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Torque properties of various stainless steel orthodontic wires
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ABSTRACT

The aim of present study was to evaluate the torque characteristics of stainless steel orthodontic
wires, Forty six rectangular stainless wires were tested. Torque testing was performed by stepwise
twisting of the rectangular wires to increasing values of torsion using a torquemeter, The wire was
clamped at one end and gripped at the other end by a torquemeter, As the rotating torquemeter turned
by step motor controlled by computer, the resulting torque from 0° to 90° was recorded, Five
measurements were performed at each experimental group., The data were analyzed using t-test and
Newman-Keuls multiple comparisons test (p=0.05). All experimental groups showed the clinically
effective torque value ranged of 5-20 N'mm. Torque of wires increased with the increasing of
dimensions (p<0.05). Correlation of dimension of wires and torque became high at twist angle above
30°, There were no significant difference in torque between wire manufacturers with same dimensions
(p>0.05). Among the 3 different types (standard, resilient, HI-T) of wire, the resilient wire showed the
highest torque whereas the HI-T wire showed the lowest torque, All experimental groups showed
proper torque for clinical applications at twist angle above 30°.
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gleo] ox|¢to]l= HAE =43 ol uA
Wkl AaAl As7b 2 EAARE, o
o] Bepll &2 7t Aot HEHE Eea
4L ffste] F= OAREHAL 2™ (Raphael F,
1981), 2% spololE HIEO] HeEPl &l Adsto]
Zofel] AHgt EeAE FofFown AT olFd o}
o] 3xkdA zHo] 7Fsd 4 Al =AU ox|gtol=
A MM et FEAE FH o)) flste] Hag Eea
el oist vk A7 A3t IR Reitan
(1957)& B4 HEo=7 AolE ofFA|daL & B¢
A2 (apical roon)dll 130 g o] ZHgEofof siria
st et FEA A B A2t HiE A
£ 1825 mm A=2 FHPH AHEHT Eods
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@degaard (1998b)= 27%¢] z+d FUE-ZE2A o7
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g 348 Yt 300 HERE & At 4%
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Table 1, Stainless steel orthodontic wires used in this study

Type 016*022 017022 017025 018022 018025 019025 021025

standard (@) @) © ©) ©

:laJl\rfitek resilient (@) (@) (@) O @)

Hi-T O © ©) ©)
G&H standard (@) @) © © © @) @)
Jiscop standard (©) (@) © © © @)
Modern standard © © © @) ©
Ormco standard (@) © © © © ©
Ortho Classic standard ©
RMO resilient O (@) (@) O @) @) ©)

=ctaL skoitt

HI7HA TRt 2l spolofol] o I 2 =l
24 o 4]l JIAE 54 #3 d7e= Bol
JP=EQ o, HEH Ao we wHE ofolofe] &
93 54 #3 A7 BA o Aot uhEhA
2 dTdxe 4% ZERlds 3 wAE gololef &
7], APAE g AEAL Aol Fo] HIEH Zkdl| whE
EQ T F= JFe Hluste] YoM AH3 Be=
H85 Sl zEQlEs A gheloje] dEe] dagdt

A ARe ANSTA sk
R
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2 AroE T #7] (0161022, 017%022, 017+025,
018%022, 018025, 019*025 2 021*025)2] 2}3 Z~H|<l¥|
2 7 oolojg o s AlFstdtt (Table 1), EAY
oIAtolA]  ARRZS] 3M  Unitek (USA), G&H (USA),
Jiscop (Korea), Modern (USA), Ormco (USA), Ortho
Classic (USA) @ RMO (USA) SoA] A|Z38t 46% <}o
o= AP%O}MLHL 7} gfolof= 14 1A (35.6 cm) #
e AFS A9kt &g, 3M UnitekAbelA =
standard, resilient @ Hi-T % 37}A] e 2H|dd~
7 efolofg EAlete] 1 %*él% H] &} git,

