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£ laser WA} EHI, o[ 9
°ﬂ ]?SH Bt} A Ho|x BF5A
AggAle] -?’] A& Zold 4 & photodetector 2
level and pulley force applicatorZ ©]-&3te] et 6
AANTEY ZF A 2F ol 2 3% 64X T 74 A
Zo] Wztel wpE A4 A WsE AT5td
thao] AAE A7l oo Eamstmat gl

]

tlo fo ok o rlo 1% mlo 2

0. H7A=E 3 U
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6427} & REH] Y HaA

Sl Az S/ B sjet3AolA oleh 2e AR
& olg3tel Agadn
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A1 1, 2) .

2. A<t 2 31t 61A|E 9/ E= Chrome-cobalt
metal  splints, glass—ionomer  cement(3M
Vitremer™)

3. Simple mirrors(47)

4. Laser 3¢ 27W(NEC He-Ne gas laser, 5mW,
06328 p m)(AHZL 3)

5. 100g 2 200g 2%

6. Vibration-free table ¥ 1% A}, Wood board

7. Photodetector(Photodiode, Power supply, Digital
tester)(AHZ 4)
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NE 1. HESIHEO] SA AKA MZ 3. NEC He-Ne gas laser(5mW)

N& 4. Photodetector

8. Vernier calipers b2 NG AR} MAT o Astet 6149
9. Permlastic®(Polysulfide type T, Light-body, Zo] 2 CEJAAMFE XNZA7A Y Zol& vernier

Kerr Co., Young's modulus of elasticity=0.72 x calipers@ AZ8ITHE 1, 2). o]w) Xole] AR

10° GPa.) A AT S ARz sdm, A2 ol
10. X#AE A¥31 9L 012" S - S ligature wire = TF CEJARH % ]32477}%]4 4 O]E 433
11. Micromotor ¥ round bur, #11, 12, 15 knife v}, zb bR glel %) %A}olé— g3t &Esgde) v
12. Lever & pulley force applicator A 2228 Permlastic® o2 XHH 7<] F22(Young's

modulus of elasticity=1.18 x 10° GPa)% tiatsld
S =1 o}, 3 3bAQS A& shrlglsted kel A 1
A2TFAE A "5}“‘:}

FAE P Y Ee o SRR AR ARE atet AR TS Y] segment®2 FEF U
A58t S-N planeo] tisgt et =849 25 Chrome-cobalt metal splintZ A 2HatE] 5 7919
(105°) 2 ’3}"}:’“ B U3 et AR A5 £ 7484 9+ vertical extension arms HA|F W
(89°)2 sttt Tzt =ES 3t 684 & A A Aol (ke AXR A& 30°52 A
ZF9 “““Oqo] FA YA dAS D A2 A AR AZF 10°) AEE AZsta, laser BAME &
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splint¢} F7H&8 AFF 4 3499 symphysisell 4
218}, o|wf splint®] ¥HAME-L 61X Z7]o|%F ¥
g FAIYE, 28l AFE 2 symphysis9]
WAE 2 splinto] 81-& 7HEgd FAE 2 dtetZe
A g Fo7t e ARE 18] A A8t
At

A2k splint®  glass-ionomer  cement(3M
Vitremer )& o] &3t Adiel 67X 29|
cementation3t¥ wood board¥lo A3 et
2 2k AJYE s13t7] 93t lever & pulley force
applicator® 741319} 012" ligature wire® T3]
1% F BFJALE 0] 8319 vibration free table
o P AZH(AFF 5, 6) o)™ metal splint % laser
WAL o] ZHA) FA 2 A& momentE A4 A7)7)
d & sl pulley systemS o] &3t Hit)
moment7} 71 A 22 o] 52 FAQl 2L BEEL ¢
ofF ATt o] AL THef o] 2] g momentE FHAIAH T
A B A AAETG (AR Ro2 AFF4el ¢
olFd At Y& F Q7] WiFolth

Ht} v]A g laser speckled] ©lF%4E FH3517]
A3 4m "oz Fojl photodetectorE A |8} 2.1,
laser speckle®] detector®] photodiode(PD)ol] &t 2
HAFE Y tester(Vow) oA 9V7T ZAE =5 A AL
(Vi) & AA3A 2 2). AT 27 10149} 2
o] 39| HLHo] 6AAT AFF4H EE o9 AT
A whgkolul X7 Wk YRR R #
W3l7] 98l splint® vertical extension armel] ©}%-
32 71ekA 9 AEOlA tester(Van)oll A 45V7F
AAHEE AX g o& 7EAF (V)22 39
t}. Splinte] vertical extension armo] & 713+ F
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e Vour = Ve
- e
l 9 Vout > Ve
K -
"Xy
(+) )loser

