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ABSTRACT

Load-deflection characteristics of

beta-titanium wires

Geon-Woong, Lee, D.D.S.

Advisor : Prof. Sung-Hoon, Lim,
D.D.S., M.S.D.

Department of Dentistry,

Graduate School of Chosun University

Recently, many companies have started to sell various beta-titanium wires,
but the physical properties were not properly compared. The purpose of this
study was to compare the load deflection characteristics including size, stiffness,
proportional limit, and permanent deformation. Six kinds of .016” x .022” and
019" x 025" wires were used and 10 samples were tested for each wires.
3-point bending test was done using universal testing machine. The results
showed that there were very little size variation among wires. But in the
load/deflection characteristics, there were many differences like follows;

1. TMA showed larger amount of permanent deformation.

2. Beta Blue wire showed different load/deflection characteristics between .016”

x .022" wire and .019” x .025" wire.

3. Titanium Niobium wire showed stiffness and proportional limit similar to

other beta-titanium wires, and relatively severe permanent deformation.

4. Beta-titanium wires with low stiffness and less permanent deformation are

016" x .022", and .019” x .025" DBeta III-CNA, and .019” x .025" Beta Blue.

- iii -



When selecting beta-titanium wires in the orthodontic offices, selecting

beta—titanium wires based upon this study is recommended.
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3 wAd vy AFE AT, vE-Helwe Adoex 5%
spring-back, $t& A4, B AP, $5% 440 muw w glomt
dHogE =g vpRgol Bug up gl
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1. 238 A=

AT = 571 B Aol #wlE A = 6F 0 MIE-ElEE gelolE
AFE3 o Titanium Niobioum 9FejolE A 9jstxe 2z 0.016° x
0.022” B 0.019% x 0.025" F 7}A =719] ¢foloj 5 Aol A8 tH(Table
D. oAxl 7AA FEwe F 1159 golo] ZhztelA U batche 10714 9
Aol ARt o™, & 110709 AlHe AFgedo 2 &4 d 9

Aol AbgsF Ao

E]
7

12

Table 1. Beta-titanium wires used in this study

Manufacturer Location Product name Size (mil)
TMA 16 x 22 /19 x 25

Ormco Glendora, CA, USA Titanium Niobium 19 x 25
G&H Greenwood, IN, USA Titan Moly 16 x 22 /19 x 25
RMO Denver, CO, USA Bendaloy 16 x 22 /19 x 25
Ultimate-Wireforms Bristol, CT, USA Betalll-CNA 16 x 22 /19 x 25
Highland Metals San Hose, CA, USA Beta Blue 16 x 22 / 19 x 25

2. ¢olo] AV FA
ofolo] FHRER RE AW ZHy FAE YAE A Mitutoyo,
Kawasaki, Japan)E& ©]&3%}o] 0.0lmm ¢ = A=3sF3th

3 33 &3 A ¥

HEl-Elelg ofolo] Al dF W A4S 37 = AEEs F3 et
At 37 FF AL s EAAIE 7] (Lloyd LF plus, Lloyd instruments,
Fareham, UK)E Alg&3to] Al@stdom, 20N € %9 load celle AF&3E
o} oju HA¥PMe 2 F 23° + 1°F FX 3R 2™, crosshead £+ 05
mm/mino 2 -9t 38 =3 AlgE X 1E ANSI/ADA spec No. 320 u}

g} &3 A1) gfolo} XA F Abolo] A7t 12mmrt HEZ AIE Al

u|

-2 -



st ow, AN Ao H2ZE plungert dHF A A F Alolo] Fofe AT
=5 e =g Ao ¢folo] A AF Yl plunger F = 2

Fdo] HEE Atk 016% x 022”7 WE-EEg ¢fo]ojo] A S = dt5 ol
7Ne| & w74 WA o, 019" x 025" WlEL-ElElF etolejo] A g-olE
stz o] 13No] = w712 WHAA AT, 019" x .025” Titanium Niobium <}o
ojo] A= Hdl =3 =7t 10N 335t 95N7HA] HAAI AT, Ao
ozt A as W9 SdogrRY A4, HEdA, d7rHdFs ekl

.

