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The Effects of Physiological Heating and Exercise on the Optical
Properties of Biological Tissue.

Hyun Soo Lim* and Woong Huh**

This paper is the study of the reflectance of light from biological tissue for red and infrared
wavelengths and relates the acquired reflectance data to expected physiological changes

within the skin and muscle layers associated with heat and exercise. The instrument was

disigned to collect data from the calf muscle in human subjects with probe located at the sur-
face of skin. Rapid data acquisition method allowed monitoring of rapid changes in reflec-
tance due to a stimulus. This study demonstrates that changes in O, saturation and blood
fractional volume expected within the dermis and muscle layers were assesed by examining
the slopes of the plotted index for heat and exercise. The results presented in this study sup-
port the claim that reflectance can separately discriminate between changes of blood volume

and oxygenation in muscle and in skin. The data demonstrate the ability to measure consis-

tent changes in tissue optical properties during exercise and heat.
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Fig. 1 Schematic showing layered optical effect on
reflectance

713 Zlelw 7HA o)

=

(upper laver)s] #Ha A2

ARG ot E 2 o P2 FHi AFE
7}d Aot} ofglFo] FAH(The lower diffusion)
A4 o o) e £ 9l
K; K+ 8K (11)
o 7] A
SKE layer 19 lasyer 274 %] 8] #HalA 49 HE
8 Hezyy K2t e 2ol €&+ Utk
A(egry
i_.o o~ e—(KlX2+}\'ZX3) ._'\;e—K(XZ+X3) (12)
] . KX+ (K +8K)X;
adzzg ~.CK = X
= K1X2+K|X3+KX3 (13)
Rk
8K = (CK-K)) X’+3X2 (14)
o 7] A
CKe A%d F9 &2 A
Ko K, = 2¢ 1 288 &4 A5
o X, 29 1 25y #7 AE7)0d A

8K o t# ge Keg
2 e
W opdeh Wy
WE A BE WA HHE 2

23371 Astel HAD)
ARt 2L YR P wsw
Aa Esheh wEshe Aol
s

Al H 3 el g4A

#la, B 15 19935F—

2-3 0§ EHOAM 2 =23

HE g ZAE F2 FPAA A @
2 AdEs AfY 52 ZAESE Y 23
WA F BT TE wE zhsd A ulAlg
o) dWahs &7 f8M 715 diAA Y wARR(,

0T 2F siAAe B4R Re) ¥EE B8
o) Az Aol FrUTk

Index(r) = In[Ry/Riern] (15)
4714 712 AAAG Z AR TEBAo|

Tre 33 3 BAR ALY o] AsrE B
Az delH g 2L FA EAz Agle Ui
wAbke] W stol T

3. AlAR TMm Z2H9 MA|

2 ERME WG zwr g4 9l

29 2 o 2ol 49 FAL FAHAT
2 48e AAEHA w}%a 2457 9
A Ade Y A4 F(660nm)T =394

(880nm)-& AlgtA . T WAL VanAssendalft
o 98 el slusedle BEAd g3 A9
stk Hbst HboolM E5A42 29 =43
(660m) 3t =Hejde] w3 Xold ¥nEy 4
Foll 4l 800% olol wiste ZHAL 28%]
Aol 714 JFYoz A2IFETF
eRE AW FH 355'134*4°ﬂf\1b e A
2E3 g Wyl A 92S &F o
Zg "o LEDS TE E}C’]_QE—,;_— Z+
2785 Y& A5
ek AA mAAA WAL F: ZE 'ﬂrommﬂ
A Azsld As AYRE FAse Y FFS
WEl g & g IBM PC/ATe| #33 12[B1t] &
Awot AEF Fu57) 10[KHz]! A/DREE7 &
Argete AAolA AP F G HE T
. A" dolHE QuickBasic ZTZ 13}
Worksheet T2 185 o] feted EAIFoew
g 2o 29 HP LaserJet TAEHF AL &
g3l th

