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[Abstract]

Purpose: The purpose of this study was to impact of force system change in finger spring that add helical coil one
round on orthodontic force.

Methods: The following conclusions were drawn from the experiment conducted after bending 90 samples with a
CNC wire forming machine while changing the height and lumen size t0 1mm - 3mm - 5nm and 2mm - 3mm - 4 mm
respectively in the coil of the force system in finger spring added with one wheel of helical coil of 18-8 stainless steel
round wire (@ 0.5mm, spring hard) from Jinsung Co. in domestic market under the following conditions:
Laboratory name = Instron 5942; Temperature(deg°C) = 18.00; Humidity(%) = 50.00; Rate 1 = 10.00000 mm/min;
Compressive extension = 5.0mm.

Results: When Coil height is 1, 3, 5mm and lumen size is 2, 3, 4mm reduce finger spring as mean value of
compressive extension occasion maximum load(mN) increases as coil height rises, and lumen size grows to 5.0 mm.
And was expose that compressive load(mN) increases as coil position of finger spring rises and increase as lumen size
is decrescent.

Conclusion: As the adherence height of coil was raised from 1mm through 3mm t0 5mm, compressive load
increased. As the lumen size increased from 2 mm through 3 mm to 4 mm, compressive load decreased. Therefore, these
results suggest that it is desirable to lower the coil height and enlarge the lumen size to enhance the biomechanical
efficiency of finger spring when manufacturing the finger spring for removable orthodontic devices.
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Aol ARE flsto] 77 el gabe 7HEA
A2 9] energy sourcest spring. screw, elastic &
59 energy
sources= activation A|A AL Ao xjop} o=
= Yoh= A2 A sHA Hoh =2, 1998).

UUFA © 2 finger spring®|U cantilever spring 5=
A2reh= B9 % HH—J AgtA 1 A48 wfjZof| spring =
SHNE S7HAA A5

2z
wAYog gejFo|a FLAQ 2o} o]F BA gAJS

o] Qlt}, 18] spring, screw, elastic

e

#I5te] helical coil& F7HRITHEZAE 5, 1999).

o|g 7| 22 9FO 2 spring arm< activation T =8f
o $le A5 ARnYGAE ALetA =de7] s
HIREEA 22bsfof sk MAZZo] AT,

I B2 orthodontic force system 7Fe] A o] u}

£ 24 WYY o 50| Lasitt,
WARE Al AME-EE spring 5 orthodontic

force systemol| thek A 7F 427l 2 Wol Sl

ey AR GFAE AAehe el sAksol 7
Hofl o3t o) ol&stal 9o =E spring® force
system®] 2|49 nA=S WAL 4 U=
Olszo] obd 4= §itt, Eqt Z2(1998), Boshart(1989),
Chaconas(1984) ~-4 A8 Aol A= spring?] alloy
type, wire diameter, lumen size, shape, spring 49|
ol gt AHHAE R spring $1A W}
orthodontic forceol] oJH F3FS vl =4l tfgt A+
= 27171 etk

ook wAggel A7|E W7 g wHoe=
orthodontic wire®] A &oJu 57|, spring®| FEfE ™
SFA|AOF Bttt

ojX ¥ FAH AEHAE STHIA AEA Y nAY ™
S A7) 9sto] springoll helical coil2 F715k= 78‘—?*
orthodontic wire2] Aoyt 771, spring®] Il
(helical coil®] lumen size, coil®] 34*, spring®] %Z
% force system®] H3ho]| w}2} orthodontic force”} %
S Wh=tal shelrt,

wp2ta] o] 2] H&2 18-8 stainless—steel round

2

¢
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wireZ orthodontic springe A&sH= A% force
system % lumen size @ 9%]¢] ®H3}7} orthodontic
forceol] oJ® @oFE WA =A] YobHil YAt oz 7§

4L £Y 5 U 7MY ABRAYAE ASEE

D Al A ol A AlzkEm ol A 2|2} w7g 7]

o8& A Aol wWol AMGEl= wire 5 1471912 18-8
stainless steel round wire(@0.5mn, spring hard)©|tt.