—

12 Omm

Q?‘""" I I'I I

(2501mm

Fig 1. Upper & lower jigs for three point bending test.
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1. ¢kolo] 7] & A

ofolo] FFE AV|9 H#FH BFHEANE U3 2 (Tables 2 and 3).
016”7 x .022" WE-E]ElF <o) o] = gtololseo] FA 16mil, *
22milel gt FH FARTE FU e e 2iov, TMAZ 714 +3
FADR FAF FAE WA, Beta blue?b 714 e FXE HtHTable
2). .019” x .025" W El-EElE <folojol A= F7 19mil, ¥ 25mile] &3
ARt T A2 @S Biow, FARTE Zo glojx 27t FF
ARt 2 S UEFWTHTable 3). Zelv AEFEES Abo]o] #A g Aol

A

o

A

Table 2. Thickness and width of .016” x .022"” beta-titanium wires

Product name Thickness(S.D.) Width(S.D.)
TMA 15.9(0.2) 22.0(0.8)
Titan-Moly 15.7(0.1) 21.5(0.2)
Bendalloy 15.7(0.0) 21.7(0.1)
BIII-CNA 15.6(0.2) 21.5(0.3)
Beta Blue 15.6(0.2) 21.2(0.2)
Unit: mil

Table 3. Thickness and width of .019” x .025" beta-titanium wires

Product name Thickness(S.D.) Width(S.D.)
TMA 18.9(0.1) 24.2(0.3)
Titan-Moly 18.9(0.0) 24.3(0.1)
Bendalloy 18.8(0.2) 24.9(0.3)
BIII-CNA 18.5(0.1) 25.1(0.1)
Beta Blue 18.7(0.2) 24.4(0.1)
Titanium-Niobium 18.8(0.2) 24.4(0.1)

Unit: mil



2.33 23 AN ¥

016" x .022" W El-Ele}g ¢toloj 9 33 == Ald A% A oA =
Beta III CNA7} 524cN/mm=z 7} $okom TMAE 3 59|01, beta
blue= 543cN/mm= 7} = tH(Table 4). .016” x .022” W E}-EJElF £}o]
o} o+ W IFL Beta III CNAS Bendalloyol A 7173 wokon, TMASH
Titan-Moly ol Al 7} Zith vl Al = Aol vldsts FFS 1

Table 4. 3-point bending test results of .016” x .022” beta-titanium

wires
Properties Stiffness(sn.) Permafzent Pr(?polrtional
subset Deformation(sD.) subset Limit(sSD.) subset
(¢N/mm)
Product (um) (eN)

TMA 561(4) 3 92(12) 3 341(53) 3, 4
Titan Moly 599(7) 4 82(10) 3 342(33) 3
Bendalloy 551(5) 2 26(5) 1, 2 252(11) 2
BIII-CNA 524(6) 1 21(3) 1 214(6) 1
Beta Blue 643(9) 5 37(9) 2 394(37) 4
p-value <0.001 <0.001 <0.001

Means with same subset number indicate same Tukey group and no significant

difference (2~ > .05)

019% x 025" Wl El-ElElw 9telole] 38 =3 Ad A AAd doA =
0167 x .022"7 ¢folojoA 71 =2 AAHES EYW Beta Blue ¢folo7}t
914cN/mm9 7}¢ w2 AA HHow, 1 tHFosE TMAC Beta III
CNAZ} @& AAE B ¥, Titan Moly7b 1149¢cN/mm=E 7}%4 =& AAS

B
YERRTH(Table 5). 97 W& ZFell AojA= 016" x 022" sko]ofol Ao} np3t

o
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7FAl 2 Bendalloy, Beta III CNA % Titan Moly7} @2 g3 S e}
wom, 7h 2 dHE S UEd e TMAJH. vl A= 0167 x
022" s}olojo A9} mpz7EA = ZAA] o Hl Y B A tH(Table 5).