B9 3 =3 A2+ ADA Specification #28 (Endodontic
files and reamers)ol|A AAJEH A8 Wl w2} Torque
gauge Mark-10 (USA), Jacobs chuck (Chonge, Korea),

step motor (Sistar, Korea), signal controller (Sistar, Korea)
4 computerE ARSI A AFFSE SAGAE AR
ahodrh (Fig. 1). 14 Q1% Zole] HM3E wAE 9ojo=
25 mm Zo|R FUs Hudete] S48 AHoR F
Hear, tojoje] viEH R FAE EQ I+ Torque
gauge Mark-1002 Z7stlct. 94 2841 Bt

Ag7F 15 mm o]yl Ae m#ste] Ao 1AW 9}
olo] A Aol 15 mmr} HEE

S,

—

torque gauge

holder

wire schimen
s

controller step Tl

computer |--
P motor |-

Fig, 1. Experimental setting of torque test with computer
controlled twisting moae,
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Table 2, Torque (N - mm) of stainless steel orthodontic wires (standard, 3M Unitek) as a function of twist angle

with various dimensions

Groups

10° 30°
016022 195+0422° 561+0.700 ¢
017022 245+0.306 *° 6.66+0912%
017025 2870455 °° 77241507 °f
018025 278+0447°° 8.61+0.445 "9
019°025 339+0524° 98140627

Torque (N - mm) at different rotating angle

60° 90°
1098+1547" 16,15+2299
1221+1803" 18.18+2.363"
16,00+2.845' 24 58+2 398"
17.99+1.880 26.68+2.980"
20.43+1329) 30.35+2019™

Note: the same superscript letters within the same column are not significantly different (p)0.05).

T
Z}

Aeg AFHz A1Ssdon, 2 4
Ae Sgste] Bt BEAAE Fohe] B
o} (Newman-Keuls multlple comparisons test, p=0.05).
2 A Fh LR shololel A9 Azl
e £o3 Ao) uasidn, FUe Azl sholo]
o A% F7l mE Holg VIR, 3M Uniek
Al ¢}oloje] Qo= standard, resilient @ Hi-T 5 3
7HA 8¢l AolE Hustet

A 57 A

2 e o
Z Pﬂ
o, M

=8,
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Table 29} Fig. 20ll& thkelk w71 (0167022, 017°022,
017#025, 018*025 % 019*025)¢] WA] ¢}olo] (3M
Unitek)E Uz 43 203 #He Azlshdh
wZE gtojolo] HIEH ek Eoa SAHFS 2ol
o] #7] (Aol Hlgste] F7kshs P Ko,
HIEE Jert S7FFE ofolojo] FH7]d we Eea
e Fost Apolg Btk (p<0.05). LY 016%022
efojofe}l 017+022 ofolofe] A= froldt AolE Hol

2] kst (p)0.03).

1 | —=—016*022
304 | —e—017*022
017*025
—v— 018025
019*025

Angle of twist (degree, °)

Fig, 2. Torque of orthodontic wire (standard, SM Unitek) as
a function of twist angle with various dimensions,

A@EL glolo] (3M Unitek)o] F71E JehlE o
Ay} 243 £03 o] AR B3 Axk 10714
595 & A% 43AF R 0.9200, 307744 Hl&
A9 0,910, 60° 2 9074 HIERES F
747} 0.9986.0.2 9tololo] HEY Awr} Zr}at

2 dlojoje] TWHAT ZAs ESTE o AFA
Hlrk, Fig. 3ole w44 ofolo] BM Unitek)E 60°
A HEEE & XA sfojole] THAF Eea =
Azkte] AAPAE 2z Jepd Aoz 958 A
AAE Byt

jus)
flr o
Hx o

o Ho o
N oo 4 o

22

018025

Torque (N-mm)
=

017025

017+022

016*022
8 T T T T T T T T T T T T T T
3.6 3.9 42 45 48

Cross-section area x10* (inch)?

