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Fig. 1. Ultrasound doppler graphy (Left) and 25 MHz probe (Right).
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Fig. 2. Plastic template for repositioning probe.
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Vmax : Maximum velocity of blood flow.
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Vmin : Minimum velocity of blood flow.
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(Table 1).

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) Outlet linear velocity during diastolic period
Qam (ml/min) Average volume velocity during systolic period

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

PI Pulsation index ; resilience of blood vessel

RI Circulation resistance
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;

A=A FRIgE A3, ok 2fol 7k vERLEA] gkt (Table 2).

Table 2. Pearson correlation analysis for reproducibility of variables.

Pearson C.E. Sig.

Vas(cm/s) 0.525 ok
Vam (cm/s) 0.639 Kok
Vakd(cm/s) 0.653 Kok
Qas (ml/min) 0.599 ok
Qam (ml/min) 0.620 Kok
PI 0.770 ok

RI 0.560 ok

#x < (0.01, C.E. : Correlation efficient



2. #9o] wE FE Qo] 713 nE A5 FFFY A

oft

T ol 7del mE A4 R HetE dolr ] $8ked
0FE5 7|+0 2 37, 6579 W3S repeated measures ANOVA A A3} T}
1 A3 7|3kl W R/ WSt {93k 2pol 7t yERYA] ¢kt (Table 3).

Table 3. Comparison of pulpal blood flow change of O, 3, 6 weeks.

0 week 3 week 6 week
Variables

Mean S.D. Mean S.D. Mean S.D. Sig.

Vas (cm/s) 0.6430  0.2033 0.6181 0.1411 0.6660  0.1698 NS
Vam (cm/s) 0.2976  0.1459 0.2906 0.1549 0.3339 0.1656 NS
Vakd(cm/s) 0.2972 0.1494  0.3074 0.1582  0.3606 0.1741 NS
Qas(ml/min) 0.3031  0.0957 0.2913 0.0664  0.3164 0.0774 NS
Qam(ml/min) 0.1408 0.0683 0.1353 0.0694  0.1600  0.0789 NS
PI 0.7658 0.1556 0.7262 0.1462  0.7239 0.2056 NS

RI 0.5206  0.0628 0.5056 0.0639 0.5031 0.0959 NS

NS : no significant.

Fig. 4. Examples of Doppler graphy on Mx. central incisor.

(b) 3 week

10

() 6 week
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F9 st

Aekete] A4 dReFe] WMetE v wekelS |, repeated measures

ANOVAE AAIS A} Fost o]zt EA)skA] ek

o}t (Table 4,5) (Fig 5,6).

Table 4. Comparison of pulpal blood flow change of O, 3, 6 weeks at Mx.

0 week 3 week 6 week

Variables
Mean S.D. Mean S.D. Mean S.D. Sig.
Vas(cm/s) 0.6890  0.2008 0.6602 0.1329 0.6813 0.1801 NS
Vam (cm/s) 0.3256  0.1399 0.3090 0.1477 0.3286 0.1688 NS
Vakd(cm/s) 0.3322  0.1529 0.3250 0.1600 0.3579 0.1710 NS
Qas (ml/min) 0.3247  0.0945 0.3112 0.0626 0.3211 0.0847 NS
Qam(ml/min)  0.1546  0.0647 0.1456 0.0697 0.1549 0.0795 NS
PI 0.7572  0.1635 0.7579 0.1205 0.7694 0.2372 NS
RI 0.5144  0.0607 0.5222 0.0535 0.5322 0.1087 NS

NS : no significant.

Table 5. Comparison of pulpal blood flow change of O, 3, 6 weeks at Mn.