o

o
s
o
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Table 5. 3-point bending test results of .019” x .025" beta-titanium

wires
Properties Stiffness(sp) Permafzent Prc?po'rtional
subset Deformation(s.D.) subset Limit(sD.) subset
(cN/mm)
Product (um) (cN)
TMA 948(22) 2 177(39) 3 385(80) 3
Titan Moly 1149(8) 3 40(11) 1, 2 816(135) 5
Bendalloy 1132(26) 3 25(5) 1 619(47) 4
BII-CNA 962(7) 2 37(7) 1, 2 276(63) 2
Beta Blue 914(8) 1 54(8) 2 251(48) 1
Titanium
o 987(20) 233(50) 369(54)
Niobium
p-value <0.001 <0.001 <0.001

Means with same subset number indicate same Tukey group and no significant

difference (2~ > .05)

016" x 022" ¢kolof gt 019" x 025" ¢folole] A3} w3 &4 AFE v
wskA, gpojofo] A7) Frbel wEt AL FUFstY wd gAATE Bl
T ANE 4S5 7 ARoH Beta Blued A fele 292 w3 @AAFT

019" x .025" ¢to]ofell A @A 3] “olxlth(Tables 6, 7).



Table 6. Stiffness of .016“ x .022” and .019” x .025"” beta-titanium wires

Product name .016x.022"(S.D.) .019x.025"(S.D.) Difference
TMA 561(4) 948(22) 387
Titan-Moly 599(7) 1149(8) 550
Bendalloy 551(5) 1132(26) 580
BHI-CNA 524(6) 962(7) 438
Beta Blue 643(9) 914(8) 285
Titanium-Niobium 987(20)
Unit: ¢N/mm

Table 7. Flexural Young’s modulus of .016“ x .022” and .019” x .025”

beta-titanium wires

Product name .016x.022"(S.D.) .019x.025"(S.D.)
TMA 69.00(0.49) 61.94(1.44)
Titan-Moly 75.01(0.88) 73.87(0.51)
Bendalloy 69.00(0.63) 71.62(1.65)
BIII-CNA 65.62(0.75) 63.82(0.46)
Beta Blue 82.01(1.14) 62.59(0.55)
Titanium-Niobium 63.45(1.29)

Unit: GPa

38 =3 A A AFoA e AYFS v ggoen, 9olojo AHAA
o] v+ Beta III CNAS #2& ¢loloj= ¢ 2
ghojof= o vh& W& BAtH(Table 8).



Table 8. Deflection at the maximum force limit"

Product name .016x.022"(S.D.) .019x.025"(S.D.) Difference
TMA 1.47(0.02) 1.61(0.09) 0.14
Titan-Moly 1.34(0.02) 1.11(0.02) -0.23
Bendalloy 1.51(0.03) 1.48(0.01) -0.03
BHI-CNA 1.57(0.02) 1.62(0.04) 0.05
Beta Blue 1.16(0.02) 1.10(0.01) -0.06
Titanium-Niobium - 1.25(0.06) --

Unit: mil

*.  Maximum force limit: .016"” x .022"; 7N, .019” x .025"; 12N,

019" x .025" Titanium Niobioum; 9.5N
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Beta Blue ¢}o]o]¢] 7% 016”7 x .022” ¢toloj= ZAA ol Z+e=d, 019" x
025" ¢foloj= HA o] ATk, o] UM AxYo] ofojo] AV|ER T}
279 dAg By Sol extd A wikom FAAC. wE-EEE ool
of dAg el wet HwE Ao AA Z77F @A, AEEe] AVlE
bl wel 24 o] ul® 4 90| Laheurte 50l v/]OH Hug ¥ 9

