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Abstract: Blood microcirculation system is an important part of the cardiovascular system, and its
properties reflect human health, namely, physiological features of cardiovascular system among which
one is endothelial function. Nowadays together with known optic techniques of blood flow monitoring
skin temperature measurements are developed. In this paper, we review recent development of skin
temperature monitoring methods for blood flow analysis and present research progress in numerical
simulations of bioheat transfer reached by the authors. First the basic principle of thermal analysis
method for assessing blood flow is introduced. Furthermore, the advancement for evaluation of
endothelial function basing on skin temperature and temperature oscillation is reviewed. Finally, three
kinds of innovative instruments are presented, including an ultrathin, soft, skin-conforming sensor for
continuous blood flow mapping, blood flow-skin temperature converting software, and an instrument for
diagnostics of endothelial dysfunction.

Key words: microcirculation; blood perfusion rate; endothelial function; heat transfer analysis; wavelet

transform; peripheral temperature detection; endothelial function detecting instrument
[PES3265] TP274; RS54 [SCHkARERD] A

doi: 10.3969/j.issn.1674-1633.2016.09.004
[3CF 4] 1674-1633(2016)09-0014-05

MU N B2 R, L- K5 &R AE eNOS 95 T 7™ 4 NO,

ORI Z FIBETE R, SR DI RE AT LI 9 PP
RS RERY I EAR bR, A RS DN R A 00 0 75 VR i
HIFRAGER RGPS B SR i ED IR A N B
90 A AR L TR0 L~ UL 2 ) e e B, T L T
BRAGACHIZE . RER A TE B, 2 SHUARIBEN |
PE . WG Az AR T A ) TR A T A A T Bl

WG B . 2016-08-27 )
EamA. BEAXMFFEALAA (51576033 ) ; ki FTAHA A
(2015F11GH092 ) ; PARBURAHLAIER A

:‘EE;}?%: WL, #3%, WHE, BRI & hRH T, Ltk
IR 'T% O heying@dlut.edu.cn

14 HEEFIZE& 20165E%31% 0988  VOL31No09

NO P B2 T Y i 228 A Bz T ] 85K I 2 0078 1 LA g
55 20 M L 9 5 AR L S B S O™ A PR 1
(cGMP ) , AT 1 A5 P # LEF 3K M NO J& e 4 T il e
SRA TR N IR MR ARSI T, R H AR A I/
R B R i MR B S A S R, TR NO 7 A BRI
¥4 Z2 0] AR AP AR Y BRI RE L SR AE & ok . LR
G AE S B . N BCIIRES R, RRIE N B NO
R P BERSHAT AT RE Sl KR RE B AL S O 14 F S

BERAR R A Dy B, E OB SR MG AL TR
LI o a2 A JLARNR], BOLZE SO R



WU g TR 0 1) FEE R o OG22 i A 2o ) 21 4
L3z 25 | 1 SRR B Sk AR AT B Bk i iR R, kT
VAZEB T 1.5~2.0 mm ¥R . LDF 4t (955 /2 21 40l
BE RN BE TR, PRI, ‘2 T AR 4 2 o Y3 3 A AR
JH A B LB 1 K L EENR A% ( Acetylcholine, ACH )
TR T -5 A BT B Wk, R PO 2238 8 LA
2 FE R e R L I =, ER BRI T ISR I
VHE T (07 Tl T LA B B A5 PN B TR B oA E e
CHEIRI . e I AR S H S Y 2 RS th A 3] T
Mo BARIOG 238 4 R Rl % 4R A S ) FIORS B 09 B4
(R S TR PE AN S AN A BRI T ARG IR 1)z 0 o