0 week 3 week 6 week

Variables
Mean S.D. Mean S.D. Mean S.D. Sig.
Vas(cm/s) 0.5971  0.2007 0.5759 0.1399 0.6507 0.1626 NS
Vam (cm/s) 0.2696  0.1503 0.2721 0.1638 0.3392 0.1671 NS
Vakd (cm/s) 0.2622 0.1413 0.2897 0.1589 0.3634 0.1821 NS
Qas (ml/min) 0.2814  0.0945 0.2715 0.0659 0.3117 0.0713 NS
Qam (ml/min) 0.1270  0.0708 0.1249 0.0695 0.1650 0.0803 NS
PI 0.7744  0.1514 0.6944 0.1654 0.6783 0.1623 NS
RI 0.5267  0.0661 0.4889 0.0704 0.4739 0.0730 NS

NS ; no significant.

11



4. 918, 7108, #9718 153FE

o], 713k, F91-713te] whE wsAgo] #FE AT S8kl repeated
measures ANOVAE AAIH Ay RIS AF oo ©E ASuwsagol

=3 (P<.05). Akekel A< sloko] vls] RIZF o 34 YEbG AL oF 5=

2llth (Table 6, 7).

Table 6. Comparison of RI according to position.

Position Mean S.D.
Maxilla 0.5230 0.0771
Mandible 0.4965 0.0721

Table 7. Interaction of RI according to position, time and position & time

F value Sig.
Position (Mx, Mn) 5.88 ok
Time (0,3,6wks) 0.60 NS
Time & Position 2.15 NS

#x 2 <0.01

NS : no significant.

12



Changes in Vas

Vvas 05
(em/s) o3 By,

EMn,

0 week 3 week 6 week

(a) Vas

Fig. 5. The graphs of changes according to time by each variable.

(a)Vas; (b)Vam; (¢) Vakd
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(c) RI

Fig. 6. The graphs of changes according to time by each variable.

(a)Qas; (b)Qam; (¢) PI; (A)RI
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0~67ell glotx] Watergel QoA #ol% whek Aol 7k vhebgth (Table. 8).

Table 8. Comparison of Vakd in Mx. central incisor and lateral incisor

between O week and 6 week.

0 week 3 week 6 week
Tooth

Mean S.D. Mean S.D. Mean S.D. Sig.

Mx. Central incisor 0.4358 0.1587 0.2501 0.0366 0.3018 0.1885
ok

Mx. Lateral incisor 0.2035 0.1207 0.3413 0.2428 0.4193 0.1590

#x 2<0.01
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Table 9. Comparison of pulpal blood change on each teeth of Mx.

Central incisor Lateral incisor Canine
Variables

Mean S.D. Mean S.D. Mean S.D. Sig.
Vas (cm/s) 0.8040  0.2211 0.5970 0.2078 0.6660  0.1357 NS
Vam (cm/s) 0.4182 0.1486  0.2347 0.1027 0.3240 0.1172 NS
Vakd (cm/s) 0.4358 0.1587 0.2035 0.1207 0.3573  0.0789 NS
Qas (ml/min) 0.3789  0.1040 0.2814 0.0978 0.3139  0.0639 NS
Qam (ml/min) 0.1971  0.0701  0.1140 0.0457 0.1528  0.0553 NS
PI 0.8067  0.1896  0.7083 0.1563 0.7567  0.1572 NS
RI 0.5283 0.0531 0.5017 0.0722 0.5133 0.0638 NS

NS : no significant

16



Table 10. Comparison of variables on each teeth of Mn.

Central incisor Lateral incisor Canine
Variables

Mean S.D. Mean S.D. Mean S.D. Sig.
Vas (cm/s) 0.6202  0.2859 0.6430 0.1425 0.5280 0.1613 NS
Vam (cm/s) 0.25690  0.2003 0.3147 0.1574 0.2352  0.0889 NS
Vakd (cm/s) 0.25627 0.1794 0.33756 0.1302 0.1963 0.0816 NS
Qas (ml/min) 0.2923 0.1347 0.3031 0.0671 0.2490 0.0760 NS
Qam (ml/min) 0.1219 0.0944 0.1482 0.0742 0.1108 0.0419 NS
PI 0.8200 0.1785 0.7683 0.1535 0.7350 0.1346 NS
RI 0.5433 0.0753 0.5300 0.0669 0.5067 0.0622 NS

NS : no significant

17



7. 489 O A FFFY W3} v

Al e XNFIFF WEE repeated measures ANOVAE o] &35},
gt A dy BRelA 7)) mE AR Wskel feojgk Apolzt
EREA gkgtow, @q Atolel ztold: ZxbEE HAE A foldt o)zt

WERER] 9FSktt (Table 11).

