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¢ dFFS =437 98t Kim 5 (1984)2 Microsphere technique <
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Fig. 1. Ultrasound Doppler Graphy (left) and 20MHz Probe (right).
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<AE2> =4 vk A 59 A5 79 W3t

149 FA3 A7 1899 AAAE oz, 54 A7 108 A F83
A AT 5T GAS] AAelA AF s SAsAT 1A A9 AAs
Aol Fdg FSol AME A7 ekl 0.5mm FA9] copyplast
(Dentarum, German)& ©]§3to] templates #1&skar, A ope] 4o
template 7S o AAY AXE ATt (Fig. 2). WA w5 Aoyt
WAL ANAFAA ] ¥ WSS Hole S FAd F Ao 259
& AS E¥T § 20MHzO AAME olgste] wAa wiE Ao A I
ZHE SAsHATE o] F 1:80,000 o¥ulzdo] FHHE 2% =7 1.8
ml(199%) & °l&3sto] Aot F4A ALw Fof J& »FHE Aldsilvh. I&

,10,20,30,45,60% o wix® X ofo WYHAL, A7 AL,

Fig. 2. Template for repositioning probe.

B oATME 259 2EY Jg9E ol&ste R Hu HAY £-
Vas(cm/s), B¢ A3¥ £% Vam(em/s), HA A& £% Vakd(cm/s), HI1
By £% Qas(ml/min), ¢ ¥3¥ £% Qam(ml/min) S S35tk =3 g3
Holq el el g AgHe] st AxzA e Al Pl A%dE A<l
RIZ 435It (Table 1). Pl A7 AlolE Ftel A8 #5714 Hd
Sl A ojghlell A HA Ho ApolE A T AlolE Fole Bt HEE



s Ao, Rl e

uHEHA 3 @A Ha Hrel HA £ Aolg: Hi

Table 1. Definition of Ultrasound Doppler Graphy variables.

Variables Definition

Vas (cm/s) Maximum linear velocity during systolic period
Vam (cm/s) Average linear velocity during systolic period
Vakd (cm/s) Minimum linear velocity during diastolic period

Qas (ml/min) Maximum volume velocity during systolic period

Average volume velocity during systolic period

Qam (ml/min)
PI Pulsation index : resilience of blood vessel
RI Circulation resistance
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1. A%

=
E]

1. Ag 1-AgA e F2 1579

A

2| op g & o] LA o} 3
a2 E ol gste] AST Ay, YA A9 Vas
A 0.274cm/s, VakdeE H+ 0.295cm/s, Qas+ 0.368ml/min, Qam<
F1t 0.129ml/min, Pl S+ 0.958, RIE B+ 0.584F FH AT F4%9
A% Vast H# 0.368cm/s, Vam= H3 0.032cm/s, VakdE= 1 0.072cm/s,
Qasv H3t 0.162ml/min, Qam<> B3 0.015ml/min, PI= %3 1.168, RI&

it 0.683°0.2 Stk

Fig. 3. Examples of Ultrasound Doppler Graphy

on Vital tooth (left) and Root filled tooth (right)

=

=

=]

AGA s} P4A

A Q8 A=TE (Vas, Vam, Vakd, Qas, Qam, RI) oAl =Fo]7F 2t (p<0.05)

bl zFol7F Q=A] paired t—testE A3+ A3} PI=

(Fig. 4).
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0.4 i 02 0.6 Rootfilled teeth
r* I+ 04
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0 oA b o - o
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(* : p<0.05)

Fig. 4. Comparison of each variables in Vital and Root filled group

2. 49 2-Favd W, £ A IR 0

(1) Vas(Maximum linear velocity, cm/s)2 A% vi3 A (0% FAX7F HA
0.9763cm/s 3L, »F5 & 53elli= Hvk 0.5171cm/s, 107l F7F 0.4598cm/s,
20+l 0.4215cm/s, 30+l 0.4939cm/s, 45+l 0.6128cm/s, 60F°l=

0.7234cm/sE YERYSIEE (Fig. 5).

40

20

(=]

T
Orni Smin 10min 20min 30 in 45|Lin 50mnin

4 N P

2% Change in Vas{cm /f5)

-100

Fig. 5. Changes of Vas (Maximun linear velocity, cm/s)



% VasE 13 A0 MEZBES 9, mixed

ful

e

ubH = ZF AF E=®
procedureE AAI3F A3} vl5 3 510,20,30,45,60% EFoA w¥ A O0F) 3

ZFol7F A8tk (p<0.05) (Table 2).