TR R N LR TR A . Rl Dy 3 1 K T o
WROEVE SN2 SRRV, 385 AR T B v ARz 3R A
ARSI sh A A HLRE (5 B . i, 18 LA
ASCRIRL [13) €8 75 JOGA X 250 1A 2 Jope 7 o 1 HIR 5 1k
PN Bl DK AR 1 J 3 B e A R B A T, BT IR R
T ¥R 5 2 P Sl ke 2 R AR Sk 5 S LA TR
[l i 26 X B AR GO AT LR A AE B0, a4k,
TAE YRR IR B 0 2 s R BRI B 45 20 U PR S 1
DA, O 2T — SeAR A A S5 T BB 5 15 9 I
TMLEFHEL o 75T LT, B3 B il #453H7 s 1)
FEARTFH, RN AR SRR, ST R IR G 0 P K
BEARSIN 712 LA S Lo g SR R A1 T 44 o
1 MBS BT Ji 12 W L AR Dt Bl

TR SR N e br . 2B WAL a3 BT v 1 T
JIZ & Pennes i T, WIEH

pca—f=lV2T+Qm+a)bpbcb(Tb—T) (1

Hovr MR, c MR, TNSRER, 0, MHH
WP HCR o, NIRRT, TOREE, TR b RN
HR 4% Pennes /& H I BV, Bz R IR BE AN AL 5 L BUAE S,
FFRACHTT AR, R A G, 5 MR o, Q.
— R MLRRE (29 37°C) BT IR, bl
T I YR 2 AR, T R AR A R R IR R
ANIFERAR AU, R R AR 5T i 3 £ el
R TR S WG BTy i B Tk — (R R
Yue 45 1 % J T — b3 ek 00 b R A o R
BRIk, B MG ILE TR, Mgt b
JRRIRBE, JFIRMS B ImBER L 1 om F 2 em A0 K
WEE, 3ob, A YR R TR B R, it
PEAAAE S S R H AR R, ARAT AL I i T2
Nagata %5 * %z & 14 7 1% T LAAR S B JIRA) o i R4 fi J Jik
P14 S st 2 s i) 14975 A SR i Y VB T2 R . Tang 45 1Y)
IEF AR ITIENE L T ARSI RS, I Il v i v
5O 25 ) iU E A DGR IR B 0.89, X EE kAL
[i) AR o1 2 T AN S JER TR 190 4 o) i ) [ () AR AR, 3k 2

TF9% A 3 3k R JOR I AR A 1M e £ S B L T AR A o B %
2 HARHWEM LA (Digital Thermal Monitoring,
DTM )

BRI 2 i A B ik i — A BN A . it
T S I 15 BEL BT B Sl DK LU A S R SR IR I G FE Il S 4
S B [ ok R B N R TR ] L(a) 45 T — M 1
JiSc 4 RELUBTT 0L R 17 ) B A2 MRS, ATRAE B, Iy B
WA P = T A B A B T 1(b) &5 Tt g S B A
TRV YR B BT R 28k . ERREE LT, HEAQIR L {7
FELE— A FRE M7KOT 91 R T WKk 3 Al w1 R B 0N 38
ol 5 FESIKBHIE R AR b, FRJ R Tl i & A 5 R AL
FEARA LG 5 Y S IkBHZE B B LR, 8RR S hest
T i H- 168 BRI I s R B WK R R LR AR E
KA, X — i BRI PR R FE UMM ( Vascular Reactivity,
VR ), 38 e I AU PROvS F8 35 1Hi8 S URLE [ - B AR 2 1
A RRZH NS o 70 M 7 A SRl B i 3k 38 e (B 5 R T
TR A 2 5 o IR B 17 2 4 B iR EE TR FHE ( Temperature
Rebound, TR), 3 & %f 0 M A& 90 B # K 06, JE TR (A
WIEHR AR, FEMm R L IE s A 55, B2 BoR Tk —5E,
B R Wk 2 5 BAT RO AR 1 fE B

Occluded Non-occluded
Arm Arm
' ' 3 o0
.f g 550 ]
3 ‘ ‘ [ 210 ]
210
210

(a) F oy rsh ik B 1%

Occluded hand

40

35+

w
=

Temperature (°C)