=4 HEwmS A2dA4 &uide AA T ZF(hexagonal close packed
lattice) & H.ol¥, &4 EElFES 883°C ol oz 714d A9 wetde] 24
T % (body-centered cubic lattice)7} YERIA Ho} =59 EletEol H -
A3t 84S MU A ALoAE WEYY AA FERE ZA HEd,
ole] gk WE-QtA 3t 94ARE EEd(Mo), vtHHE(V), Y21 (Nb), &3t
(Mn), H#Z(Ni), Z5(Cr) 5°] At}

Verstrynge 57 Beta Blue 9¢]o]9] 9ol §39 2 HA Beta CH
HEly Tao=2 7% v 9olof=2A4 3% Al 8% V, 6% Cr, 4% Mo, 4%

¥ Foolgta 9 em, Titanium Niobium <}o]o]+=

45% NbE E3ste Hetw @5 o=A A ve-Hege dFolgta st

2 Ao ALE3 9tolo]E 5 Beta Blue®t Titanium

Niobium< A9l g U #] &olojEL BT 11.5% Mo, 6% Zr, 45% Sn<

Egtel= Beta IIE Elebw ool £tk o]y g 43 5 Mov HE-¢HA

JEE F7HA717] f8 HobE AEoIt. B AT

o= X5 A ¢ TiMolium(TP, LaPorte, USA)o]l thsiA Kusy 5~ 2

Verstrynge £ TiMolium< 6% Al, 4% VS X33}, alpha’d ¥} beta’y

2 s & stm, Beta III% o]yt Beta C¥ HEw Twol

Hal o =2 AAS yedta Baud vp gd o] §Ee nAgE vy-o

SUE 9 dF BHEE JdEHE &3] AHEE = ASTM grade 5 HEE &
=

oz HE-EHEFo] oiyrm F dAFol= EFAINA &Sk

o
ot
N
ol
=L
rlr
i
™
o
a
=2

Zd 9 HEe-gElw ¢olojel TMAE tE HE-gEw ¢o]o] S =] 3|
FoS Byt TMAS ZAA A= T3 A=dgs
otal™ o] TMASY #% M9 (range) ¥ spring-back ratio’} thE& H

o

T
ooy
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B Sfolojo Ml&| EFetrte AS YAlsks Aolgta & 5 9l

o TF¥E e 9lojA TMA, Beta III CNA, Beta Bluedl A& 016 x .022"
stolofell Ml 019" x 025" <kolojell A o FHFFo] ¥ Frhets o
el o}, Titan Moly 9t Bendalloyoll A= 9388 #A4sts Ao e
t}. Titan Moly ¢t Bendalloyd 7d-$-ol= .016” x .022" £}o]ojo] Hls] .019” x
025" 9}olojo A= ZAAo] AR Z(Table 6), .016” x .022" <}o]ofo] Al
IN7EA o] Wl Al el o] el Hls] 019° x .025" efojofelA o 34
A Gl Al 12N7EA 9] W9l AlFelA AdiFor wefwFo] oA
(Table 8) .019” x .025” ¢folojol A 23|78 4
Sl

Titanium Niobium ¢}ole]e] A S-ol= A4 vt wlEl-E ety <bolof g}
FrAbstA A G o] dAs F 54 B, ol A% W9 (range)
9} spring-back rate’} £X @th= AL Tt} o] gfoloj= WAHXE wpF
g @A A multi-braided wireg WA ste] AFE3t7] $18 §E= AUfE
], A XA Titanium Niobium $}olo]7F TMA ¢fo]oj o] 80%< A4S
Adua FEs 2 Ay Aygos 938 A4 o] TMA £folojrt} 39
cN/mm © =& Aoz et} Johnson® Hd 0177 x 025" ¢Fo]o]E A
93k 016% x 022" <fo]ojeo} 0217 x .025" &oloE g oR 3 A Yol A
Titanium Niobium ¢}o]o]7} TMA <felojrtt ¢ & AAES Yepdota 3
glom, Verstrynge 5% 017 x 025" $folojE uigom 3 2gelA
Titanium Niobium $}o]oi7} TMA $folojrtt ¢
ool Bag v vk ol dud AF ZA#E E | Titanium Niobium
sfoloj= A xAte] FANE P TMART 22 A4S 717 Aoz Az
ot oy e =& A4dY F I FS 29T 9 Titanium Niobium ¢
olojof Fx& Foldto] HotE HASH o olFAT LA Gt AL v A
kAl vta AyZtETE ohuk gfolo] & BepAlo| A A ASIA @83 bendistal
plier (Bendistal pliers, Chesterfield, Mo, USA) S0 2 ZF3H& R A¢
ol e M goM B HA JFHFEE 540 A F o goldt