2) A AlZE o] 27(Table 1, Fig, 1)of 95=0]
CNC wire forming machine > 2 90712} A]HE- bending
Eipitas

Table 1. Fabrication conditions for samples

Ieng:)r:ir?;arr;)ger nelal o' lumen size(@)

2

1 3

4

2

30 3 3

4

2

5 3

4

30mm

2 or 3 or 4mm _T’;
1 or 3 or 5mm —

Fig. 1. Fabrication conditions for samples
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Helical coil= 3+ 8] 3713} finger spring®] force

system % acrylic resin® 24 ¥ helical coile] FAH

Spring®] lumen size2} helical coil F4] 1A Halr} Ao n]A & FTF
mZz 3
Acrylic resin© 2% helical coilo] 4% =o|7F 1

=012} lumen size®] W7} finger spring®] stiffness
9} action range®l] oJH F&FS v|x|=X] AHE IR} 5
=7} 50.00%°1% 18CE frAIsh= A AolA Instron
5942%F ©]€3to] 10.00000mm/min®] £E2 5 0mE

compressive extension St}

mn¢! finger spring®] arm< 5.0mm7}A] compressive
extension ¢k % maximum load(mN)2] HFgH>
lumen size7} 2m¥ @ 160,79, 3mm ©f 144.32, 4mm¥
o 119.10 ©] itk

18]3L compressive load(mN)9] H#4F2 lumen
o 158.63, 3mm¥ o 141.87, 4mm¥
116.21°] 1 EHTable 2).

sizeZ} 2mm&

Table 2. Compressive load under compressive extension up to 5mm when the height of finger spring coil is 1mm, and

the lumen size is 2, 3, 4mm, respectively

(unit: mN)

compressive load
at preset point
(compressive
extension 0.5mm)

maximum load

compressive load
at preset point
(compressive
extension 1mm)

compressive load
at preset point
(compressive
extension 3mm)

compressive load
at preset point
(compressive
extension 5mm)

dz2 d3 d4 d?2 d3 d4 d?2 d3 d4 dz2 d3 d4 d?2 d3 d4

1 15648 14559 11327 1778 1425 853 3132 2831 1924 9492 8641 6366 15443 14201 11157

2 16421 14599 12238 1629 1614 1017 3604 3383 2098 9969 8656 6877 15980 14221 118.61

3 16498 14131 11367 1866 1710 1019 3288 2766 1726 9876 8313 61.81 160.30 13890 110.01

4 16489 14086 11896 16,05 1422 1004 30.01 2711 1824 9696 8197 6677 16442 135.04 11684

5 15772 14386 10700 1686 1486 1119 3555 2086 2002 9470 8672 6150 15523 14377 104.29

6 169.06 14509 12455 1702 1277 828 3605 3065 2193 10512 8705 6865 166.63 14244 120.86

7 15217 13789 12929 1401 233 1541 2865 1690 2528 9130 7352 7464 14996 136.77 12581

8 15542 14776 11910 1791 1587 817 3237 3144 1819 9469 8813 65.00 15383 14627 11884

9 16386 14348 12016 1775 1955 921 3367 2902 2120 10329 8302 6724 16275 14293 117.24
10 159.06 15140 12260 1527 1714 1149 3228 3049 2113 9706 9011 6623 15896 14832 118.09
mean 160.79 14432 11910 1676 1442 1027 3288 2853 2035 9765 8466 6643 15863 14187 116.21
sendard 5% 380 639 139 465 214 251 453 23 420 465 38 5B 405 608
Acrylic resin 2% € helical coil®] @4 %=0]7} 3mm Acrylic resin® 2% helical coil®] FA%H =07} 5m

¢l finger spring®] arm< 5.0mm7}A] compressive
4%~ maximum load(mN)2| B4k

f 165,96, 3mm wj 153.06, 4mm¥d

extension ¢ 7
lumen size”} 2mm¥
uf 130.220] ATt

12]31 compressive load(mN)2] B4 lumen
sizeZ} 2mm¥ W 163.24 3m¥ W 150.63, 4mm¥
127.700] A =HTable 3).