N
O
T

20t ——subject 1| |
.......... subject 2
—=— subject 3
—— subject 4

100 200 300 400 500 600
Time (s)

(b) FH5-F 3B L LA
A1 BB bE # o 52 id f2 P 1Y
Desired VR

T Undesired VR

B2 i RALS S o o g B 0 A v Rk 9K 45 R AT EL B

hEESFiE% 2016453135 098]  VOL31Now 15



Gul 45 "5 THG58 DTM HAKT T 56 095 250 A
PR EAAEPE, RER 133 NS T T SE80 oy, X ebn)
MFARSERTE 50 44, Bk, Hrb 19 Ao il
. SEge Y, TR R e R 2 i A4 T
71, HERUMAEAZE, IR R A O S THE AR AR
fbo FIRLERFM, X T B IO EL Framingham U T
43 ( Framingham Risk Score, FRS) {H# & AY# M (ERS,
A AR SRR . R A TRYT IR R
A AR i 6 25 PR 2R ke 00 LA S 10 4 2 A 0 I 95605 1 UG
Grundy et al, 1999 ) ™, FAEITEAE A5 1L A% DA 25 11 [l
THA He Ak e AR IE T /N, Shao 55 U i A% RESE 14 %%
BN, T FLEE T AR, R AL FTEE R X — e
S R () TR I AR AT TR BRITA T, 45 TR
() MLV 2R 5 T ML B RIS X R e &R, R 3 IR
[ R A A S L IR S KB ZE S s (PR B, 5 0A JO
PEFEIM ( Reactive Hyperemia, RH ), B Ifi i 42 55 BH ZE Hij
ARTE],  HCR P T BE ] A R A8 e S A B AT

0.8 T

0.75

N\

e
]

o
o
)

—Low level of RH
—High level of RH| |
* Measured result

78
\\

Average Dimensionless Temperature
on the Surface of Fingertip

o
=
)

0 100 200 T‘aéo( ) 200 500 600
me (S
B3 R F BB A e A T 545 8 T A ey B R
Ee B PR AR EGE BB BR L 4 kot ARG, BIEA R
FLPEF f1 (Reactive Hyperemia, RH) , Bpdnig iz R 5mE
BIABRE, SLEEY IR A ik AT AR IR,

RLLEHFFEUEN] T DTM $ AR T LIAR G i A (1 i il 2
S A I DU RE A, o] LD OO A e . (EE,
DTM R B2 B R4 SR AR B, ATkttt 5 52 1 6
BB A AR TR SR RS . A, Ley % UV 7 Pennes
FRERFEA b, T TR AMS Y e AR TR |
WG B BRI . BR800 PRI AE SO0 VR I A
TR AR TR (SR . FEJSSRBFE h Ley %5 U7 51, 45
I g R 6400 U IR BEE T L5 PA) B8 B A s AE L R o 1) ZE R
PRIV S B A AR R o
3 LT B TR B %5 1% P B¢ i A

AEXF TS, AR 2 IR B IR ¥ 0/ T A M i R
A I3 8 AL RN P B2 DI 6B 3 3 X R A I A S i /N By
B U SR, i A A IR IR T AL HE T 0.0095~2 Hz Z [A] Y
TR HE A L+ 0.0095~0.021 Hz S N B2 AF F A5 B,
0.02~0.05 Hz A HF £ 745 B2, 0.05~0.14 Hz S WLIE M

16 HEEFIZ& 201655315 0988  VOL31No09

TIBE, 0.14~0.5 Hz NWFUAREL, 0.5~2 Hz Ry ki Be,
L 4, TiARHEE (0.0095~0.021 Hz ) 5% i 4% Py Kz 40
ML D RE RIS sh A7 6, TR 0.01 Hz BT A9 I 4R % 15
55 NO & s sh o6,