&l 1. SplintQ) SIS laser specklell SIXIOIs &
HE UEHH= 2AEZ(O Photodiode @ Laser
speckle)

68112 L -

J8! 2. Photodetector® 2212 LEHHE SI=&(A
photodiode)
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I 1. ABIOL 6RIFI0IM E10] CEJZEE! TIERIIQ! 42l (mm)

H 2. &5 68XI0N Tt XI0F X X2 AEXI(mm)

26.15 22.70 2540 25635 22.80 2605 2474

Ao Ao} Ao
A 4ol 16.40 13.90 15,70 1565 14.05 16.35 15.34
st 2o} Zo] 20.75 19.75 18.45 1855 19.75 20.70 19.66
2T 4ol 1290 1245 11.25 - 1120 12.40 13.00 12.20
testero| A 2R H AR = F VouZb Viet(d5V)ETH 7] 7) At #H= AXY AZRE A 2mmAHA T (et
A 75+ laser specklee] PD9 center( 28 194 + 6HA AZF ZF 2mmAHA)
WEHEo 2 o, F gplint®] vertical arme] (+) 8) &4 & FAAY N2E FA 2mmb AAF
oz 3|Ag Aol Huzg ez o] AFFAY 9) 4ot #= FAEA Y AxF FA 2mmb AAF
A B} XA R-Z] X3¢ Ao] HH, VouZb Ve BT 10) 3¢t & 23X A2E A 2mmr] A $
Aol 73-9-o)| &= laser speckle©) off center®3H( 1% 11) A<t g2 224X NZ2F - 2mmy] A F
1A - Weho g ol = gplinte vertical armo) 12) A9t $-2 AxY AFxF FA 2mmy A F
(=) e 2 A3 Fo] HEz izl gl g 13) Aot 2= 2129 A2F EA4 2mmy AR (R
A A B} XY RZ 9X] g Zlo| A} 5 oF 64 AZF F 4mmAtA)
Vour®l VSt & 7ol e 6027 AFFA 9 14) et = FAXY Ax2E 4 2mmy AT
o glo] Ml AR A splint7t FAelE glol 3 15 4ot #F& FAX A2E A 2mmt] AAF
olFd AL & & Ut 16) 4ot += 24X A2E FA 2mmr] AR F
17) 2ot #& 28X A2E ¥A 2mmt] A S
L et 64+ / 18) et & ZAXY AT ¥4 2mmu] AAF
379 e Wi o g theo] 27t leveld tha} 19) ot #= 229 A2F FA4 2mmv] A F(%
o 200g % 300g9) & oj&3td I A9HE ok 642 AZE F 6mmAA)
74eE et 6HX T Ageale AXE FHTY 20) 4ot & FAA Y A2FE 4 2mmy AAF
th 7} level& U533 28 ¢£M2 7} 5‘101'-4 A x2E 21) Ao A& FAAY Ax2F FA 2mmy AAF
FolE FAHE 2mmUYE SA7pEA Fsldh 22) A% $= ZHA Y A2F FA 2mmd AAF
23) et A& AR 9 2T P4 2mmy AAF
1) 2719 Az2F Fol(E 1) 24) 73} & ZAA 9 AxEF A 2mmu AR T
2) & = AR Y A2E FA4 2mmAAF %) et A= A9 A x2F FA 2mmy] A (Y
3 Bt AZ A9 AxF FAH 2omAAF oF 6HA| AZE F 8mmAtA|)
4) At 5 AR A2F 4 2mmAAF
5) & AZF FAX 9] AxF FAH 2mmAAF 2. 3t 68 AT
6) gt & AR XNE2F T4 2omAAFT thg-ol Zhztef Jeveloll tiate] 100g 2 200gS) &%
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o] &3t FHF AAHE 718F et 6HA 7Y
' At} 7zt level e &3 2
& 2mm 992 =9 74

32 342 A2 2mm AAF
3) st 2% F22 A2 2mm AAF
& 243 A2 2mm AAF
5) st B3 244 A2 omm 4AF
6) 3tk ¥ A A2 2amm AAF
7) 9%} 22 73] A2 2mm A (3he} 627 A