?l finger spring®] arm< 5.0m7}A] compressive
39 maximum loadmN)9] H#7kS

o} 168.41, 3m¥ wf 153.01, 4mm

extension ¢ 7
lumen size”} 2mm¥
uf 139.370] Tt

123 compressive load(mN)e] B3k lumen
sizeZ} 2m¥ o 165.99, 3mm¥ w 150.97, 4mm¥
137.590| ${H(Table 4).
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Table 3. Compressive load under compressive extension up to 5mm when the height of finger spring coil is 3mm, and

the lumen size is 2, 3, 4nm, respectively

(unit: mN)

maximum load

compressive load
at preset point
(compressive

extension 0.5mm)

compressive load

at preset point
(compressive
extension 1nm)

compressive load
at preset point
(compressive
extension 3mm)

compressive load
at preset point
(compressive
extension 5mm)

d2

a3 d4 d2

a3

d4

d2

d3

d4

d2 d3 d4 d2 d3 d4

16330 161.19

12525 11.56

15,19

830

2947

2856

17.24

94876 9198 6774 16311 15760 124.52

16347 1

5441 13638 1643

16.66

1288

32.44

3331

2941

10165 9426 7897 16317 150.02 13392

159,39

162.78

135.06 1387

17.07

13.27

28.71

36.60

26.12

95682 9938 7793 15468 15870 13364

17584 1

4015 12541 16.66

10.32

9.23

38.37

2248

20.58

1578 7991 6788 17214 13777 12284

17591 1

5352 12856 19.24

15.41

1.35

36.00

33.70

2059

M55 9148 7262 17317 15228 124.60

163.27

16382

12619 17.38

16.62

10.16

35.86

3249

19.07

99590 9209 7018 15843 14944 126.06

164.62

165,95

13142 15,53

1468

10.82

31.07

30.60

2155

99984 9457 7678 15876 15545 131.39

166.97 1

5172 12831 17.19

19.96

8.05

3338

3328

18.33

10489 8795 6939 164.07 151.37 12198

OOl N ool wW|N|—

160.63

14697

12701 1928

13.11

9.20

3339

2790

2159

97801 8546 7347 16060 14512 123.04

o

166.24

150.06

13861 17.94

14.01

898

3339

2878

24.31

10240 9133 7582 164.23 14853 134.98

Mean 165.96

163.06

13022 16.51

16,30

10.22

3321

30.77

2188

10242 9084 7308 16324 150.63 127.70

Standard

Deviation 5,69

655 487 237

258

182

299

4,00

3.74

671 5360 418 580 616 51

Table 4. Compressive load under compressive extension up to 5mm when the height of finger spring coil is 5mm, and

the lumen size is 2, 3, 4mm, respectively

(unit: mN)

maximum load

compressive load
at preset point
(compressive

extension 0.5mm)

compressive load

at preset point
(compressive
extension 1mm)

compressive load
at preset point
(compressive
extension 3mm)

compressive load
at preset point
(compressive
extension 5mm)

d2 d3 d4 d2 d8 d4 d2 d3 d4 d2 d3 d4 d2 d3 d4

1 17805 14378 13877 1859 176 1237 3337 2500 2133 106.02 81851 76451 17213 14049 13871
2 15087 14400 12648 1248 1228 603 2753 2523 2365 95137 85310 70.624 15943 14389 126.38
3 16946 15514 14052 1659 1610 0946 3183 2081 2465 10420 89.026 78722 167.22 150.84 135.89
4 167.72 15315 14388 1443 1507 1311 2059 2733 2169 97903 95122 79638 161.73 15041 14373
5 17145 15305 14300 1690 1275 1239 3447 3089 2357 10445 91.355 84.838 170.61 14974 13853
6 17430 16371 14590 1658 1914 1409 3285 3587 2442 10754 107.09 83787 17417 16183 14567
7 16806 16561 13265 1498 1451 985 2976 3318 1890 99738 101.36 71771 16560 164.85 13181
8 16546 15606 14072 1176 1498 852 3117 3371 2420 99.171 98358 78547 16278 154.06 138.96
9 16663 14991 14606 1726 1654 199 3571 2820 2513 104.93 92565 82751 163.69 14855 144.98
10 16313 14573 13675 1258 1727 1087 2823 2046 2084 96962 93304 72769 16252 14498 131.26
Mean 16841 15301 13937 1522 1504 1087 3145 2087 2284 10160 93544 77990 16599 150.97 137.59
gﬁ:}gﬁorg 528 757 623 23383 23350 24300 2.6913 36099 2.0342 43105 7.4625 50473 49051 7.6266 6.3548
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Spring?] lumen size®} helical coil @4 $12] Wsl7} LA Ho| n|x]&= FgF