Table 2. Comparison of Vas between Omin and other times

1=} 1=}

Vas (cm/s) 55 10& 20 30+ 455 60+

Significance S S S S S S

S:significant

(2)Vam (Average linear velocity, cm/s) 2] A% uh3 A (0F) FSHAX 7 A+
0.4859cm/s%al, wF ¥ S5FEo= H 0.1740cm/s, 10¥= HA

0.1287cm/s, 20+°l=  0.1194cm/s, 302°li=  0.1274cm/s, 453l

1

0.1499cm/s, 60l 0.3368cm/sE YERNSITH (Fig. 6).

150
100
- 50
oy
E ﬁ -
E ‘\
= Omin Smin 10min 20min 20min 451ni £0dnin
T 50 " —%
= -loo
- Y
g
® 150
-200
-250

Fig. 6. Changes of Vam (Average linear velocity, cm/s)
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WE ¥ 7k A EE 54 Vame wE Q03 uEBE W, mixed
procedures A% A7 vk F 510,20,30.45%4 v AO®) 7 2o}

WAL (p<0.05), 602N = 2ol 7k ldvt (Table 3).

Table 3. Comparison of Vam between Omin and other times

Vam(cm/s) 5% 108 208 30+ 455 60+

Significance S S S S S NS

S : significant , NS : No significant

(3)Vakd (Minimum linear velocity, cm/s)2 A% w3 A OE) S X7}

B 0.4497cm/sH AL, vHE F b5wole S 0.1401cm/s, 10+l Hf

1

0.1242cm/s, 20+°l=  0.1199cm/s, 30+%°li= 0.1364cm/s, 45%°l&=

0.2214cm/s, 60%)= 0.3371cm/sS YeERQTH (Fig. 7).

300
200
¥ 100
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g 0 -
E Omin j j
g -100
& 1
~
[+
S -200
-300
-400

Fig. 7. Changes of Vakd (Minimum linear velocity, cm/s)
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WEH F 4 A7 AR 538 VakdE vhH 40T WMaBe ©, mixed

d

procedureE AAE A3 w5 & 510,20,30,45%04 w13 A OE) 3 2o)7}

AL (p<0.05), 602N = AFol7t A1t (Table 4).

Table 4. Comparison of Vakd between Omin and other times

Vakd (cm/s) 5% 104 20 30% 45+ 60

Significance S S S S S NS

S @ significant , NS : No significant

(4)Qas(Maximum volume velocity, ml/min) ¥ A% =3 A OE) A7}
H3t 0.4600ml/min%laL, w3 F 5ol FF 0.2436ml/min, 108l Fit

0.2255ml/min, 45&°|+=

rr

0.2165ml/min, 20+l 0.1985ml/min, 303
0.2887ml/min, 60i¢°l= 0.3336ml/minE YERSITE (Fig. 8).

20

T

0
{J% Smin 10min 20min 30min 45|Lir'| £0min

E. -20
E . -
E. . \ /
.éb \\NJ
E 60
J
+=
-B0
-100

Fig. 8. Changes of Qas(Maximum volume velocity, ml/min)
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mH 5 4 AR B SAT QasE o vhE A0 e w, mixed

|\

procedureE AAI3F A3} vl5 3 510,20,30,45,60% EFoA w¥ A O0F) 3

2o 7} 9181T} (p<0.05) (Table 5).

Table 5. Comparison of Qas between Omin and other times

=] 1= A=

Qas (ml/min) 55 10& 208 30% 45% 60+

Significance S S S S S S

S:significant

(5)Qam(Average volume velocity, ml/min) 2] A% w# A (0E) SH A7}
H1t 0.2290ml/min®la, v & 5% Hir 0.0741ml/min, 10+&9lli= H4f
0.0658ml/min, 20%°]+= 0.0662ml/min, 30¥°]+ 0.0601ml/min, 45%°]&

0.1047ml/min, 60%°]+= 0.1587ml/minS et (Fig. 9).

150

100

(5]
=]

]

n

ﬁkSﬂrin 10min Z'Drr]in 30rhin 451 E0mi

N
[
=]

% Change in Cam{mlfmin)
Z 5

-200

-250

Fig. 9. Changes of Qam (Average volume velocity, ml/min)

13



B 57 AR M2 53 Qame v A0 Mz W, mixed

d

procedureE AAZE A3 vl5 & 510,20,30,45%04 vF3 A OE) 3 2ol 7}

WML (p<0.05), 602N = 2ol 7k fldvt (Table 6).

Table 6. Comparison of Qam between Omin and other times

Qam (ml/min) 55 108 20% 30% 455 60+

Significance S S S S S NS

S @ significant , NS : No significant

(6)PI(Pulsation index)® 7% vF A (0% FAX7F A+ 0.72009 1,
nhH & SR iy 1.4467, 10%ol:= H 1.3522, 20%9= 1.5389,

30%0]= 1.4694, 45%°]= 1.0656, 60%ol= 1.23112 Yeuiglet (Fig. 10).