2 342 A2 2mm o AAF
2 242 A2 2mm o AAF
10) 312 2 2A A2 2mm & AAF
1) st 22 287 A2 2mm o AAF
12) sfet $% A% A2 amm o AAF
13) shet 22 23 A2 2mm B AAF (3ot 617
A2 % dmm AA)
14) st $2 2% A2 2mm o AAF
15) sfet 2% 384 A2 2mm o AAF
16) 3t $2 2287 A2 2mm o AAF
17) 3ot #% 222 A2 2mm o AAF
18) steb % A A2 2mm o AAF
19) shef 22 24 A2 2mm o AT (3ot 684
A2 % 6mm 4A)

M. HAPNA

£ AdTdX SH = Vourd laser beam?| relative
intensity noise, PD®] thermal noise, shot noise*? |
oA Alztel wat A Fo2(267%) BESHA
Hed, o] 8 Adstd S L 7 leveld 534 wHE
533815 13] &4 F Vou©l Vit THA] Zobd w7t
2 71vEl 30% HE o2 A3l on, 7 level?t
< 24N7 For Z2Fsth. aela splinte)
vertical extension arm’gd Al incisal edgeZ2E] A
FSA7A L Addel tgt 7 2 A9 A A&
B BT HAE AN oH, o]RE AXE A
749 AR gilete] 674 AAE 3t HHFH
ol MWL A9 449 A& /1 ujo) HFA|o}
o AgFAe 9AXE A3t
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H 3. &9 68X HHE olLIQ) X0l= VSRS 29, O 8
D0 CEJwERE! MSAA(Camd NAIQ) Hel

(Lowv. mm) & &AM EZXZZ0I01 Cigt Hig

(Lomx/Bux, %)

1 6.732 6.120 43.886 39.896
2 6.871 6.247 44789 40.724
3 7009 6.420 45.693 41.853
4 7217 6.605 47.048 43.008
5 7517 6.767 49.005 44112
6 7748 7.032 50.510 45.843
7 7979 7.344 52.016 47876
8 8.164 7460 53.220 48.628
9 8303 7598 54.123 49532
10 8510 7.794 55478 50.811
1 8707 8.025 56.758 52.317
12 8938 8.326 58.264 54274
13 9.180 8.637 59.844 56.306
14 9342 8.949 60.898 58.339
15 9.503 9.134 61.952 59.543
16 9.654 9.365 62.931 61.049
17 9.827 9.665 64.060 63.006
18 10.139 9.988 66.092 65.114
19 10.370 10.312 67.598 67.222
20 10.566 10600 68.878 69.103
21 10.774 10.843 70.233 70.684
22 11.051 11.051 72.039 72.039
23 11212 11.247 73.093 73.319
24 11.490 11.478 74.900 74.824
25 11778 11.795 76.782 76.631

It &9t 68 XI2el A& =0 B8l0l (D2 Mes
& ARCl gt

&t 67X FiEAoke] CEJ(CElw)E25E A
A (Cru)7HA 9] Al (Lew) & Bl 3H (R 3)(2
3), °] AFE X&S 7} level?] X2 1, YE
642 HA Fi A2 (Rmol g AgEH
2 9] H] & (Lemw/Rvd) 28t] ZHSBIATHE 4).
F 304 Bxo] 672 AAH TR o] A ZHo]
Rw)E 7102 guf 7] N2F EoldA & 200g
9 g 7IYE9 CEJmERE F 449%2 $1x],
300g2] 3L 718E We o 309%9] Yo A@d=
A (Crmn©l HABFATE 28 4|4 B x| 2Fe

53
e
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( Mx : &OF | Mn @ 3I9H)
R © TR0l X220l
Lc © HAXIOKC] CEJOIM MEZAMIAICI H2
A ¢ BRXI0R] XIZESE NEMDIKC XIES =0
a | R0 NAEEH Met=aMixel Hel
Cr = NEt=A

8 3. 64X TS ol BRAI0R JHRE WMol X
iy o

level 2574 <1 1
B (dLowo D 612 AAHF 212209 Bt v
E(4Lew/Ru) < A3 A 200g3 300g 7ol A 23]
BEH oz oF 0.22mm(14%) Wel 2 vlwad I3 st
A AGgFA AA7 AZHez o5 RS 45
AR
£ 4 A 67A] AA LA 2mmA X Z2F
o] ZAHUE W, = 6313 AAE st HFA o}
2793 ol 2 FgAole] XA E2Ze] FHE 2mm
A Z2gde W AFFAY AU L Lowes) S
At 67X AAF T 2ZZolo g v&(4
Lomxe/Rvn) & 78 2ol 18 5 o] & =183} &
Aolth 7|1 B X2Fo] FAZ 2mmy 4
DS o A5 927} oF 1.35mm(85%)MN Y 2
A AZHe R o) 5T AS & AN
level 1914 level 25744 2+ levele) A 3324 9]
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18 5 7 9 1 13 15 17 19 2t 23 25 (level)

