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— Abstract

RELATIONSHIP BETWEEN LASER DOPPLER FLOWMETER
OUTPUT AND STAGE OF ROOT DEVELOPMENT

Wan Jong Su, Hyun Jung Kim, Young Jin Kim, Soon Hyeun Nam

Depart. of Pediatric Dentistry, College of Dentistry, Kyungpook National Untversity

The purpose of this study was to evaluate the changes of laser doppler flowmeter output as-
sociated with stage of root development.

Laser Doppler Flowmeter was done in 40 elementary students aged between 7 and 8 years and
in 20 adults aged between 23 and 24 years. Among 40 elementary students, 20 had apical fora-
mens with 1~2mm diameters and another 20 had ones with larger diameters than Zmm.

The LDF values were analyzed with ANOVA and paired t-test.

The results were as follows.

1. Immature root apecies group had a higher tendency than mature root apecies group in LDF
values, but there was no statistical significance (p)0.05).

2. There was no statistical significance in LDF values comparing groups with immature root apecies
(p0.05).

3. There were no significant differences between right and left central incisors in LDF values (p
0.05).

Key word : Laser Doppler flowmeter, pulp vitality test, immature root, open apex. pulp blood flow
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_ Closed apex

RI 20

10.84+3.63
LI 20 10.59+1.87
total 40 10.72+1.65

“I'able’1 I_DF’valuespn’Max;IIary right and left central incisors

Cistzobx|2Hats|x| 26(2) 1999

(Mean + S.D.)
Open apex(1~2mm)  Open apex{over 2mm)}
12.28+4.70 13.19%4.32
13.29+3.26 13.41£5.71
12.78+3.33 13.31£4.78

RI: maxillary right central incisor

2. Nz

LDFE A&¥ (0.8-1mW)=} 2 94 (3 630nm)
o] A28 Periflux system 4000(PerimedA},
Sweden) & AHE3IH 2, AITHAITE 0.2%, AHEH
24T E perfusion unit(P.U.) T probet 2
73 1.5mme} PF407& A&t

3. Al

AGREH ARl dA N2 gAoiRe] ol
% 22T 7L FH] A8l A2E PAA

AZ1E XCPE ©]4-3H :i:_-—i};}@ o 3} t} 9|
S ATTS 7R R|ofe X 2dF A ATH
o] gEFqA S T4 9 &]ﬂﬂa}f’; Eria
™ o) 7 8ol 3101‘401 Ae]¥ 2 (MitutoyoAl,
JAPAN) & o|&-3to] Z3 et

LDFd 93t X488 HAE -‘v’%’éﬂ AR o} 2
AzZE %ﬂl‘& ¥, 3712 Az 3 AL 7Y
e HAE 7] g8 A2AolA 3mmEelH A
of THFHE My on 10%94e 2 15237
AR BFEERE ©)-8-3Hd probe hold-
erg F-23519 .

AFdFF F4L 4 signale] HHE o 714
o 5E7HF BEBA L signal®] M-S EIT £ 5
ot &k} g E el ”;‘71‘7‘]2 A o]

&3stglon, Z Alg#ite] LDFEA & ANOVA
testg o] &3l HlwaY T TL A - A
o}7to] W& paired-t testE ©]-&38lsict

439

LIt maxillary left central incisor

=
e
z
=
o0

 clossd mex  oen DX open ex
‘ . (Gomm (over 2mm)
Fig. 1. The values to Laser Doppler Flowmeter on
maxillary right and left central incisors{mean
SD)

1. Laser Doppler Flowmetere| &4

2o AT 2 2HF A A0 nE Xo}
o) LDF&3 L Table 1 2 Fig. 13+ 29k}, v
A NZHE 71 Xolell A 2 % 21 740] 2mmo]
29l 7$- 13.3144.78, 1~2mm¢<! A% 12.78+
3.33& Vel o, 9" A 2E 7HE R ofell A
10.72+1.65% YERRo] g A7 o] Z7he| ut
2} LDF2A A7} Z718he S BRI S48
2 AL STt (p) 0.05).

rﬁ

2. 542 Hofzt vl
LDFRAIA 29 Aokt vl mis
Fig. 17} 2] vehatel,
ATRT PAKT D A% BE A$ Aokt
2R glo] f1% Aol vEhbA] 23k (p)
0.05).