Table 11. Comparison of pulpal blood flow change of 0, 3, 6 weeks

in male and female.

0 week 3 week 6 week
Variables
Mean S.D. Mean S.D. Mean S.D. Sig.
Male 0.6603 0.2034 0.6401 0.1441 0.6890 0.1774 NS
Vas (cm/s)

Female 0.6086 0.2076 0.5740 0.1294 0.6200 0.1500 NS

Male 0.3068 0.1334 0.3123 0.1631 0.3252  0.1527 NS

Vam (cm/s)
Female 0.2793 0.1730 0.2472 0.1327 0.3513 0.1950 NS
Male 0.3085 0.1445 0.3282 0.1654 0.3608 0.1623 NS
Vakd (cm/s)
Female 0.2746 0.1629 0.2658 0.1400 0.3603 0.2034 NS
Male 0.3112 0.0957 0.3017 0.0679 0.3247 0.0835 NS
Qas (ml/min)
Female 0.2869 0.0978 0.2706 0.0609 0.2997 0.0633 NS
Male 0.1454 0.0620 0.1447 0.0720 0.1572 0.0736 NS
Qam (ml/min)
Female 0.1315 0.0816 0.1165 0.0625 0.1655 0.0919 NS
Male 0.7683 0.1739 0.7209 0.1566 0.7529 0.2276 NS
PI
Female 0.7608 0.1172 0.7367 0.1289 0.6658 0.1436 NS
Male 0.5200 0.0677 0.5042 0.0668 0.5196 0.1024 NS
RI

Female 0.5217 0.0546 0.5083 0.0604 0.4700 0.0746 NS

NS : no significant

18
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Abstract

Changes in pulp blood flow during orthodontic tooth

movement by Ultrasound Doppler graphy

Kyoung Sub Lim

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Chung Ju Hwang, D.D.S., Ph.D.)

To compare the pulp blood level before and after the application of
orthodontic force, with the patients who visited the orthodontic department in
Dental Hospital of Yonsei University, this study measured the change of pulp
blood flow three times; before the attachment of brackets, after 3 week, and
after 6 week.

The sample consists of patients, with mild crowding below 2 millimeters,
treated for the insertion of 0.016” Ni—Ti after the attachment of metal
brackets. Variables consist of Vas, Vam, Vakd, Qas, Qam, PI, and RI, which

are indicators of pulpal blood flow level. Before this study, to confirm the
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reproducibility of Ultrasound Doppler graphy, Pearson correlation analysis

was used in five patients one—month intervals. As a result, There were no

significant differences. This study used trays in indirect bonding system as a

template for locating a probe to the same position. Blood flow level in

Ultrasound doppler graphy is analyzed in consideration of quantitative and

qualitative characteristics and the results are as below.

1.

As a result of comparing the change of blood pulp level in each tooth
according to the period, there was significant difference in Vakd of
maxillary teeth. Between O week and 6 weeks, there was differences
between central and lateral incisor

In observation according to the position(maxilla, mandible),
compared before the application of orthodontic force and 3 week and
6 week after the application of orthodontic force, there were no
significant differences in pulp blood level in all measurement values..
Among variables, in RI, there are interaction according to position
which is higher in maxilla (P < 0.05).

As a result of comparing each measurement value, even though there
were no statistically significant differences, lateral incisor in maxilla

and canine in mandible had lower values in all measurement variables.

This study identified that pulp blood level 3 weeks after the application of

orthodontic force was similar with one before the treatment. Results of this
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study can be not only methodological preliminary data in further study such
as tooth movement type of Ultrasound Doppler graphy and particular study
considered the patient age, but also reference materials for the loss of pulp

vitality in orthodontic treatment

Key words : Ultrasound Doppler graphy, pulpal blood flow, tooth vitality
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