T2 4 Aot MR Mil BLZRIZZ0I00 Thet Metsal ¢
Xl HIELow/Rwx, %)

X HHE BILIO| BHEI0IR JIENS A
0] RIEB(Aw)OIBAIZ ommM 6}

ZAI0] YYRIBIBIH( 4 Lowse, mm
200101 THE HIZ( 4 Lowe/Rux, %)

~ O

pISI i

A1H 7-1 1.247 1.224 8129 7979
A42H 32 1.293 1.213 8429 7.907
43H 9-3 1294 1.178 8435 7679
44H 104 1.293 1.189 8429 1751
45H 115 1189 1.258 7.751 8.201
46H  12-6 1.189 1.294 7.151 8435
47TH 137 1.201 1.293 7829 8429
48H  14-8 1178 1487 7679 9.694
49H 159 1.200 1.536 7.823 10.013
A410H 16710 114 1571 7458 10241
411H  17-11 1.120 1.640 7301 10.691
412H  18-12 1201 1.662 7.829 10.834
413H  19-13 1189 1675 7.751 10919
414H  20-14 1224 1.651 7979 10.763
415H  21-15 1.271 1.709 8.286 11.141
416H  22-16 1397 1.686 9.107 10.991
A1TH  23-17 1.38 1.582 9.029 10.313
418H  24-18 1351 1490 8.807 9713
419H  25-19 1409 1.443 9.185 9.407

61 AAHT A2 o2 RE ] A (am) B A X

FoH] & (av/Anx) S AlFE (R
5) ol X3 3 AL BH(ad 6 7) ALTAA
(Crv) 1A 9] 2 o2 RE 9 Al(aw) = 200gT
N E 4942mmol A 1.98mm7tA] A&H o7 7ka
o 300gTolAE 433mmeollA 1.965mm7kA] 7+
agiry o]d Hlg| xZo] £ e AxE Fold
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o (B 5 o
A1H A45H A9H A13H A16H A19H (#F)

D8 5. MOt 6K MAIE SO BZEA0E JIERS &Z
2. 0 HAAoRl IEZ(Aw)0| SAZ 2mmMy
DG 28 o] MEESAI0| ARIBSIZE( 4
Lomxs. mm)

(mm) 6

o~

o = D ow

TSRS YO RN GAUOT PR HN Y T T PO VRO PR RS S N T TN AIOY HOR S R

1t 3 5 7 9 11 13 15 17 19 21 23 25(level)

T2l 6. Aot gMRITA) level 10IM level 2671A] 2t level
O HEEAA(Cam) 2 68IR| HRIER AEEOR
29l Hl(amx, mm)

15 ]

I N B N WP VRSORS00 S A0 e s

T3 5 7 9 1 13 15 17 19 20 28 25(level)

T8 7.40t 68129} level 10IM level 257K 2t level
Q| MHEEAIE(Crw) 2l 68IX| HAIEZ XAEXHOR
EE0| Hel(am, mm)Ql RZEZ =01(Awo O Tt
ng(aMx/AMx. %)

W3 B S (am/Am) o A & 200gol A& oF 34.94%,
300gAX = oF 31.36% e 4B Hl&s et
Wit

Lk ot 6MA=Cl XIZZ0! Bl [ NS
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CHRIEER 204 25, 19994

E 5. MOt 6XXIZO! level 10IM level 25THAl 2t levelQ]
MSEAIE (Ca) O] 68R MHED IEHOZ2EH
O] Helamx, mm) X XEZ =01 (Aux, mm)Oll CHS
HI%(aMx/AMx. %)