Table 1 %



J Korean Acad Pediatr Dent 26(2) 1999

V.1

2k

Aol @ 7] Ao ¥Esle x| o} Mg] X
5.9} 2}7tel 4] Ao} ﬂEoﬂH ﬂ?*ﬁé
23] Adsi] 2A/A =

nL\LL
o
2~

.
i
% 7

°© .

At o g oy o3 A5
& ZTE B2 HEo) XHQJJ&M]
g &ate A9t govd, oA
Ax

RS L ADF AN AT 9

flo Ag

<8 IS s 9 AFAEY 353
o] Andreasen’s ¥ X|o}o] 9]/¢o] 713
Aol & 27] FFAIM AdH
g
a}‘f-_l' 7VFsAdo] =vtn X 13 th, Smith
Aot 2ol glo] Foix]e] 2ol A
o20]9 1/3~1/28 = 3489 7+ AF8E
FAE 7FeAd ol T &t.em, Klings P&

A7ke] R|ofol A m| A A 2HE 7H7] Ao}

74 2 908 A2

A% 25749 =710 BARe] 18%NH AR
BE BRHAAY, 2837 Immelsiel A5
£ Aot A5t BTk Bastel
9 470] 255 AQBH F1540)
AT,

Aste] Rs) o] My A2
94 we A, 3 AR
Hug 3¢ 7detn A7 BA
R EECEELRE LR E R
F71 948 4 Qo ATFRE 4

0 0o
zr =

i

Z
Be ujgy x2o] 94E Az o
AYAL®, map] 5o} £40e 1%
HYY {78 27]0) AB3E Ho] 239 0|8
Aol ArIA) A4 ARPRT} H o) 3
AR AR =a% X|ojMdz
£& cl&3ie] 8L ol e
4 xwg 9 f5o BT AFHY 4
24 ?ﬂz}\ Tl Aesn

o T

off PN N

P,L

}ﬂ
_‘_L
2
_ﬁ
Nloﬁ
N2
)

N 2 %0
gg e e

AN

L
K
L.

<
én\‘ﬁ‘

9 b Ay P

lg
on B
é
_&
mlm
OE
E
O
HU
)
A:, ¥
Bl £ ox £ ox

440

At ol ALBEY HAE A5 EAste 72
ZNART AR TAE T AT
£ gt aAt she A7 Ao

A AAY e F8747]4] vl dFFol
Aur 3R2AZ dFAF] HAW2A AFH
Aete dBe 2o 23E 59 EYskH AlF
o A mAEder TAYH itk d#9
ARe AFN e @R sor A
ol 2% 200w =o EatH, AlEHE 100w =
EAEAL 10mE gA G=tb, B3 A5 /
gko X @y X2 28] FEP o] X|F2HE-9

j= 3
=
=z
1.

|

7 A5 ofE RIRT ¥, 2UTR 23
go) A2 S0 e e FATIN 2ol
ELECEREEER PR TR D

oA B TARAYS FAPE] w2l A
ol 3470 H1ak 1319 B5eol w08 A
Z:]‘]'o}“ﬂ:‘ﬁz o2 He ANENE o] o

M rJri
o o rlo

02
AL ol

o, EE
]o

&P

o
ol
27
i

gk

e ox
o ®

i.’L
o e
oy 2
N e
2 1y
rE rﬂ
oo ¥,

o
i

o
o = >
e Tl ok
lo 2
b o
NoAr A

S

n
4
o
e A
o=
gt
J
o
22
o it
ok
ol
ox |o D
o E oo

1o d
>
=
(i

e
2 &
rﬁ ol
ox \:j

z

i

2%

)

o,

EA

o,

S

ol

o
2
rl
LU
it
N
a2
Db
A
o2 rir

£ 4 o

N
b2
%
%2
to
1
oX,

e N
—

X0 o

RO )

u

)

T

fd

N

£
B
jins
ol
-
£
[
-

ZHo| Teahd, wbd
Jolol| A Eleloll e dd ¢ AYAR wheel 7}
o] AP, w3 JYTe Fxe FE9
9] Perfusion Unit® @92 A}88+& LDFAAM &
A& AYF @97 Aad ¢ QP e Dol

Nt

A

of M ff 10 o i Jn O U o o

bas _IIN' E]-J
o o

ooz

LDFe} 92 $207)914 & A% (1-3mW)
o) HeNetel A%l TAHE §HoIE £
(87, O YAAL)sH AN sl £