250

200

150

100 —
/ i

50 1
0 /

Ornin 5min 10min 20min 30min A5min 60min

% Change in Pl

Fig. 10. Changes of PI(Pulsation index)
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B ¥ 7 AR MR 23§ PIE vk A0WW mafe W, mixed

|\

procedureE AAI3F A3} vl5 3 510,20,30,45,60% EFoA w¥ A O0F) 3

2o] 74 9121 TH(p<0.05) (Table 7).

Table 7. Comparison of PI between Omin and other times

PI 5 10& 20+ 30+ 45% 60
Significance S S S S S S
S:significant

(7)RI (Circulation resistance)® A% "3 HOE) SAX7F HA
0.5039% 11, 73 & 5#o= HE 0.7972, 10%ol= FH 0.7356, 20%=

0.7839, 30+l 0.7022, 45+l 0.6444, 60+l 0.6833& YERUATH

(Fig. 11).
120
100
= B0
=
2 60
=
S / \\
#ap /
20
; /

Ornin Smin 10min 20min 30min A45min 60min

Fig. 10. Changes of RI(Circulation resistance)
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o], mixed

WE F o7 A dE 4% RIE v A0D)H afe
procedure® AAIS Az wpH % 510,20,30,45,60 EFolA w5 A (0+)
2Fo] 7k 1A tH(p<0.05) (Table 8).
Table 8. Comparison of RI between Omin and other times
RI 5 10& 208 30% 45% 60+
Significance S S S S S
S:significant

16
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3. Changes of Vakd (Minimum linear velocity, cm/s) in experiment 2.
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4. Changes of Qas Maximum volume velocity, ml/min) in experiment 2.
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5. Changes of Qam (Average volume velocity, ml/min) in experiment 2.
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6. Changes of PI(Pulsation index) in experiment 2.
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7. Changes of RI(Circulation resistance) in experiment 2.
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Abstract

Pulpal blood flow measurement

using Ultrasound Doppler Graphy

Min Jung Yoon
Department of Dentistry

The Graduate School, Yonsei University

(Directed by Professor Sung Ho Park, D.D.S, M.S.D, Ph.D)

This study compared the difference in pulpal blood flow between vital and
root—filled teeth, and examined the changes in pulpal blood flow following
infiltration anesthesia using ultrasound Doppler graphy.

<Experiment 1> To compare the difference in pulpal blood flow between
vital and root—filled teeth, 11 patients (mean age 32.06 years, 3 men , 8
women) who had undergone root canal treatment on anterior tooth of the
maxilla or mandible and had vital controlateral tooth were examined. Pulpal
blood flow measurements were performed on vital and root canal treated teeth
using ultrasound Doppler graphy. The variables consisted of Vas, Vam, Vakd,
Qas, Qam, PI and RI, which are indicators of the pulpal blood flow level.

<Experiment 2> Eighteen patients (mean age 26.7 years, 13 men, 5 women)

were selected to examine the changes in pulpal blood flow after infiltration
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anesthesia. Before infiltration anesthesia, the pulpal blood flow measurements
were performed on the maxillary central incisor using ultrasound Doppler
graphy. Local anesthetic solution containing 2% lidocaine with 1:80,000
epinephrine was injected into the submucosa above the tooth. The ultrasound
Doppler graphy test was carried out at 5,10,20,30,45 and 60 minutes. The
variables were Vas, Vam, Vakd, Qas, Qam, PI and RI, which are indicators of
the pulpal blood flow level.

The raw data was analyzed statistically using SAS system. In the fist
experiment, the differences between the vital and root—filled teeth were analyzed
using a paired t—test at 95% confidence intervals. In the second experiment, the
mixed procedure at 95% confidence intervals was used to evaluate the changes in
the pulpal blood flow after injection. The results are as follows:.

1. There was significant difference in Vas, Vam, Vakd, Qas, Qam and RI
between the vital and root—filled teeth (p<0.05).

2.0Observations of the changes in the pulpal blood flow after infiltration
anesthesia using 2% lidocaine with 1:80,000 epinephrine on maxillary central
incisor showed a decrease in the Vam, Vakd and Qam values until 30minutes
followed by a returned to pre—anesthetic state after 60 minutes. The Vas and
Qas values decreased until 30minutes and then increased gradually thereafter.
The PI and RI values increased until 30minutes and then decreased gradually
thereafter.

Ultrasound Doppler graphy can distinguish between the vital and root—f{illed

teeth, and can measure the changes in pulpal blood flow.

Key Words : Ultrasound Doppler graphy, Pulpal blood flow, Pulp vitality
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