o7},
o finger spring

Acrylic resin® 25 ¥ helical coile] 4%
3, 5mm®|™, lumen size”} 2, 3, 4mm¥
9 arm< 5.0mn7FA] compressive extension ¢t ¢
maximum loadmN)&] H4F2 helical coil =071 =
OFA+E Z715IAL, lumen size’t A-GTE A4S
Compressive load(mN)2] B4k GA] helical coil 9]
7} oA 4E 271813, lumen size”} AZGE 45}

AcHTable 5).

Table 5. Means of compressive load according to the
changes in finger spring height and lumen size

height of lumen maximum compressive
coil(mm) size(d) load(mN)  load(mN)
2 160.79 158.63
1 3 144.32 141.87
4 119.10 116.21
2 165.96 163.24
3 3 153.06 150.63
4 130.22 127.70
2 168.41 165.99
5 3 153.01 150.97
4 139.37 137.59
Vo #

dutrow A3 A A= Al Ad 24

)
1o
oE
4o
rir

9-1,000g/er FEolH 7 ZJote] Xd wHHL 50~
360g/ar, 123 Ao} ol EHefo] W A wAHYE

10-120g /e =2 LA QUrt,

A w4 Zm Al AHE-E= helical coil spring
open coil spring@} closed coil spring®.2 L™,
orthodontic wire®] Aoy 217, spring®] He| W3}
(helical coil®] lumen size, coil®] 814, spring®] 4o 5
force system®| Hho whe} oot AJzlo] depxic,

olg|gt o] f 2 WS U3tz spring? alloy
type, wire diameter, lumen size, shape, spring 29|
5o Al wet Ao} o]Fef Hagt 24 nAHs
AA} W ATE W) YrHBorn, 1955; Webb et

al, 1978).

2 el gRiste] LAl Ad A AlElE A e
B ot Aok

&2 0] wAY oz |20l 2 ool HA)L chas}

7] $3to] spring= W=+ orthodontic wired
stiffness”} Yook 3}l action ranges '\ o]oF gttt

orthodontic wire®] A&l W2 L/D rateo] thsto]
Boshart(1989)+= €42]& 3'H Co—Cr—Ni coil spring
2 stainless—steel coil spring 2.t} stiffness”} 13% %
7Fehefal Harsheict,

Chaconas 5-(1984)2 open coil spring®] sFsHE =
ALl A stiffness wire 2]70] Z71sHH wheba] S71s)
AL, Yol S7kshes 9= Atttk sheidt,

%3 Boshart(1989)= wired] Aoy 27, WA,
spring?] Zo] 5 force system= HIAIZ] 7-$- wire?
217 W31} spring W7 W3} spring rateol o @
< S vRIThaL shelek

%3 Chaconas 5(1984)= Co—Cr-Ni ¥ stainless—
steel open coil spring®] 2733 U7 wWslo| w2
stiffness+= wire 27| 7kl W7ol AAshH whet

A Z7VelaL, wire 7o) AL Ao 27t A

%_‘Xéo}il ol dashe 7B stiffness= ?7}6JEPJ—
skt 18 Boshart(1989)+ spring®] W7ol
spring rate®l] ZLTHA] Q& WA A] Q=L STt

Chaconas 5(1984)= spring®] W74 #429} wire2
274 57F Al spring &4l ot nAHE Frsitial
a3k,

Webb 5(1978)= wire diameter?)
size?] $7H= W2 deflection rateE FA|5h=t] £}t
L 5

o|xg M¥y AtolM=

742} lumen

spring®] alloy type, wire
diameter, lumen size, shape, spring Z°] 5oi that
ABBRAE ol thE9 o spring A WL
orthodontic forceol| o1H G v|x|=A]o tfgh A+
SA 2 2717 etk

a8y HFE 5(1999)0] WEW 6mn =] loop
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spring®] force system % helical coil& 2t v} 3 7}gt
3 coil®] o] W3} w2 Aol A helical coil®] 2 mm 9
20| & W= L/D rate?] Faar} gl 1R 9y
o}gf & helical coilo] ¢JA|aloF L/D rate?} 7HAsHc}
3 3HTh 283 M/F ratio= A& 2oz Z7lsh=t|
2 mn |3} A= helical coilo] §1& uff X} 082 Zha
tha skl