20

0.01 Hz

Average spectral amplitude

Frequency,Hz

B4 BBk dr 37 T A SR A AT AU
Podtaev %5 P 3 1o X6 2 Jok UL A B HEA T /NI A BT 0 5
FOLZE IS B AT A R I, B JBR I 4 BB A% S5 i i
BN R, 2L VR TEST AS R E: . Liu % 2V 3

fi 2 W Pz 8 il — 48Tk 0 NO AR B (0.0095~0.021
Hz ), Smirnova % ) I3 b Yot (At 4 . - AR PR AR T
AR R T B TR IR B AR e A R B, TR AR Y
SLYG T GAE 2 BV T N Rz o e LR R 5 A B Y
B TR B2 s AN, Y HINEES RS IR 5 i BB IR
I R T+ A7 450 AR B AR S O s . 9 . LT AT B
(14 B2 I T B S (VA R . S BRI, Podtaev %5 1
M LGHE T TR AR AR A 2 OB PR S 5
AR R 22°C I E 40°C FH4ERF 10 min, J#id
XoF F BRI A B/ N AT R R, R AR AR 5 iR
GiRAEAE LRG3l , #2285 LA N B2 1% s i B A AR R
BRGNS T MG A EF KB 3, 5 2 BUBE IR R
AR R KRR RE B /N A B 45 SR o, INARET IS N Bl 2
BRI WA, AHE TR K, RER A
PRSI 7 R B B PTG AR, DR el 5 b A iy it 52 14 T
U Frick 5 B 78 508 (976 SC P 0T B B2 M s R K R mT
PIEN BRER UM S 4732 Zh i bRid

Tang %5 * Sy iz FH 22 4L A I3 i 5 A% S5 7R 407 4 43
BT M AR AT B R BEIR G R A 5 . [ 5 DR
o0 %) 57 TR BETE 0.01 Hz SE RS R0, IR 7 IR (E 5
5555 14 DX TRDXT R 1) 2 B Uk A2 2092 AR IX ] X — TAE R
SRET A BELH 2 P9 I3 ok st nt Bz R TRLEE 3R 7 iR ), (FLIR:
FEPR T () (8 LU S50 T B, TRl A, ARY IR AN g Sz ke
A EF IR F NO MR T 45 E75K2 A2 .

TE LA I Frick,Podtaev 28 P22 i /3-Hr 1L BE 41 35 1 1ML 07
AAEAHDCHE TAE S, SRAT MB/NEE AR, R AR
THE S PR, A R WA 5 AL W (5 5 K A B,
DU DAk % A5 T it Ak P /N AR 5 4 BT 45 2 G L. TRV
WA ( gapped wavelet technique ) 1] DX 31 4000 5 | 2 Y



THCHEATIG B BB AR B TN U R R
PR 5 (8] BT A 8 5 5 P i T 15 80 3 A2

0.4

03 F

320 640 960 1280
time(s)

5 AR RSAT)E W BB Bk B ARy e AL T A (AEaHT )
PN /N AR e B ELAR S BRSO 5 SOH

[ W (a,byw; (a,b)ab

C(a)=
«“ (j: W2 (a.byb| sz(a,b)db)m @

Hrfv wi(a,b), Wya,b) 55l i M55 1/ INE AR 4T 2
CRIINGE 2 500)o Y IU /INBE PRECH B2 /N R, B A G PR
B Cla) MEE, FHBIRAAAE M ZR MG S HERE o
L RAE OGP R INRITAR A 25