AL M HRIE 43 Al L Hlo}*oq
=S e Aold FPe=

i

’E E‘_TL’] l"5-"'} %9 #9l Perfusion Unitg
ARg-3he}
o|E LDFY 27| $82 =2 A8 494

S5 Azddd BHFE ABBAE ZAS



7] A3 AHEPER A, Stern 02wl 2A 5
Aol & FF A E Fodlo FR{Y HE &
Aslg.om Oberg’s %7—1% WilliamsE?& t+
32 3283 Hellem5®2 3lot3d d43l= &
74E AR /RS vhFeA ARE AT
zlotol) #at & glolA 7] laser?] AZF
Fapdel gk 7o A7|H R ont, Aol &
z2Ade g8 HFAT 4 doiH 2 EFT
T-Z2Eo] ZA et laserd] FH7} 7He"sl e A
o] Hug ol¥F ALY HAAMPHOR 1 3
o] gjjx]of grt.

LDFE °] &3 XNFAEY Al #Hsto
Gazeliusg'"0] %2 Aol 88 F U<
B33 0|8, Vongsavan® Matthews™ = LDFE ©

gl A Jold & B3 XFEREE 34
dﬁ" Olgart5¥2 278 Xo}d AFIFFE
LDFE o] 43t 9dwtA] & AR <} v|uSA
8o Gazeliuss”# Musselwhites”2 A
g¥o] e AR oL 322 LDFE ©]8skd
A58k A3} pulsatile signal®] cardiac cycle® Y
A veldtta B a3t Gazelius, Olgart,
Edwall & 114 &de @78 s} 44X5
LDF$ Z71AFAALE ol 838l AFdd S
2% A3} LDFE ol &3 A¢ A 159 F
keS8 BYAY, 65F FEHoR A
< JeERia, OREF BE Xofel A Rk
vehflo] A AFEFE &t ok
ok, 2y, AN FEAR § 01 X RE S 44 A
o}z 37l Xlotgt uk-g-3lgi o 2 x| ofel| A
4A3) wkgsltn Easte] LDE7F AR
Ao Blg) 270 NFAAEE ARE SHTE F 3
v Busder, =g e njgd X Ede vt
7 Xoke] X|AEE AL 9o A7XFHARE
@A) 28.4%N A9 %A vHEE eI e, LDF
dME 100% 3 ke Uelfo] nlghd X 2w
71 Kol 2l Aol ¥ Ao AL 3

1ﬂ! r>

ﬂl

O

é
ir JIN'

b ol %

CRRRARS

o

o8& LDFE o3 A4 o2 Hobt 214
& we A% 2l ASNLHE FAT 5 e
o, ol 2R IAARE RAAA Mgy A
2eg 71 Aotld 2BARE NPT A oH)
g ol§% 2AYYEA o2l g L Holdde &

o ofo

441

CHEt4-obx|2tErE|X] 26(2) 1999

e Sz A% A2 AU hed e A
AR5 et

a3y, LDFE o8& A
ol YREe] Eue ¢4d
Rolglom, vighd Aoee EH%—E Els 2]"“ﬂ o
o B3 ATE et &
F7Aole] e R vl
ol A THUEE AL nHE o LDF:=: 01%?&
Ay aE Al ol (A8 S W] 4
3 7)) P estelet Abrdn

Aukyg 0 2 X ge AEAY thE BE zA 1} u}
AR 2HA WS ST Aoke WEl]
AREe) Aol whe} Aol Wepdel ARoz 9
3 AeAHT SAFHA0] BAVE, a7
> 2ol BT 9o A, TRTAR
2] W} XFY R ol o ARTFY HEFE 29
DT} L3 Kramers?< A% 571l wheh #5744
olale] ARA AAo R <3 Aol T AR A

X

A8 HAatl A

3

Fe o), oApyelas) 3FoR A 2o

el wA Uy Sae Zdena dad. o
5 238 Fxsid 2 0 299 A2vs oey
A2HE 71 Aok} AFRFHINE Hoj o) 3}
SAe2 ARSI Jaske R P9Ad
A4S BARE 712 4l Qo) e F

s3chn Ak

LDFe| 98 X$8F A4 SR 9%F=
x| = 949 el Ingolfsson, Transtad, Hersh,
Riva 5% 249 & o2 3 LDFEA 9}01
st FHR) 7} g, kAl “]5ﬂ
2R S Jep vt AL, Vongsavanﬂr
Matthews S22 58 FS 23590 WAy
Aold S AATE LDFEH < B3l AlAA &2
& A x|olol] H|F EH & SHAE AT
1 B3 AR A SAA dFE vEE
AAVeg e Olgarts”2 X|olke] Ao o)A
T JFS e $ 9vkx it £3, Edwalls”
2 zaxjolgts 2R uet ZHA L G2A
Uehd 4 glom 28 FE REY 4 Ha=
a7 et H4a A2 4 3mmeold Dol X|of