=z

L
oy

) =]
"'I_/:‘_].“T

2 364 RE vhel Zol
, ZZ B (Probe) 2 & F

el



—9485 9

st %o AF WA= Ml Wtel] wE FHH S| wHae] B A7

% Monltor

Photo-detector
-%ignalpracessing—f‘ A/D Converter ) IBM/PC AT mEd Hard dlsc
-3 Printer
aY2 N2y FHE
Fig. 2 System Block Diagram

e S Agor ABAANAZY. TzuE LEDe EErol
LED Scket L=t #AHe] 9lew ¥R EH A
¥ A4S Hol vk Tz 3709 e By

2 7' 970¢] LEDE TA o] 9tk
photodiodes 22 BH2E 4748 TE thole=g BE Uex
vy 28 ARE ZALS Ye Aoz AGIG. A
| v 1 e Bl BAZE AF-AF @rleth P& DC oz
i & e A FwE 2e Agoln. ojAzE
DC e @ ohg WA 2%z QI ofa
e B8 FHS AE57 TEET o] WY o
Bandgess Avsplfe F718 gl 34 Fi4 1900Hz & EL
M dYE 80Hz& REHANUT. WY Furg
FHsZ) A kA FE7) 6 o) 2ES FZ g
ojeob gith. AHre] #AE wgAoRE Qe
RV N 1900Hz 7§ oHe o)A A4l Be wA)
Oemnon j Fies 2 A@ AR7)oth A AFIE dx=2A 2
* -~ B3 ©9 o]Bg zteth o] FFAEE 15Hz
o) AeFase e A9 GR7g FHhek DC
— i HEE F2Adn A9 Ao wAd A7T ¥
Istrument © e Ampiifier [+ AEE 452 g DAZZr S EFA
(Osciloscope) é 714 DCAES 28 s edzAzzd 72

a8 3 45 HEE gt

Fig. 3 Function of Block Diagram for Signal Pro-
cessing

AEol . FAF

ZZBo gl LED7 &4
o 98 AAL A AESF Fz27t 7=
slem ER o= ST LED7/F ALSF A=
sle] 91t} LEDZte] ON, OFF& A|ZE #3728

e
=
A=

S AHEsiEt FARE A2Fe AFALE 8
o ZE tho]Eg 28 FAFE AT A=s

32 =z MA2t =H

o] =z2H¥E 97) LEDS} 47 ¥E Tolox=
T4 Ho Qed g¥ e a9 43 23
LEDs} £ & thel Q=9 Alo]9) AH-& wEo] %
AoH AP FTE gole=z Bojot WL AT
etk F=E 017 fetd 47 EE tele=
T WHEZ Agsgow LED AdAtel &34
AYE FolV1 N8 A4A A& Agstdvh HLH



— BT R

1cm 1cm lem
s M He 2y
- @ ) @
= D @ @
3 -
]
#1 # #3
@® ReiLED
@) Infrared LED
Green LED

[ Photodiode
a8 4 =289 =9
Fig. 4 Probe Design

A&7 o] olF AE € lem, 2cm, 3cm23te] A
Az AAET oK AL F7A UAFe
Hshe gEsaa stdh

44 2 Uy
r ¥Ye Y 223 28304 ¥ 2 7
2 5 wase *Hﬁwﬂ WHE =3 skud

&3 99 **E—‘i“ % shAY FeA F 2
3ol M B AF 94 ~rﬁ—°‘_" AEetel o] ¥
2o BRI g2 RI#B—] Has AR HF
%W 9o TzHL Fof FL IR zA£o
A7 229 &4 o= FE Fo] whabg o]
Heed o Fdi 24 FAg A 2em, 3em
S ddstel TE vhoje =M WAL g dHelH
£ FASY A5 AT A/DAREE AX A