A E3e Rol@ e 3

rlu
]
Ik
)
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o
-
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016" x 022" sfolojgl 019”7 x .025" 9}olole] AL wlwd o, 019" x
025" ¢}oloj= 285cN/mm ~ 580cN/mm7FA| A4S YEdE 0167 x
022" solole] % ) Hw=el 322 914cN/mm ~ 1149cN/mm= A4 o] =
7bete AL B 5 tH(Table 6). ol tws] 2 3ozA 0197 x 025" ¥
El et ofolojolA = Fx YA glo] ffojojo] =FxE& Fojoto] Aot =
o] F A 7] aAk & A 3 o] °F 0.lmm ©]3 FF =FE Foldlo]oryt
IN A% wAg=ds 7} A How AzHr,

=4 HeEEY wBA4AFE  114GPacl ”, HlE-ElEFe BAAFE
72.4GPacl el o] 83 wWEl-ElEtE e BAASFE 284 QxHUolE Y-
e 7] A 7Y aAZ AT vds = Ao, ad Al w2 "lAL
olE YZA-EEg ©@AATY F whel sf@stal, 300449 L iEUolE 2~
glole] =7Fe] g AL 1/30 dgsts Aol b
Alrod® B8t QAo A Imm 9ol 500gf o] & o] 7t d
Aol Frefdor & Aoz AZAHETG. 2 dAFoAes w3 &4 A5 7 62GPa
o 82GPa%] WHE HYP+E=d, Beta Blued A= #3 w©AAS7}
019" x .025" ¢}olojoll ] AA 3| zolx 54 W THTable 7).

2 A5 23 dE-HEg 9olole TRl wet A, Y E, v
of A% ztol7k AR FHY WE-EHEHE ¢olold TMA= & 9+
W FSE Bt WE-HElw ol Ay dvrd oz Aol oA
Y dFolA d7rHdgel @ BAEE Ao Hyp npggaimat!! o =
W A= 0167 x 0227 gholo]e] A 9ol = Beta II-CNAZ}F, 019" x 025" <}

o]o] 9] A %o+ Beta Blue =+ Beta III-CNA7} =& EA S 73t zn &

9
9

1

et
ol

%
(o))
u
i)
L
r°l'

>

°

G AFAAE HE-EHEE  9olofe A Ao wWE stress
relaxation¥ time-dependent deformation®] ta] ZA}sto], AAto] AHE A

aAYe Asdon HAW 5 QeAE 248 o] Mg
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W El-ElElE efolole] FRHo wE AN, d A
A3 ofolojo] we} AAF ol7t A= A
AEE AUt
1. TMA® & 9+ %S moo
2. WE-EElF <oloje FiHol W dF/He AL gojojo A7

wel GebA = A B o, 53] Beta Blue ¢4olo] o] 7 o= o]

ofo] A7 wet = AwrE Ags e
3. Titanium Niobium <¢}o]oj= A @A dAE v

o] &} ALt HA dFWE Fo] F EA
4. Aol oA o FHF o] A2 HE-ElEE ¢olo2= 016" x 022"

ofojo] o] 7 f-o = Beta III-CNA7ZF, .019” x .025" ¢fojojo] 5o+
Beta Blue =% Beta III-CNA7} 39 ¥t}

H B -E] Bl 9} o]
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