highly

accurate data on real time to continuously follow changes of the sympathetic nervous activities.
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Fig. 1 Recovery of finger skin temperature after
cooling.
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Fig. 2 Experimental equation used for curve-fitting
to data.
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Fig.3 Parameters calculated from cooling test.

Table 1 Results of cooling test.
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Fig. 4 Relation of finger skin temperature to

recovery coefficient.
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Fig.5 Correlation between (BT-FST) and recovery
cofficient, where BT and FST denote body
temperature and finger skin temperature,

respectively.
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norepinephrine concentration, where BT and
FST denote as in Fig. 5

[E%£ |

B imid, IRBEEML LI, BFICAR S
NDHMBEOMWME L BIDEA SN S, RERAMK
W, EEAEDSE L TImEANIZE A LR
$, COREBTIIEERIIBRBEREIEL &5,
MBS E W &, B IMAE ASHEER U CIfi i
LN, BEREBMRENI L FTEA
A SIS LT, REERMSHEIR, T4hb
L, BUARKTEHELD R, Puli &Ky
A &9 REBEEETIE, MEOEELZELs3E Tk
JEICHATT 2 &) B RFOB G B E,
R iR M & ic & 0 AR S, B ik
AT 5 L RS LA L, RFILGEEDS
BT HEEERIKTT S, 250, KFER
DOEALEWET S Z L2 L 0 B2 RE i & OB
RWET D EHREIC R B,

B W LG & OB, B2 AF oG, Lk
WX DEAT S, ZhICMBMERN, wik
R, RREZ EFMEE L, & IR
THAEETHA. b FTIE, HFMKEE L FHEH
THORXTE U TAREAFEFR D K F§ I DU
FHThHoT, TOMBZEWHEIEI/ VT FLF
Vo THbH. TOEBEILHET 2 & K MR

BN L, PS5 & i s s g
5.

X502, EEIMEEOMIRIE, KE oz
BN T 2 EMME Cld R, BBRYAE
HNAMKEROBBIZL DD TH S, KENE
BRIIIKEME 2 BET 280 L SHHFRYE %
W T 5D Y, WEERMEEDI-98% 1%
BHRWE LT EAL, KD D2-10%2FKEME
ZHEBTAHICHEE RV, Lo T, REMRE
(o < SCEC S M- B ERIRW & & BT B LT
DEEI L ) LI FEIREEZHET S 1S
X, REMEDOAZLZ O THERYAZ EET S
M3 & O P E A0 GE AR —€ T T 7 4 —
#RHHTHI LB TH S,

g M DM EIZ oW T, FEOHMIZ X
o TR EM M BEMEIC & 5 H, L—W
— N7 I —ik, SEBESENEEZEDHY
ShTwab. LHL, ShEDFBEIIREDFE
JBIZh A FEMEOMIEEZBET SITEL T
WA, RERICH B EIERIRY G O L E & W E
Wi L Tw v,

BRANCHE Lo HARRRICO VW, W
FEMTIT X0 B2 M DU A A & I L TR
IR OTHENE 2 R 5285, IREEHMUAHC b,
RER TR, mRBRIMAE, A% & ORER
B, WIROBREND 2V IZBEN L RE,
NGB 2 & OfE £ ORIFLIT X 0 g i & G
FITUED 2 IHHI S NS, Ry —€ 7
T 74— & HW B RO EIC & 2R
HBBERAR, DEOX) RABOFEIZL S
WEABRALT, LD TTRICRS. LA
> T, Hifk, WEAOEM TICHERE L —ERH
Bt 2 THT ) S A MRINEGTH Y, &6
2, HEEOBMINREBIZE VAR ICRESH
v, ZOEOBEMEIZEICNEEL)
MEr T2 TERSLEIIR L. SHOKE
T, GHAMIIKKICIOBHFLEZIRT &

15



ATERRREREE AL E Vol9 (2000

W&o TITo 7208, BEREPHAZHFAL L
W ah oo, PG TR & & 168012
BT AZ EHMET L2, BIEAKTIRE
DIHEOMICABRENALN G o722 05,
HHIREM 230 Bizaee L.

I EAROF I, WHARMRAERICE T2
EEA Iz LC, Newton-RaphsonitiZ & %3k
e FE2HWT, BAWHEIfETss, KT
EAT, BIEAKR, REtE 325 £ Tss=
AT#*EXP(R*t)IIHTdd2b Z LI L o T
otz FEERIHT AL LT, WL
BMHOKEIIODVWTHRE T4 L, FREITET I
2L E L TRBMEICDA L, 2202l ek
b7 THHEEIIHATHIENS, 20X
BHATRE N

WA AT RER T A Rl IS oW, Wk
O MR % TR ORI BT 2 e il
POREREZRD L HEIRONTE 2. Ly
L, MEMBICENTYREHLDOT, THITL
DWHER EAINE I ElhoTz. SHO)
ETRMEMIINT Y FBHo>ThH, FEoks
HOWMEMIKFETHZ L2, SEOMESM
5 EGERBE RO TWLOT, HlEMEONT
VXL AMEENZT, LV IEEREEERD
LI EWTELRAERD A, SHOHETIE,
LA —iHiZBWTLIELIZASNS X9 7,
B E A IS EE L, BFTaMICHET 5
LI REA, AL, HHEIEEEEL
TRWICHEZEZTLE) L) RBAIIE
EERHEZROAZ LI TELRVIEEDL D S
2%, 1038 OF kst T, AiE OB ix4l,
HBEOHEIIFA LN B E 2o 72,

Bz i & 2 8 ik & o BAR L, BTk
$, WD 5 IZIRBE B2 2 2 LAY
LBNTWa., $4bL, MiEDEILIIH LT
B2 i AR e B L 2R X9, MR ASIER
WA L7ZZIREBTHEI AL SHEMT 5 & &