S 2QHE 2402 AN, MCDonaldE
0.0 |agerd] TAfo] A4E X5 ARz BE

Z3o] 7hg3e old] mE LDFEA A9 77]——5



J Korean Acad Pediatr Dent 26(2) 1999

B 1138} 3, Ingolfssons 22 probeldll &A=
laser® FAVSHE transmitter®) WolEolE re-
ceiverrtole) Ae)7t B4E o Wi 4& 592 &
F% 27 o] 715k old we} T8 LDFE3 A
2 A& vtka 3t 2R E vuA Y 71F
o probeE AHg-3toof gk BT

LDFE o| &3l X2ty S8 rol ma& A
RS SHstua & £ APodr e Aotz
93k G wiAl Sl aAt N2 E 7 R ophE
ez sigon, X2 HA& 3mmEold F
ol probes F3IA SH3ACE NFEHRE 5
PAE A" A2ATE 7HR HetellA] 10.72+
1.65 PU, AZ@Fo] 1~2mm?S! X eolellA 12,78+
3.33 PU, 2mme]/d¢] XotolA] 13.31+4.78 PU &
AN ATggo] F45 NFEFE] 2 Yo
U BAEAQ Fo4d0] YehA] g%oH, X2
o] F45F AL Fa| S7tEYs AT Hu

S gelskit.

olg} 22 Avhe LDFE o] 43 AAHo| X4
AA 2] Fgo] opd TAA R\ EFFW =4
&5 Q7] WP oz AlREh A5l FAE A
o 4 9)%o] LDF 98 A E EFHE BT X
AR 2ol B EAske ZAZE R
AP A ol#F ZAEHE AA AFEH
10%AESE AR}, a3 X 2hEo] FFE

2337} & A UERd 22 IngolfssonT™ 2
Vongsavans? 9| B g 28 o Aokge] &

SAT sjM ey B} lasert g F-919
A FA A 8l o] B IS T2 0E AvE
Tt EF X THe] $HdE Xole FET 7350
L 2 A9 LDFEH A7t Gazelius, Olgart,
Edwalls?®9 Buett £/ Jegved ol
probetlol £33+ laserd FAFHE transmittereh
lagerE WolEo| = receiverAtel g Agl7t HolA
2 2R EFE ST 4 vk Ingolfsson
S99 HuE A AHEE probe’t A E 2377
Eoz AztE)

2 Age daE
A &8 ZAFAlo] LDFAH-2 /‘]ﬂ*éo] A Wy

1T o, o Aofe] A

=}
ol TdX|o}e] LDFEA X AARY = ATHE
o] BeA T BAZC| 20tH77}xl 543 71FS
ALed & Ao AIRHY. X LDFE o] &3

442

Y
o
i:{
r\r
R
L
. lo
_*
)
2,
o 1o
St
of.
o2t
o
=

#ojy 9 2gF 27]9 wE LDF
243 W5g v zdlr] s 234914 244 B
I 209 2 TAlGlA 84 A g ol F A2
3717} 2mmelAel % 209, 1~2mmel ok
207 2] Aot AL ZAXNE Aoz LDFAAE A
YA LDFE 39 signale] vehd o) 77 5
ol #zs9l o, o1 Ael) Tgx 5_ro]Al =3

st

BE AR XS AT T, 4 A
F#7te] LDFEA A& ANOVA testE o[£35t ¥l
WA FLU A FH Xobde HmE

g o] &3 thE3 2L AES I

Aol glo] g A2eE 7RIl
ey 7}73 E"ﬂ & A YeeA|
% T vehA ettt

ﬁ;_}% 717 ‘_7‘_}9] H) Al LDFE73 A
g ztolE VERR]

3. 7 Alda 0117\1 Jr A 7ke) ¥lwA] LDFS
Az o] BEATA R F9 T Aol YE
V2] exsket (p)0.05).

=i

¥

1. Zvi Fuss, Henry Trowbridge, Bender B et
al: Assessment of Reliability of Electrical
and Thermal Pulp Testing Agents. J
Endod 12:301-305,1986.

2. Haudika O: Development of microcircu-
lation. American Physiological Society 4:
165-216,1984.

3. Vongsavan N, Matthews B: The Vascularity
of Dental Pulp in Cats. J Dent Res 71:



10.