1 4942 4330 13550 36472 3196
9 4746 4122 13215 3914 31192
3 4551 3962  128%2 363B 3076
4 4425 3813 12548 36265 30387
5 4392 3642 12215 359%6 20816
6 4290 3574 1182 36106 30079
7 4189 3554 11550 36268 30771
8 4039  33% 11215 36014 20737
9 3845 3140 1082 3634  288%
10 3718 3002 10548 35248 28460
11 3582 2900 10215 35066 28390
12 3480 2868 9882 35216 29022
13 3300 2847 9550 35497 29812
14 3217 284 9215 34910 30646
15 3045 2676 8882 3423 301R
16 282 2573 8548 33482 30101
17 2702 2540 8215 3281 30919
18 2681 2530 7882 34014 3209
19 2580 2522 7550 34172 33404
20 2441 2475 7215 33832 343M
21 2316  23% 6832 33653 34656
2 2259 2259 6548 34499 34499
23 2087 212 6215 33580 34143
24 2032 2020 582 34546 34342
% 1988 195 5550 3580 35405

CEJ(CEJwn) ol %8 AdFHH (Camn)7HA 9] A=
Lo E Wmd RAeln, 29 8L o] ARE X&&
7} leveld AR 811 Y& AFEAA7NA 9 A
(Lo 2 3to) £F 3813 Zojt}, o] aPeA B
100g 2 200gTNA F3) Low©) 27 A2 B+
53mm AFANN A2 AA/L 2% 6mm¥ ZAPE
o] 3.3mm W74 AXA o2 A4S BT
ch. & Hqg x2Zole] Zas A AYFAA
(Cr® 91%7} CEJun B2 HA o] 53t =&
RAE &5 U

B 72 7} leveldl] olA 64X AAFE X+ 2
ol(Rwn)oll SHgt A& FAAX9 ¥E(Lomw/Rwn) S
Uehd Aoln] 13 92 olE& =X g3 Ao 2A| o]
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H 6. ol 68X HHE BILIC X012 JIERE 4%, 1 I 7. 310 68X THIE SILIQ RO OISR &4, O B
HAXIOC CEInEEE MESAE(Crn) TIAIR!H A FAXI0IC] CEUwmERRE] A8t ZSRANAIC) JEI(LCMn
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-ABSTRACT-

A Study about the Change of Locations of the Center of Resistance According to the
Decrease of Alveolar Bone Heights and Root Lengths during Anterior Teeth
Retraction using the Laser Reflection Technique

Young-Gyu Min, Chung-Ju Hwang

Department of Orthodontics, College of Dentistry, Yonsei University

Treatment mechanics should be individualized to be suitable for each patient’s personal teeth and anatomic

environment to get a best treatment result with the least harmful effects to teeth and surrounding tissues. Especially,
the change of biomechanical reaction associated with that of the centers of resistance of teeth should be considered when
crown—to-root ratio changed due to problematic root resorption and/or periodontal disease during adult orthodontic
treatment.
At the present study, in order to investigate patterns of initial displacements of anterior teeth under certain orthodontic
force when crown-to—root ratio changed in not only normal periodontal condition but also abnormal periodontal and/or
teeth condition, the changes of the centers of resistance for maxillary and mandibular 6 anterior teeth as a segment were
studied using the laser reflection technique, the lever & pulley force applicator and the photodetector with these quantified
variables reducing alveolar bone 2mm by 2mm for each of maxillary 6 anterior teeth until the total amount of 8mm and
root 2mm by 2mm for each of mandibular 6 anterior ones until the total amount of 6mm.

The results were as follows:

1. Under unreduced condition, the center of resistance during initial displacement of maxillary 6 anterior teeth was located
at the point of about 42.4% apically from cemento-enamel junction(CE]) of the averaged tooth of them and kept
shifting to about 76.7% with alveolar bone reduction.

2. The distance from the averaged alveolar crest level of maxillary 6 anterior teeth to the center of resistance for the
averaged tooth of them kept decreasing with alveolar bone reduction, but the ratio to length of the averaged root
embedded in the alveolar bone was stable at around 33% regardless of that.

3. Under unreduced condition, the center of resistance during initial displacement of mandibular 6 anterior teeth was
located at the point of about 43% apically from CEJ of the averaged tooth of them and this ratio kept increasing tc
about 54% with root reduction. But the distance from CEJ to the center of resistance decreased from around 5.3mm
to around 3.3mm, that is to say, the center of resistance kept shifting toward CEJ with the shortening of root length.

4. A unit reduction of alveolar bone had greater effects on the change of the centers of resistance than that of root did

during initial phase of each reduction. But both of them had similar effects at the middle region of whole length of
the averaged root.
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# Key words : Photodetector. laser reflection technique. center of resistance, alveolar bone height, root
length, crown-to-root ratio, lever and pulley force applicator
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