T 32K FH Morlet /N X AR B A5 5 HEAT /0N 28 e A L
ASEAH T LI ZENLIEE (0.05-0.14 Hz ) #28 (0.02-0.05
Hz) PLJ Az (0.0095-0.02 Hz ) 5 5iBE, 1 23 W)(E
SRR AR 0 S 55 A DG R v TR 55 i
0.14-2 Hz 35, FHOCHE: RBUENI SIS (F S H2E AR, E
B SHIEAE AR P EREITR LT nivs/INE T AR B A {1
TSRS M, TR DA AR AL A SRR v LR LASUOR 4
B PR T, PRI O BRI 5 A R N i B LA DA
SR ep R R, LR, RRZE AT N 2 S 5 1Y
TR AT OB RIZL PRI AT AR R TR AR5 1
SR ok
4 JEFHS BT BOA 0 i i 5 1k B AL 2%
4.1 fEE R E R e

2015 4F: Webb 257E Science Advances 22358 T
ALl =v el N IR ER I G N RN RS S a e DR R e
TR AR SRR A FH— N A2 3 mm (1 BT IR 3

HEFEPIRIE 14 AN EAR 1 mm, SEIER SR AR B AL
i AR HA Al Bt P A% SR A, LIRS 60 LB
W5 B R R 1 IR O | SRR T

F e

6 7 R A AR 35 X b 44 g 2P0

2T A I RS B FTAE SR AE 2 2 Hz (18 0L T a5 3
0.01°C, A fz F I 3 S 41 AL AL BRI 45 1) S AT LA
PO AR 2 . 255 BROTECAAST R RIAR 1Y (1) 31 0
MrEiA, a5 A e ) A 3R B £ S ok L B
o 5 e sk A i A R S I A, IR TR
TE A BEAA R RN B R R IAE . A L3 £ R A i
To A FITIETT LIAEARZ18 3l . B2l Fl e il 45 25410 1)
PRI X T (24 2 mm ) LAY )RR/ Nk A T B AAG I
JE7R T HAE BRI Sl i i T o
4.2 BT iR EE S M MR ek 4 TBF-Converter™”

TBF-Converter {45 W1 F 45 s M RE ¢ 32HL. {47
TEL R B LA B 5 A PPG (5 5 e 44k, 4R IBUIM 15
55 WRRE S AR Jr A (/AR Fourier A8 45,
Shitzer 45 ), PHAT(55 78, AMFIE AR (55 A8 ik
RMFAES, WATR IS S AR ORI S 5 . BRIL=Z ST,
AR AT SR R MR A S IES R (1. L.
RS2 SRR SRIRES ) DUSHE S R
FbREAb ek 4T . 18l 7 3 TBF-Converter £/ HIARIA

AR BT B R IR A5 5 5 B LA 5 A G 2
BTN - @ i FEk sl b il B 7= A 0 s i) 4 52
s @ WAL BT IR, %I A 2 e kR
Je 5 L B2 BRI BE A Bl 5 B iR A Ak i e P AP AR AR
AR 110 W R I AN AR T A5 1

BT RIS, TER I ER SIS ST i i
S, AR AT - © YRS S T INE AR S,
BRI 5 O B IEIR A5t (i (E AR
A1 5 @ FIF/INS S AS BB IE (IR S 2L 5 5

Sample rate [ehz j BitBtn12 Transform |5w,‘...|
Read Temperaee | Experimentsl Data | eciBF Coneaion | izi0 savebF® |

~Metod of C i —
1. Wavelet filter

2. Fourier filter
7 3. Shitzer's model 3
" & 4. Derivative of the temperature | _:
C

1 [skin Blood i

; 033 Lambda 033 H 6
i 3 3780 C 3650 T 2
T lRho 1057 Rmo 1089

2C  Fourier Filter

1400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 300¢
t, min

; Max Freq
S * Thermal wave Wj |
Read BloodFlow T | _1J O Derivative | — P T =

A&7 TBF-Converter2k 44 #, & 7

hEESFiE% 20164653135 098]  VOL31Noww 17



T =

4.3 M K IhBEIS BT 4 B Microtest 100WF?

Microtest 100WF 3 32 45 0 5% 1 1 7 Jik 1 5 38t s ok 43
Wil &z 8, &P U FM Diagnostics 23 A J A %
Rl ABE 1% 22 BT 5T r LA B S b = BT R . Pty
PR PR A U A% SRR T A SIS Sl B 2, W K B AT Gk
0.001°C PN EFR Az /N 28 Ak e AR TG R il {5 5 23 A
deaﬂﬂﬂ?, A FN R 5 IR ARG E Y E X
SEfE5 A AR T LIS fOm 45 N BOIRAS (818 ),

& 8 Microtest I00WF 3 & 2| 3%, 7 %12
5 Mm% R R 2R VENDYS™!