B Ao A= acrylic resin® 25 -¥ helical coil®] &

AE =ol7F 1mQl finger spring®] arm< 5. 0mm7}A]

ot
ofi

compressive extension ¥t 749~ maximum load(mN)
9] HAZHS lumen sizeZ} 2m¥ @] 160,79, 3mm¥
144.32, 4m¥ wf 119.100]/c}. Z1E|al compressive
loadmN)2] B7F2 lumen size”} 2m¥ wf 160,79, 3
med w 144,32, 4mm¥ W 119.100] AT},

E3E acrylic resin® 25| helical coil®] F4% =9]
7} 3m¢! finger spring®] arm= 5.0mn”7}A] compressive
extension g 7% maximum load(mN)2] Hw#->
lumen size7} 2m¥ @] 165,96, 3mm o 153.06, 4mmY
wf 130.220]1th. 12]3 compressive load(mN)2] H+
Zre lumen size’} 2m¥ @ 165.96, 3umQ @ 153.06,
4mn w 130.220] 3tk

R[22 gerylic resin® 25 helical coilo] ¥4
¥ =07} 5m?l finger spring® arm= 5.0mn7}A]
compressive extension $+ 7%~ maximum load(mN)
o] HgkS lumen sizeZt 2m W 168.41, 3m¥
153.01, 4mm¥ wj 139.37°]%tt. 2|3 compressive
loadmN)2] B4k lumen size”} 2mY ) 168,41, 3m
o wf 153,01, 4mm wf 139.370] et

Z acrylic resin® 25 helical coilo| @A &o|7}t
1, 3, 5mm®]™H, lumen size7} 2, 3, 4mm¥ WY finger
spring®] arm< 5.0mm7H4] compressive extension 3t
78-%- maximum load(mN)2] B¢k helical coil %°]
7} oA 4E 271813, lumen size?} AZGTE Aast
o}, I2]3 compressive load(mN)& finger spring?]
helical coil Y27} =olA42 2715121 lumen size=
Aot g F7Fshs A2 UElTh

w24 orthodontic wire® 7Ha4] 2|2t 4=]of 2

83} finger springe A|&sh= 7 force system &

336 _chotx|at7| 2ot X|

lumen size ¥ helical coil®] 9% ¥3}7} orthodontic
forceol] FFS PIAA HE= A a&4dS =017]
3t acrylic resin® 747 helical coil HA= 25

I lumen sizex 37| k= Zo] vlERlsitta AR}

V.8 B

Helical coil= 3+ ¥} %713t finger spring®] force
system ¥13}7} orthodontic forceol T]A= F&FS Lot
H7] Jate], ol AltEl= 21471¢] 18-8 stainless
steel round wire(@0.5mn, spring hard)® acrylic
resin © 2E helical coilo] F/JH 0] — 3mm — Smm)
2} lumen size@mm — 3mm — 4mm)e] WIS Fo] CNC
wire forming machine 22 907§¢] finger spring<
bendingdt &, $=7} 50.00 % o] 18CE G-A5H= A
Ao A Instron 5942& ©]-8-5+4] 10.00000mm/min2]
£E2 spring arme 5.0m7}A] compressive extension

She WO = ARe 23 okelel 2o 2ES Uglch

1. Acrylic resin®25¥ coilo] 4% =017} Inm — 3mm

— 5mnE =OFA4E compressive load+ Z715FA L)

2. Helical coil®] lumen size7} 2mm — 3mm — 4mn= =

7}ek=E compressive load:= 45kt

3. webA 7FE A w429 finger spring Al
= O

Al A eehA BeAde =017 15k helical coil®] $17]

5)
£ @311 lumen size= 3A dh= o] HFAg o2

o
K

=9

7372, 178 closed coil spring®] 71414 /g Ao 3t
H| L A, gdisha skl 1998,
2Id, 145, o9d, 2L loop 22X force

2)
systemol] Y= T= Q4 tiHA| B34



Spring®] lumen size®} helical coil B4 YA M3/} WA Ho| n]x]+= gk
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