Fig. 3 Corelation between forque twisted at 60o and the
cross-section area of orthodontic wires (stanaard, SM Unitek),

Table 391 3M UnitekAlollA] EA1E 5L #5719
ofo]o] Fof|A standard (S), resilient (R) Z Hi-T (H)Z
TEEE 37 7R3 goloE thder ST EQ
3 e vlaskelct. AlzAIAN T S et
a1 AR R ofeloje] E QA ko] 7P =9on,
AR} P =rhm 278 H stolole] Eo =
kel 7H w2 s Bk 2y S22 ek
& 016022 9olojolAE 3744 frgol e Eoa
ko] 593k zbol7t glglom (p)0.05), Sholole] F
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Table 3, Torque (N-mm) of stainless steel orthodontic wires (BM Unitek) as a function of twist angle with
various treatments (S = standard, R = resilient, H = HI-T)

Torque (N - mm) at different rotating angle

Groups

10° 30° 60° 90°
S 195+0422° 561+0.700° 10.98+1547¢ 16.15+2,299°
016022 R 17604102 575+0449" 122140771 18.12+0,642°
H 2.06+0,269 549+0410" 11.15+0812 16.82+1,080°
S 287+0455° 77241507 9" 16,00+2,845 2458+2398 9
017025 R 351+0516° 926+1.125° 18571404 2742+0743"
H 243+0.269° 6.99-+0558" 1496+0570" 231506759
S 278+0.447° 861+0445' 17.99+1880" 26.68+2.980
018025 R 353+0624° 9.83+0.642] 19.22+0677" 2825+1131°
H 261+0.269 ¢ 785+0720' 15.780,620° 2367+0758"

Note: the same superscript letters within the same column are not significantly different (p)0.05).

Table 4, Torque (N - mm) of stainless steel orthodontic wires (017*025, standard) as a function of twist angle for

various manufacturers

Torque (N - mm) at different rotating angle

Groups
p 10° 60° 90°

3M Unitek 2 874045520 7.72+1507° 16.00+2.845 ¢ 24 58+2 398 ¢
G&H 2.30+059"° 7.40+1073° 1569+1289 ¢ 2399+1328°
Jiscop 2914043820 8.07+1289° 15.81+1470¢ 2382+1235°
Modem 2794054620 777+0791° 16.67+0.857 ¢ 2504+0,069°
Ormco 327+0383° 837+0701° 15.60+0.836 ¢ 22.88+1001°
Ortho Classic 2524033330 785+0776° 16.23+1.056 ¢ 2433+1118°

Note: the same superscript letters within the same column are not significantly different (p)0.05).

30—
1 | —=— standard
{ | —e—resilient
25 HI-T

Torque (N-mm)

Angle of twist (degree, °)

Fig, 4, Torque of orthodontic wire (017025, 3M Unitek) as
a function of twist angle with various types,

717F 017°025¢k 018*025% S7}gtel| whet 3744 fr3 e
EQ T ik gk ApolE BT (p(0.05). Fig. 4
o= 017025 F71¢] 37k <] glolojs Wdes
Z4g EQIE JdZ 2 BAIBHT

Table 49} Fig. 50l =ul - 9] o7 AZAMIA EA
gk 017°025 7] 9folojE o s SAst E0 3 @&
Hlwakgit}, e A%rt 10991 Af-ole AlzAb] w
g} H B0 T e tk AolE Ho )9 aFoR
BHE 4 A vER 7wt 307 opdes F7)
HH AzAb] e 223 kel feoldt Aol gl
(p0.05). Fig. 6 =ul - 9] ST Az=AbelA EAISH
0187025 ¢folojg o s SAg B0 s Hluwsh
Jgizelm H SATIEIA AZARE golole] BT
B ol zol= gtk (p)0.05).
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—=—3M
{| —o— G&H
25+ Jiscop
—v— Modern
1 Ormco
20] | —< Ortho Classic