VENDYS s Endothelix 23 ) #EHH Al 101552 Wi vascular
reactivity ) IR{XEE, EAMRIEIIEERATIA DTM iR, BEHE
TSR, M IR (2~5 57450 ) LBl Fe e it —
TR, PR AT RS 8 AR T ik 3
KAE G IEFE GO RIS 125, X — 2= (A BAR o IR
[E]FHE (Temperature Rebound, TR), UL 9, 38 F 0o ML 50
B TRAGLGIER AR, Fuim /i iE# A5, VENDYS
AT TR A MR NRFIWTR A EA O SR 1 fa s
VENDYS (% R BREE R R B, 42000 935 75 2 T B A T2 R A
ROMHTERAT, 5 A 5t i3 B o8 B TR B A A EL A%
SRAEF T . (HHT DTM $R 255 32 A T IR kL 3 52 )
FI T HREXT N B DR A R HEE LA 70T

Non-Occluded Arm

Max Temperarure

Cuff Inflation

I Equilibration

-
Occluded Arm

Fingertip Temperature (°C)

Cuff Deflation

3-5 Minute Cuff
Occlusion

3 Minute Basline

|
|
|
|
|
1
|
Equilibration |

5 Minute Release

9 iﬁ}?\@;ﬁﬁTRé‘J 2L

6 D&k

TR EA R WM, W I BT BRI
W AR /N, AT 2T, AT LA e O B R B AR Ak
5B R AL A e, L, S M s AR
JEEARARAT DA )42 25 21 A0 ol Y R A E Y, TR B A
233 ) Sz PR 5 53475 LA B B o i 5 o s i) ) 2 £ 6 0
WEEN—4,

ARSCA AT PRSI N e DI RERIAR BT ik - a4
FEAMLIZ I 1) DTM 71 DL ST/ N A 1R BE PR % AT 7

18 HEEFIZ& 201655315 0988  VOL31No09

o IXPIRPTT IR AR SR B IR BE 7 52 21 e T e Aokl
25 BB AT UM A A S A R ET K D RESR SEBLAY o
FEXHTT R, PP R IR BE IR ol S RE A S e P B DR,
H I TIREEIR G IR EAAR, mokf R AR I 2 OC i BE

EAFTE R, A R DR BE U -5 1 38 O 3l g
FAOG, AR AR AE AL o At v A7 AR A3 MR ) R (R D AT A
R, mRG R 5L B B R AR i © LTk, AR
%%%ﬁ%ﬁﬁ&ﬁm%LL,YLmﬁﬁAL&ﬁE%

SURINE Py Bz F 2834 1 A B B A

CIT KRS H RSB R R Bz 8, @
WESAE, A e MES LRI RIEE, BEEXH
DEFRMLEIA TR RRARITE, AT LU T iR
ML N BN RERIMS S 22T 2 L TIPS W7 S AR B

[BA k]

[1] Patvardhan EA,Heffernan KS,Ruan JM,et al.Assessment of
vascular endothelial function with peripheral arterial tonometry:
information at your fingertips?[J].Cardiol Rev,2010,18(1):20-28.

[2] Stern M.In vivo evaluation of microcirculation by coherent
light scattering[J].Nature,1975,254(5495):56-58.

[3] Puissant C,Abraham P,Durand S,et al.Reproducibility of non-
invasive assessment of skin endothelial function using laser
Doppler flowmetry and laser specle contrast imaging[J].Plos
One,2013,8(4):¢61320.