11.

12.

13.

14.

1913-1915,1992.

. Duane E, Surindar N: Pulpal vasculature

as demonstrated by a new method. Oral
Surg Oral Med Oral Pathol 27:678-
683,1969.

. Kim S: Regulation of pulpal blood flow. J

Dent Res 64:590-596,1985.

. Edwall L., Kindlova M: The effect of sym-

pathetic nerve stimulation on the rate
of disappearance of tracers from various oral
tissues. Acta Odont Scand 29:387-400,
1971.

. Edwall B, Gazelius B, Berg JO et al:

Blood flow changes in the dental pulp of cat
and rat measured simultaneously by laser
doppler flowmetry and local 1251 clearance.
Acta Physiol Scand 131:81-91,1987.

. Heyeraas-Tonder KJ, Aukland K: Blood

flow in the dental pulp in dogs measured
by local H2 gas desaturation technique.
Arch Oral Biol 20:73-79,1975.

. Meyer MW, Path MG: Blood flow in the

dental pulp of dogs determined by hydrogen
polarography and radioactive microsphere
methods. Arch Oral Biol 24:601-605,1979.
Shoher I, Mahler Y, Samueloff S: Dental
pulp photoplethysmography in human
beings. Oral Surg Oral Med Oral Pathol
36:915-921,1973.

Gazelius B, Orgart L, Edwall B et al: Non-
invasive recording of blood flow in human
dental pulp. Endod Dent Traumatol 2:219-
221,1986.

Musselwhite JM, Klizman B, Maixner W
et al: Laser Doppler:a clinical test of
pulpal vitality. Oral Surg 1996.
Gazelius B, Olgart L, Edwall B: Restored
vitality in luxated teeth assessed by laser
doppler flowmeter. Endod Dent Traumatol
4:265-268,1988.

G5 g A2 7R Xl AFAE
g ZFAAlolA Laser Doppler Flowmeter<]

443

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

CHetA-obx| absts| x| 26(2) 1999

AP %, thethox #33A] 24:683-
690,1998.

Andreasen JO: Etiology and Pathogenesis
of traumatic dental injuries Scand J Dent
Res 78:339-342,1970.

Schatz JP, Joho JP: Autotransplantations
and loss of anterior teeth by trauma.
Endod Dent Traumatol 9:36-39,1993.
Smith JJ: Successful Autotransplantation.
J Endod 13:77-80,1987.

Andreasen JO: Atlas of replantation and
transplantation of teeth. Mediglove Co
Fribourg pp.35-51,1992

AT, o FL: ANXNFAD7E ol &3
Fx| 9] ukgo] A FATH AT ttio}
27} 3] A] 8:65-74,1981.

Kim S: Neurovascular interactions in the
dental pulp in health and inflammation.
J Endod 14:48,1990.

Kazuto Takahashi, Yoshiaki Kishi, Syngeuk
Kim : A scanning electron microscope
study of the blood vessels of dog pulp
using corrosion resin casts. J Endod
8:131-135, 1982.

Path MG, Meyer MW: Heterogeneity of
blood flow in the canine tooth of the dog.
Arch Oral Biol 25:83,1980.

Meyer MW, Path MG: Blood flow in the
dental pulp of dogs determined by hydrogen
polarography and radioactive microsphere
methods. Arch Oral Biol 24:601,1979.
Duane E, Surinder N: Pulpal vasculature
as demonstrated by a new method. Oral
Surg Oral Med Oral Pathol 27:678-
683,1969.

Richard E, James K, Sco D Lee:
Ultrastructure of Terminal Pulpal Blood
Vessels in Mouse Molars. Anat Rec
179:527-542,1955.

Olgart L, Gazelius B, Lindh-Stromberg O:
Laser Doppler Flowmetry in assessing
vitality in luxated permanent teeth. Int



J Korean Acad Pediatr Dent 26(2) 1999

27.

28.

29.

30.

31.

32.

33.

34.

35.

Endod J 21:300-306,1988.

Olgart M: Laser Doppler Flowmetry in vi-
tality testing of teeth. Realites Cliniques
5: 283-291,1994.

Vongsavan N, Matthews B: In vitro ex-
periments on the use of laser Doppler
techniques for recording blood flow in
teeth. Arch Oral Biol 78:9-10,1993.
Vongsavan N, Matthews B: Experiments
on extracted teeth into the validity of
using laser doppler techniques for record-
ing pulpal blood flow. Arch Oral Biol
38:431-439,1993.

