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Fig 1. Doppler ultrasound equipment (Left) and 25 MHz probe (Right).
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Fig 2. Plastic template for repositioning probe.
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T3 F-9oll #o] probes] YXE A3t om, X]o}
7b ol Estel whet Z42te] trayE X|opHE ZhebA
templatei AH&-3F T (Fig 2).
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Fig 3. Blood flow velocity distribution. Vmax, Maximum
velocity of blood flow; Vmin, minimum velocity of blood
flow.
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Table 1. Definition of Doppler ultrasound variables

Doppler ultrasoundS 0|28t X|4 E&2ko| Hgl £

A= &=
Variables Definition
Vas (cnv/s)  Maximum linear velocity during AR FHE= zhzte] A 84S thE &£xe) vt
systolic period o g olFsA Hrt & ddEy rphe 2
Vam (cm/s)  Average linear velocity during systolic w7l 7 =eid, 7kl 2971 2 mE
period (Fig 3. 1222 REEE YT Fgor }e
Vakd (cm/s) Outl.et linear velocity during diastolic % €17] wWEol| Doppler ultrasound “Fe] BRE F
_ . beriod o A, A EAS meste] 2gal Aok dRel
Qam (ml/min) Avel;a?.e Volgrze velocity during obd 2Ae wZe] vl ZHWMEIE, 2y
Systolic peno 2~ =9l Zul A EXL bkl sl miul
Qas (ml/min) Maximum volume velocity during T}\"E)]Sq— ‘;‘1191;‘:?]‘— © _;’o o:ﬂ_ O]—ﬁ = ; SHA] (P
= 278 bl Els Zaa
systolic period il 01 %] I)’?_;; % i C oo T,\ E OX ];
PI Pulsation index; resilience of blood RD) # A D7 ASE 2 7] S °
vessel 5o o] Fof Xt} Doppler ultrasound & ©] & o]—O%, =
RI Circulation resistance 3 e A EES %A (Table 1).
Table 2. Comparison of pulpal blood flow change of 0, 3, 6 weeks
0 week 3 weeks 6 weeks
Variables Sig N
Mean SD Mean SD Mean SD
Vas (cm/s) 0.64 0.20 0.61 0.14 0.66 0.16 NS 54
Vam (cr/s) 0.29 0.14 0.29 0.15 0.33 0.16 NS 54
Vakd (cm/s) 0.29 0.14 0.30 0.15 0.36 0.17 NS 54
Qas (ml/min) 0.30 0.09 0.29 0.06 0.31 0.07 NS 54
Qam (ml/min) 0.14 0.06 0.13 0.06 0.16 0.07 NS 54
PI 0.76 0.15 0.72 0.14 0.72 0.20 NS 54
RI 0.52 0.06 0.50 0.06 0.50 0.09 NS 54
SD, Standard deviation; Sig, significance; NS, not significant.
Table 3. Comparison of pulpal blood flow change of 0, 3, 6 weeks at maxilla (Mx) and mandible (Mn)
0 week 3 weeks 6 weeks
Variables Sig N
Mean SD Mean SD Mean SD
Vas (cm/s) Mx 0.68 0.20 0.66 0.13 0.68 0.18 NS 27
Mn 0.59 0.20 0.57 0.13 0.65 0.16 NS 27
Vam (cm/s) Mx 0.32 0.13 0.30 0.14 0.32 0.16 NS 27
Mn 0.26 0.15 0.27 0.16 0.33 0.16 NS 27
Vakd (cm/s) Mx 0.33 0.15 0.32 0.16 0.35 0.17 NS 27
Mn 0.26 0.14 0.28 0.15 0.36 0.18 NS 27
Qas (ml/min) Mx 0.32 0.09 0.31 0.06 0.32 0.08 NS 27
Mn 0.28 0.09 0.27 0.06 0.31 0.07 NS 27
Qam (ml/min) Mx 0.15 0.06 0.14 0.06 0.15 0.07 NS 27
Mn 0.12 0.07 0.12 0.06 0.16 0.08 NS 27
PI Mx 0.75 0.16 0.75 0.12 0.76 0.23 NS 27
Mn 0.77 0.15 0.69 0.16 0.67 0.16 NS 27
RI Mx 051 0.06 0.52 0.05 0.53 0.10 NS 27
Mn 0.52 0.06 0.48 0.07 0.47 0.07 NS 27

Mx, Maxilla; Mn, mandible; SD, standard deviation; Sig, significance; NS, not significant.
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Table 4. Comparison of RI according to position

Position Mean SD Sig N
Maxilla 052 0.07 . 27
Mandible 0.49 0.07 ' 27

Sig, Significance; SD, standard deviation; *p < 0.01.

CHXI™X| 39 65, 2009¢

2t Zdetat shet, xjopd zpolo] diaf Hwd E
HAE A4l thRepeated measures ANOVA).