Torque (N4mm)

Angle of twist (degree, ©)

Fig, 5, Torque of orthodontic wire (0177025, standard) as a
function of twist angle with diifferent manuracturers,

30 M I
] i
I il

25 | —— Modem 7 ?ﬂﬂwg\%ﬁﬁ

Torque (N-mm)

Angle of twist (degree, ©)

Fig, 6, Torque of orthodontic wire (018025, standard) as a
function of twist angle with diifferent manuiacturers,

o oM

WA AFA] Ao} Ol%% 2 gE= 39 BHE 9
3 Y=z AYE Xz A4E A7) Er] Al
wole P9 mdEl digh d3ke H™sHA ol
= Aol Hasht (Ren &, 2003). 2} A
M xe} o5& flt Wy FAE A8 uwf FF3
SAE 39 BHE %S o83l Hrks AR ofs)
of Az Zlo] Ui Aotk 53] x|ote] M=
A ZAE Sete wgs glojofol] Fofehs EQ. T
disire Fest AE7E A9 gl Ad3Foltt, Archambault
S (2010202 0190195 719 2H]Qlgl27d ofole],
TMA ¢}o]o] 2 CuNiTi 2Folo]E 022 &2 BelAlo
AR & 4712 HIEY Zhw (12°) 24°, 36° 489

2

A ARE EQaE MlwetglEd], 127 olste] HIEH

ZoMe oA e 3 o] ofoloRt ot o)zt
AR, 24° oFe] HEY ZAoME ZH]QlHx A
glojofolA] QY E3 gko] TMA 9}o]o]e] 1.5-2m],
CuNiTi ¢foloje] 2,5-38] A= Zivkal &fqch.  whebx
WG eolofo] #7|eh A wEt HEHORE AAE
= EQI ARE 5% 7 e Agd Aot He
& Zlo= Helt

2o} o5& ¢lste] HQagh 3ol thste] Hixon (1969)
7} Nikolai (1985) S©°| A3t v} J=d|, Boestere}t
Johnston (1974)& A7} EH3IA] ¢k Jefollr] X|o}
ol s Hagh Ao Y& 2-1000 g HelZkL 3
“‘o‘}‘” A o)Fe] Fask o2 Storeye} Smith (1952)
150-200 g 9L sh3laL, Hx] olsel Zagh
q2] 3]0 & Jarabak (1960)¢] 28-110 g=, Begg (1956)
00 gol#tal &Y™, Ricketts (1998)= X2 ZH
o wet 70-135 g A=t skgdeh o] o] o}
o Fad HAo 3o Aol =], o]F i} &
TR wh oAl AAEIL glom, A 70
Aol 3o izt Nd2 AEHHoR AL Qe
}ato|o} (Ren, 2003; 2004).

(SN

1r

0>’ ) r_u., o, _l>4 fr Fl
-4 ot =

vl gatE 4% glolofrt ot F= o=
Ad 7hBiAlE @9 og =mHErL g v, 43
glojole] 9= Bl LRUA vlEE &t wfet
M9 Eemvt A9 & e, BEod ade &
A mepe] 2719k Ag 574, Heplel] ddiew
HgeRl sae Aw, A we 9 weple) R
AA T Tt LOH oJgks Wke 2= Qluiw 3}

(Germane &, 1989; Morina &, 2008; Huang &, 2009;
Archambault 5, 2010b). Drake & (1982)2 019%025
glojoj7} 1000 g - mm EQIE XS] Ysfke] Nitinol
2 oF 457, TMAE 20°, ZHIQIE 2 242 10° A% HE
ol HgHolop drkal adrh. LimF Kim (1994)&
017%025 9}o]olE thde s B35 =43 Ay 1 3
o WEY Zwo o 2 Eoa &AE BEIY

sl 28 @ F dstel AU Duke s
(1982)¢] Al G| F FLolx aAste] 245t
Q71 whzolekar Awetlrh. Lim? Kim (1994)2 thek
3 g ofolole] B AE A3 A wgE T

o FIVE SVEEE Eod = SR, FUE
HEY ZhEoA] /\Eﬂolﬂﬂ 7, ARE-IEA T
(Elgiloy), B-ElebaAl &= (TMA) 31 YA-EelsA &