16

X, MR A LA T A IEF IR R R
AoNp. L L, MiEEDsH DML B
L72IREECIE I UREEEICHIML 72 & TH, K
IR RMEICE L CEAPA LNV E I I
b, SHoOETCTRE L 2B AW
EFNVICEEEZLE, WXV T LK
J§ DS~ E D M & TS BB H O
THET 2 BFICHLT S, SHORE TER
RORYUMUAVRENZ &I, HEREE KW
M E IS8 A —% —Tdh b &iEK
LTWwWh, 2o, AMEHEE BIEREO
WZBWTH, FERFilE B R o R IZED 5
N5 LS MRS 5 Wid i BB B R
DHENTZENDL S EMIT LN

DX BRI IE OIS, KOS X
DHET L2 PSS TwD, /il B, &,
I e O Bz FE LA 12 B ERIRY & A E S
fFAEL, 7 L) SAEB AR T A
RSN TWB, —F, BiEHRR ZORE M
EIZRBEBRYERALNY, 7 L) UHE
AR AT E A CTER L., 202k
RIS S RRFAFICRE CBBRLTL 5.
EE e gy —Tid %, Ehksr it
T 5 BT H IR L, D
EREIHEF SR TWA,. —F, KEERECT
B DU JE 72 & 00 A Ui B o Gk BE W R R & D A
R OB TR T v, Eile bR
POREICTIFD L, RHOEERAFE LT
L, BLTFHROEFRMETLTL 5. KT
DESGDLEMTRFRIVLELV. RNT,
A S KRB LTS &, FIROKMR
PEFEMEL, BUTREOEERAEEL T
 BHDFKBE D, SHOKRFTD, Lk
B IR T L7 HE ClEAAMET L, F
BIORHEERO L QI TLAHTIZES
WCHRBERABAME T LT, 20X Righkk
i & BEREOMICA SN 5 BRI, WEA



[ERMEERRERE S L CORIMRT—E 75 7 1 =12 X 2 BB RO E

EBDIHEMBEIKAFTEILICLEHDHDT
H5.

RIZHE L 72 - FIREEARICOWT
b, Dbt X) RkER0LE), +4bb, Ki
ERD VUL DAV E DRI A $5 2 &1
X0, PO 2 HIR A MR 5 4
AP ZEI2XDbDTH D, PO
Lol BE & VU DAV R O L, A
MERESE LT, WHORMIZEBIEEHAIC
T L, DUIBCR G CRARICE T % 4 il At
AT 5. COMEARI, UBICBIT 5IME
FEAT O IR TN R R B 3D & X IR MR A e &
IFEN BT L 200 TH - T, EEHEIT,
RIEAAREDOBIRDTR T o TIRUL OB EIRY & 23
W L, B M= A3 5. SR
DERIAEAT S B IR ICIME AT A TS &9 12
e o TEYRIML A & EFRIR ML~ D 2B By 25 L,
AU & KRB IR 257 S U Chbakii
FEIZERT L, B2 OB T+ 5. —75,
PR B B IR ML 50D & TR DRE MR T
LaWE IITHRT 5. BRI, Dbk
X FEVEB A A H N B &, IR 0 %
RASHI S S TR B O B ERIRW & 2595 L,
B & ML RSB 5. [ RE IS FRAE M O IR A
Pk L, RAETEO BRI AT 3 % BIR IS 1300
WA L 7% < 7o TEYIR LA & FRIR ML~ 0 #4F2
By L, THICE ) KM O BRI X
W22 < THMBRIMEEDS B L, S 2 o Btk As
BN$ 5. —7%, PR LRS- T
BOmER EA L w5 ICHETs. ok
D IZHERE R R AL, RIRFREI R & e E & 5
72LTwW5,

S OBGETTIE, WE 2SR 8 A% IR LA
Z TR CTHLE LRz v, Zhe Tk
JEROZEZREANRE LT, ZOLEHZWET
% Z 8T & D) AR R 0> K I DR R
BREREY ST 222 TEL IR, XD

2HBR L. B, REYE L FERED
MICHEBEOMMHEA» D LN, Thbb, K
s g, REGETRE L, K
WA S oM D BN CHBERKINS LD,
M, BEImMEEAKE T, BEAE DN
B, KA S O R IZE R A TREREA K
LY, MEAREREAE AL B I I
WEIKAFET DI L EEMNTLEERTH - 7.
202, MEANR L MENEOMICIZAEDIE
RS SNz, Thbh, MAENEAHNT
M, B2 M ASHRE LTI & AMK T L Tl
FEABLASE RS %, WS, MENEDME T 3 g,
Bz I A%t U C I i & A58 L Cii e 2y Bl
ML T DL VHIFERTH- 7.

[ #5585
FHR—E 75 7 4 =2 TTHREHR
ZPEL, KRS FHREEROZICHYT S
REARZ KDDL EIZXY, GRS I
LT 2 A AR o A U Pl o BRI
X3 B RRAS A RE R S & RIS L.
IR =T 75 7 4 — 2w FREF R
DOWEE, LFEBYIIBENTH D, KEM
RO B A L Z MR LT, L2rdb )TN
A4 LR DLZENTELRERNEND L.

EX 34N

(1) Bk H—€7 774 —. F#EE 1988
acs

Q) HWHEBEHEZ Y—Fr77 74 —. BHEARRKEE
A F2f HABEBHRS R

otE 19954 110-116H.

(3) Low, PA Laboratory evaluation of
autonomic function. in "Clinical Autonomic
Disorders" ed. by Low, PA Lippincott-Raven
Publishers 1997.

17