[4] Morgan PB,Smyth JV,Tullo AB,et al.Ocular Temperature in
Carotid Artery Stenosis[J].Optom Vis Sci,1999,76(12):850-854.

[5] Merla A,Donato LD,Luzio SD,et al.Infrared functional imaging
applied to Raynaud’s phenomenon[J]./IEEE Eng Med Bio,2002,
21(6):73-79.

[6] Mariotti A,Grossi G,Amerio P,ef al.Finger thermoregulatory model
assessing functional impairment in Raynaud’s phenomenon[J].4nn
Biomed Eng,2009,37(12):1631-2639.

[7] Pennes HH.Analysis of tissue and arterial blood temperatures in the
resting human forearm.1948[J].J Appl Physiol,1998,85 (1):5-34.

[8] Kai Y,Zhang X,Zuo YY.Noninvasive Method for Simultaneously
Measuring the Thermophysical Properties and Blood Perfusion
in Cylindrically Shaped Living Tissues[J].Cell Biochem Biophys,
2008,50(1):41-51.

[9] Nagata K, Hattori H,Sato N,et al. Heat transfer analysis for peripheral
blood flow measurement system([J].Rev Sci Instrum,80,064902.

[10] Tang E,Yu C,Li S,et al. Measurement of peripheral blood flow volume
with new heat transfer method[J].J Med Bio Eng,2015,35:677-684.

[11] Wang X,He Y.Experimental Study of Vascular Reactivity in
the Fingertip: An Infrared Thermography Method.Proc.of the
3rd International Conference on BioMedical Engineering and

T#HE 49T



HRILE

versus manual wound measurement techniques[J].4rch Phys
Med Rehabil,2006,87(10):1396-1402.

[15] Sylvie T,Benjamin A,Yves L.Three-dimensional assessment
of skin wounds using a standard digital camera[J]./IEEE Trans
Med Imaging,2009,28(5):752-762.

[16] Irving BA,Weltman JY,Brock DW,et a/.NIH ImageJ and Slice-
O-Matic computed tomography imaging software to quantify
soft tissue[J].Obesity,2007,15(2):370-376.

[171Ahn C,Salcido RS.Advances in wound photography and
assessment methods[J].Adv Skin Wound Care,2008,21(2):85-93.
[18] Resch CS,Kerner E,Robson MC,ef al.Pressure sore volume
measurement.A technique to document and record wound

healing[J].J Am Geriatr Soc,1988,36(5):444-446.

[19] Sheng WB,Zeng D,Wan Y,et al.BurnCalc assessment study
of computer-aided individual three-dimensional burn area

calculation[J].J Transl Med,2014,12(1):242-253.

[20] Griffin JW,Tolley EA,Tooms RE,ef al.A comparison of
photographic and transparency-based methods for measuring
wound surface area[J].Physical Therapy,1993,73(2):117-122.

[21] /76 3% T A AR 5k S B AR BARAR T 00 T ik A2 [0,
475 & 52,2008,23(1):114-115.

[22] ) 32 A, %) ST, 3R 08 4T 2B AR AL R B R 5 48 A (M]3 T
T A A, 2000:44-45.

[23]Molik M,Foltynski P,Ladyzynski P,et a/.Comparison of
the wound area assessment methods in the diabetic foot
syndrome[J].Biocybernet Biomed Eng,2010,30(4):3-15.

[24] Foltynski P,Ladyzynski P,Sabilinska S,ef al.Accuracy and precision
of selected wound area measurement methods in diabetic foot
ulceration[J].Diabetes Technol Ther,2013,15(8):711-720.

[25] Mehtap B,Ulkii YG.A Comparison of 3 Wound Measurement
Techniques: Effects of Pressure Ulcer Size and Shape[J].J

Wound Ostomy Continence Nurs,2013,40(6):590-593.