+ (Nitonol) A2 EQ A 7L0] okt &gt
Reitan (1964)37 Holt = (1991)& Aot =Hx|d H
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A 5 N-mm EQ=} ZQ3ltta 3+9Jal, Burstone
(1966)7} Feldner 5 (1994)2 %7]ol] 10-20 N - mm
#ol Eea5 Ak Zlo] B/sirial sgirt. Drake
s (1982)2 10 mm Zo]9] gfo]o] (019025 HIEH
Q35 4% A 60° HEHA ZEQlE= A 9
olo]e] EQIE= 47 N-mm, TMA 9}0]ol= 22,5 N - mm,
UolElE 9}olol= 103 N-mm A=Y 3o,
(1997)& 016022 Z=E|1H 2= 7 2}o]ojol|A]
20 N-mm EQIE 7] $J8le] 24.6°-29.2° #<jo] H]
Edo| Fgsltiar skt Gmyrek 5 (2002)2 016022
o} 018*022 2H|QlEl= 7 54E 018 &322 Bl
st 15° HIERS & 74 12951433 N-mm W
9le] Eo 7} A, 0197025 2H|QlHA 7 34
S 022 £59 Hepld Aslsta 15° HEds & 4
o WS EQ T+ 6.48-9.32 N - mm WMk 3}
T3 Gmyrek 5 (2002)2 YA 84 Hask &
EQ I & 520 N-mm W ARKsI=H], ol
g EQIE 019025 ZH|QlEl: 7 s49 022 €29
Bl Z3ol|A A7) $J5)e] active self-ligating HEPAY
7495 15°31° HlE"
HePld A9E 22593450 HE
7} By ME} (Badawi =, 2008).
Bachmann (1983)2 25 mm $}olo]2 B|EY EQ A
785 ZHIQlEE A golol= 1507 o] ] H]
E oA 5\_7‘3 HES WA olElE 9folojo] 7
S 3007HA] HlEEE & At &4 HIEHA ‘E%Szl
Tl &S], ddelld gholo] s eisial ©HA
Hefellx] gt Hl%%‘. Agst7] flate] 2foloe]
2 E|ofof ghthal 3F3itt. Meling
r‘a}‘aﬂ' 7%5]% 4 mm o]'oq

Meling &

M'i

BUR

o] HQ3lal, passive self-ligating

ol Hasit= AT

_4

rulo

3} @degaard (199821)—1:

thbe 4% IHE-IFA T sS4kl o vl
EgS Fux YAHE EQAE 243819+, 20 N - mm
EQaE 7] Ho}cﬂ g*u dAe] Aw=, #H71 9 A
ZAb Tl wet vlE = 9.54°¢14 48.55°7+4]

Q3 &t Mehngdf]- @degaard (1998b)= Bzt
AelE 4 mmz G FR]oA Tkt F7] (016%022,
017°025, 018°025)9k S54< 2= 4% UA-Elehr o4&
s e R Eeas SHsIGEt 257 viEds
7Rt A9 B0 e e FRdl wEh 2.07-23.39
N-mm HE BTl aF3laL, 257 oo HEHS
7Fl s9] 54 wet xS Hel Aee it
3 EGth B AFelMe <felole] @-ﬂ% 15 mm&
3t Ee =8 SAstaketl, 3071 Mg s VIR A
EQA 2 ofoloje] F7|o| we} 5.619.81 N:-mm
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