FH g73AF Ak AHFEl HFE dolg
£ QuickBasic =22 1Y} Lotus T2 2P S o] &5}
of WhAlZ el W3tE A7 WE AFRA YEd
= = 71 WY 55 AAAY vE
2 49 UeE AR oz VAN AP AE
F7e=2

o] =]

23e 953 443 e Astd BHtE 4
49 Wate A58 BAGET. £5L 289 5
53 olge m@stel, sk, A4 Qgm, NN

R4 1 19934 -

FUA 220 Y2 AW o FA FReE
WRHY $EE FAHoE A stgon &3
AZe 15% B o] Qe

ARFE LE} 40T EFoUE Agae
Aex A% FA o) Fob 783 9L shsye.
WARY 3 PEe 9 sl 38 T AN
Aeloln AT 2e AN TEFS 42

7hHE o 108 % A3 Wshe FAE
7)o A" Fe HAQT HA F& ALE-IH
o 3973 & 290 744 2eme 3emE 2L
=M FA FH AT

5 gz o 2H

660nm 33 880nm HAo|H FUAYR TR o
©)2=9] o]A A7 2cm 9 3cmol A dlolHE A
th 23 55 £FA A ATFY § o 2A
WAL A 4o Wae dEdRoE NEe 37)
¢ 283 AT AUk o] 2 L+E}»aaie—
Aol Wsle] e 8% sAY Aux 2
A 28 A5 depdRe)th OF 5(a)k: 017:1
A 3emollx &7 SdFAo=2 A F7)dM 27]-0.4
o ghe 2EFF7 A9 o] kLA 9

37|

golX B 7= 687 A &, C Fre AHA
TR SO, o] W £EFL FER ZHo F
3 o)gte] ¥ gk D9 E F7)= L%
TR FAEA 4BET M e} Ao gkl

FH4& 1P Wexeld 7N Biulg 2
o] 2ol AL Wl Frelt Ege =17y A

£ e EFE EFAdE FER ZSeA &
27 F33%) g2E4 24 2 19 5= #

A3 24 #99 Aer} 20md AoE A 5(a)
s 2 23 ¥AdA FA FeRelrh o I
e 239 A9 FAA e ) Boz 2E
Yol £EAT FAW AaFe wie AL
F on A ggrgAst 44 dgAele ¥
7k merdte 9% 9.

a9 62 FREH 9T A A
ol mg bk A 49 welg Uedzles 339
6(a)e FHLH FA ¥4 UFe) 3em AAelr.
29 Adl 7l stdsty] Ae ddeln BRrle
gL Zheke FU)=2 TR CRYE 7}%1 EE
9 102 7ke] 24P HES FAAF RAeth



—Q¥s 91T $Fo d@ YAZYY 4

Exercizs, Right Lag
ree/

T
14

4] 2 a é ' 8
Titme (minutes)

(a)
(a) 493 A&7t oA A 3em

(a) Light source/detecter seperation 3cm

Exerclzes, Rlght Lag

0z L o .
01 ~VL Poa 8 < e E
0 AW (\w M
AN LI ' A
® i Y !
£ 014 P ; i ;
é‘ ' H ' H
5 H
-_5 0.2
5
g 0.3
0.4
0.5 4
0.6 - T

s 8
Time (minutes)

(b)
(b) a7 HEZT o|FAT 2em
(b) Light source/detecter 2¢m
O’ 5 $FFe i A5y W
Fig. 5 Oxygenation index during exercise

=]
fop
IS

o] AgeA 712 sl A FleFe] ki Fe]
#23 W3y JeiE Erglon d& steFe
TEHFMe AA7t FF3%) FaTE g7t A
2™ 6(b)e At ZL 53 FHdAM FA &
A3 o olH Art 2emPu A FollA g
F2FE A5 Fo= vEdAo Y. o] aFdA
zZd 7719 dH< 3emy wWel Zow Ay FdA
= A2 Wyt de ASIFEE FYLE B
F7h At