Stern MD, Bowen PD, Parma R et al:
Measurement of renal cortical and medullary
blood flow by laser Doppler spectroscopy
in the rat. Am J Physiol 2 36:80-87,1979.
Oberg PA, Nilsson GE, Tenland T et al:
Measurement of skeletal muscle blood
flow in bullet wounding with a new laser
Doppler flowmeter. Microvasc Res
18:298,1979.

Williams PC, Stern MD, Bowen PD et al:
Mapping of cerebral cortical strokes in rhe~
sus monkeys by laser Doppler spec-
troscopy. Med Res Eng 13:3-5,1980.
Hellem S, Jacobsson LS, Nilsson GE et al:
Measurement of microvascular blood flow
in cancellous bone using laser Doppler
flowmetry and "¥Xe-clearance. Int J Oral
Surg 12:163-177,1983.

Mesaros SV, Trope M: Revascularization
of traumatized teeth assessed by laser
doppler flowmetry:case report. Endod
Dent Traumatol 13:24-30,1997.
Watson ADM, Dittford TR, McDonald F:

444

36.

37.

38.

39.

40.

41.

42.

Blood flow changes in the dental pulp
during limited exercise measured by laser
doppler flowmetry. Int Endod J 25:82-
87,1992.

Morse DR: Age-related changes of the den-
tal pulp complex and their relationship to
systemic aging. Oral Surg Oral Med Oral
Pathol 72:721-745,1991.

Morse DR, Esposito JV, Schoor RS et
al: A review of aging of dental components
and a retrospective radiographic study
of aging of the dental pulp and dentin in
normal teeth. Quintessence Int 22:711-
720,1991.

Ingolfsson ER, Tronstad L, Hersh E et al:
Effect of probe design on the suitability of
laser doppler flowmetry in vitality testing
of human teeth. Endod Dent Traumatol 9:
65-70,1993.

Ramsay DS, Artun J, Martinen SS:
Reliability of pulpal blood flow measure-
ments utilizing laser doppler flowmetry. J
Dent Res 70:1427-1430,1991.

Odor TM, Pittford TR, McDonald F:
Effect of wavelength and bandwidth on the
clinical reliability of laser Doppler record-
ings. Endod Dent Traumatol 12:9-15,1996.
Ingolfsson ER, Tronstad L, Riva CE:
Reliability of laser Doppler flowmetry in
testing vitality of human teeth. Ended Dent
Traumatol 10:185-187,1994.

Ingolfsson ER, Tronstad L, Hersh E et al:
Efficacy of laser Doppler flowmetry in
determining pulp vitality of human teeth.
Endod Dent Traumatol 10:83-87,1994.



cistaorx| ZfEiE|R| 26(2) 1999

22

e

=3

HLO X

x|2 M T2} Laser Doppler Flowmeter £2

0.1_

AL vl 2oty o USRS B LS
< 31 oo i AFARE Are] AFEE HE R

oldlth, B At nlghyd KIHE 714 HolE AL st X2 A=) WE Laser Doppler
Flowmeter(c]at LDF)2] 24| Zo]o} @&t o] e 242t LDF 24 715X & do} Euzt siglt.
o2 glated 23 2441 A< i 20W TAlel A 84 3t obe X 2ekEe] 2717t 2mmel
°]‘% 209, 1~2mm¢< °}E 20“‘9] *o“i\L FFHAE EH’E}ELE LDF”*}?‘* Al 35}?1"%. LDFE ¢+ ¥

to
ol
-3
rlo
©
o
2
>
T oo
0]
1M
g Mo
N
S
=
P
c
_Q‘L
fr
_l-t

A & A 0}71}-4 H]E_% palred—t testS 01% g ‘jru*} e ﬁg'é coi‘:]r
1. LDF2A A9 glo] mgh X3S 7paito] SHAE 20 71l ol w8l A YerdAIRE E
gty o2 o3t afol= VEREA] &ttt (p>o 05).

2. 1|$hy X 2L 747 F7e) HlwAl LDFEA A o glo] $ASH o8 fofeh Aol WA 85t
t} (p>0.05).
3.z} APl A$ZAx\7ke] Bl wA] LDFEAA A glo] SAgE o2 fola Aole WERA|

2%} (p0.05).

FQ0 : Laser Doppler Flowmeter, A5 488 7}, nlghd A2, AFEFE

445