EHEF 18 T
Informatics (BMEI2010)[C].IEEE proceedings,16-18 October,
2010,Yantai,China:1180-1184.

[12] Gul KM,Ahmadi N,Wang Z,et al.Digital thermal monitoring of
vascular function: a novel tool to improve cardiovascular risk
assessment[J].Vasc Med,2009,14(2):143-148.

[13] Grundy SM,Pasternak R,Greenland P,et al.Assessment of
cardiovascular risk by use of multiple-risk-factor assessment
equations: a statement for healthcare professionals from the
American Heart Association and the American College of
Cardiology[J].Circulation,1999,34(4):1348-1359.

[14] Shao HW,He Y,Mu LZ.Numerical Analysis of Dynamic
Temperature in Response to Different Levels of Reactive
Hyperemia in a Three-dimensional Image-based Hand Model[J].
Comput Methods Biomech Biomed Engin,2014,17(8):865-874.

[15] Ley O,Deshpande C,Prapamcham B,et al/.Lumped parameter
thermal model for the study of vascular reactivity in the
fingertip[J].J Biomech Eng,2008,130(3):237-243.

[16] Ley O,Deshpande CV.Comparison of two mathematical models
for the study of vascular reactivity[J].Comput Biol Med,
2009,39(7):579-589.

[17]Ley O,Dhindsa M,Sommerlad SM,et al.Use of Temperature
Alterations to Characterize Vascular Reactivity[J].Clin Physiol
Funct Imaging,2011,31:66-72.

[18] Stefanovska A,Bracic M,Kvernmo HD.Wavelet analysis of
oscillations in the peripheral blood circulation measured by laser
Doppler technique[J].IEEE Trans Biomed Eng,1999,46(10):1230-1239.

[19] Kvernmo HD,Stefanovska A,Bracic M,et al.Spectral analysis

of the laser Doppler perfusion signal in human skin before and
after exercise[J].Microvasc Res,1998,56(3):173-182.

[20] Podtaev S,Morozov M,Frick P.Wavelet-based Correlations of
Skin Temperature and Blood Flow Oscillations[J].Cardiovasc
Eng,2008,8(3):185-189.

[21] Liu WM,Meyer J,Scully CG,et al.Observing temperature fluctua-
tions in humans using infrared imaging[J].Quant Infrared
Thermogr J2011,8(1):21-36.

[22] Smirnova E,Podtaev S,Mizeva I,et al. Assessment of endothelial
dysfunction in patients with impaired glucose tolerance during
a cold pressor test[J].Diab Vasc Dis Res,2013,10(6):489-497.

[23] Podtaev S,Stepanov R,Smirnova E,et al.Wavelet-analysis of
skin temperature oscillations during local heating for revealing
endothelial dysfunction[J].Microvasc Res,2015,97:109-114.

[24] Frick P,Mizeva I,Podtaev S.Skin temperature variations as a
tracer of microvessel tone[J].Biomed Signal Proce,2015,21:1-7.

[25] Tang YL,He Y,Shao HW,et al.Skin temperature oscillation
model for assessing vasomotion of microcirculation[J].4cta
Mechanica Sinica,2015,31(1):132-138.

[26) Webb RC,Ma Y,Krishnan S,et al.Epidermal devices for nonin-
vasive,precise,and continuous mapping of macrovascular and
microvascular blood flow[J].Sci Adv,2015,1(9):e1500701.

[27] Sagaidachnyi AA,Usanov DA,Skripal AV,et al. Thermography-
based blood perfusion imaging in hands: spectral amplification
and time shift[C].Quantitative Infrared Thermography.2014.

[28] Available from:http:/fm-diagnostics.com/index-eng.html.

[29] http://www.endothelix.com/

hEETIZE 20165E831% 098  VOL31No0v 49



	页面提取自－CMD201609
	页面提取自－CMD201609-2