Wsto) whE 5 549 Astl FF A7

Heat, Right Lag
07 - Light Sourse/Detector selgsratlon 3cm -

8 c

Qroygenalion (Index)

12 18

Time (minutes)

(a)
(a) BA7 H&7)7t8) o]3 A 3em

(a) Light source/detecter seperation 3cm

0 3 8

Heat, Right Lag
_Llght Soures/Datestor separation, 2em__

Teeygenation Jdinlex)

12 16

Time (minutes)
(b)
(b) FA3 FE717te] 14 A8 2em
(b) Light source/detecter seperation 2cm
a7 6 @ AFAY BaAF

Fig. 6 oxygenation index during heating

1} 4 : 24

6.8 £

B dFE wARg oty HY zHdA £
53 gAY HAAEE Ay HgdE AAY
FAdeRAT 24 L 29 28 FdN VF
re] ME At ¥z WEE Ad T4+ 9l
£ 2o F3 gl QAgeA Afoz AF W
2783 Wy o8 Y= =24 R 4
Hu 4k xSETY AIFHe sadele
ATA vIAF MG ol 8EW A B4 A

go M

=
=

3
r



—BITREH £ 1445 F 1K 1993F—

WA ge

wek olet FAzt ALsA B}
SHoz o &

1) Mendelson,Y.

Pulse Oximetry Utilizing Skin Reflectance

and Ochs,B.D., "Noninvasive

Photoplethysmography”, IEEE Trans. Biomed.
Eng., vol.35:pp. 798-805,0c¢t., 1988.

2) Takatani, S., Cheung, P.W., Ernst, E.A., A
noninvasive tissue reflectance oximeter,”
Anuals of Biomedical Engineering, vol. 8,pp. 1-
15,1980.

3) Chance,B., Leigh, J.5., Miyake,H.,et al., "Com-
parison of time resolved and unresolved mea-
surement of deoxyhemoglobin in brain”, Proc.
NstL.Acad. Sci. USA, vol. 85,PP: 4971-4875,
July 1988, Biochemistry.

4) Y. Mendelson, J.C Kent, B.. Yocum and M.J.
Birle, "Design and Evaluation of a New Reflec-

Oximeter Medical
Instrumention, vol. 22(4), pp. 167-173, 1988.

5) W.Cui and Lee E.Ostrander. "The relationship

of surface reflectance measurements to optical

tance Pulse Sensor,”

properties of layéred biological media, "IEEE
Trans. on Biomedical Engineering, 39:194-201,
1992.

6) S.Sumner and D.E Standness. Jr."Hemodynam-
ic studies before and after exended bypass
grafts to tibial and peroncal arteries. "Surgery.
86:442, 1979.

7) H.S Lim and L.E. Ostrander, "Effect of exercise
on in vivo reflectance from the skin surface. ”
Northeast Bioengineering Conference, IEEE
Press. 1992,

8) H.S Lim and L.E. Ostrander, "Skin Surface
Light Reflectance: Effects of Exercise. "IEEE
Biomedical Engineering Conference, IEEE
Press, 1992.

9) B.Y Lee, L. Ostrander, et al”’Use of Cutaneous
Pressure Photoplethysmography in Managing
Peripheral Vascular Qcelusive Disease:Prelimi-
nary Report”, Contemporary QOethopaedies. vol.
13(3):51-58, 1986.

10) Webster MHC, Patterson J, "The photoelectric
plethysmography monitor of microvascular
anastomoses”, Br.J Plast. Surg., vol(29):182-
185, 1976.

11) W.Cui and lee E. Ostrander. "Photon diffusion
theory and noninvasive tissue optical measure-

Ph. D dissertation, Dept. Bio.Eng.,

Rensselaer Polytechic Institute,1990.

ment”,

12) C.Guyton. "Textbook of Medical Physiology”

printed by W.B. Saunders, Inc., 1991 pp. 181-
184.