3. o 22 717F oA ASYEE vlws
o, 78 X ofe] AL o gk W4 1384
= Yol Hy RTHAE EQlsiglon,

one-way ANOVAE o] &3l sttt

-

SRR

187 2] ¥k 154 o]/Fe] xS S 2 Doppler
ultrasound S ©|-&-3}], WH X7 A2} A, A|ZF £ 3
T, 65 Fofl F2(3e, stehell #AIglel S
A, BE ASFEA oA FAGH R {9
gk Zfo] 7} YEhAA] eSkTh (Table 2). B8k H-91(%
o}, stehell W& x| FFe WHsE AvE 2
I wHA T AE A AR 35 65 BT A]
BAH R frolg Aozt JERhA| stk

Table 5. Comparison of pulpal blood flow change (Vakd) in maxillary (Mx) central incisor and lateral incisor between

0 week and 6 week

0 week 3 weeks 6 weeks

Tooth Sig N
Mean SD Mean SD Mean SD
Mx central incisor 0.43 0.15 0.25 0.03 0.30 0.18 .
Mx lateral incisor 0.20 0.12 0.34 0.24 0.41 0.15 '
Sig, Significance; SD, standard deviation; NS, not significant; *p < 0.01.

Table 6. Comparison of pulpal blood amount on each teeth of Mx. & Mn. before treatment

Central incisor Lateral incisor Canine
Variables Sig N

Mean SD Mean SD Mean SD

Vas (cmy/s) Mx 0.80 0.22 0.59 0.20 0.66 0.13 NS 27
Mn 0.62 0.28 0.64 0.14 0.52 0.16 NS 27
Vam (cry/s) Mx 041 0.14 0.23 0.10 0.32 0.11 NS 27
Mn 0.25 0.20 0.31 0.15 0.23 0.08 NS 27
Vakd (cm/s) Mx 043 0.15 0.20 0.12 0.35 0.07 NS 27
Mn 0.25 0.17 0.33 0.13 0.19 0.08 NS 27
Qas (ml/min) Mx 0.37 0.10 0.28 0.09 0.31 0.06 NS 27
Mn 0.29 0.13 0.30 0.06 0.24 0.07 NS 27
Qam (ml/min) Mx 0.19 0.07 0.11 0.04 0.15 0.05 NS 27
Mn 0.12 094 0.14 0.74 0.11 0.04 NS 27
PI Mx 0.80 0.18 0.70 0.15 0.75 0.15 NS 27
Mn 0.82 0.17 0.76 0.15 0.73 0.13 NS 27
RI Mx 052 0.05 0.50 0.07 0.51 0.06 NS 27
Mn 04 0.75 0.53 0.06 0.50 0.62 NS 27

Mx, Maxilla; Mn, mandible; Sig, significance; SD, standard deviation; NS, not significant.
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(Table 3). RI 3Zo| X AFetol| A sleto] Bl =
74] UEFATE (Table 4). X|obd 7|3tel] W& X &

o] WigtE vwdt 247, & ASTES BT
Tr«l?z} kol 7F VFERA] ¥9kar, Zdet x| oke] Vakd
ANA Frefgh Apol 7t yEEiTE Aot X ¢ 54
2] Atolol] A|7te] & Fof WE Vakde] W3} 3ol
Ae1A Eﬁlfﬂmi frelgt Aolrt dem (p
< 0.05), A A2 98l 0575 7]E(base) o= 0
T} 35, 05} 6#3 vl w3k A3} 052} 6500 9l
oA WMol oA Fo g vk 2po] 7t e
SXTh (Table 5). Z2te] XlopH = WA A1 & 7]
545 vustazl, ugAs Al A ASSES

Hluste], XopHE wAX| R o3 XFAHEE
A Zo]l Al oA S dolHgit RE X0}
7t BAtH R oA e Aole vehiA @
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Fig 4. Comparison of each variable for the maxillary
(Mx) teeth before orthodontic treatment. Variable and
it's unit are shown together on horizontal line of graph.
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Fig 5. Comparison of each variable for the mandibular
(Mn) teeth before orthodontic treatment. Variable and
it's unit are shown together on horizontal line of graph.
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ORIGINAL ARTICLE

Changes in pulpal blood flow during orthodontic tooth

movement studied by Doppler ultrasound

Kyoung-Sub Lim, DDS," Young-Min Bae, PhD,” Jung-Yul Cha, DDS, MPH, PhD,
Hyung-Seog Yu, DDS, MPH, PhD," Chung-Ju Hwang, DDS, MPH, PhD*

Objective: This study was to change of pulp blood flow among maxillary and mandibular anterior tooth with mild
crowding and adjacent teeth using Ultrasound Doppler graphy. Methods: The change of pulp blood flow was
measured three times using Ultrasound Doppler graphy; before the attachment of brackets, after 3 week, and
after 6 week. The sample consists of 15 year old eighteen patients. Results: Before the attachment of brackets,
after 3 weeks, and after 6 weeks, there were no significant differences in the change of pulp blood flow in each
part (maxilla and mandible) and each tooth according to period. In addition, to compare internal dangerousness
of loss of the pulp vitality, when pulp blood flow is compared in each tooth before orthodontic treatment, there
were no statistically significant differences in maxillary lateral incisor and mandibular canine but it showed low
values in all measurement items (p > 0.05). Conclusions: Results of this 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.
(Korean J Orthod 2009;39(6):372-382)
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