
- 1 -

d i li l h d i h iDegradation of lingual orthodontics archwires
The effect of corrosion and nickel release on their properties

Carlos Suárez Martínez

Directors

Dr. María Teresa Vilar Martínez (UB)
Dr. Francesc Xavier Gil Mur (UPC)

Department of Odontostomatology
PhD Program: Clinical Techniques in Odontostomatology (2003-2005)

Faculty of Dentistry. University of Barcelona
4th of December 2007





- 85 -

-800

-600

-400

-200

0

200

400

Respond D-rect ss 0,016 ss 0,016x0,022 NiTi CuNiTi TMA

Archwires

Po
te

nt
ia

l (
m

V) 1
2
3
4
5

OCP averages

-600

-500

-400

-300

-200

-100

0

100

1

Archwires

Po
te

nt
ia

l (
m

V)

Respond
D-Rect
ss 0,016
ss 0,016x0,022
NiTi
CuNiTi
TMA

1 2 3 4 5 average (mV)
Respond -350 -450,87 -563,56 -454,81
D-Rect 90,94 -125,87 -492,37 -715,62 -310,73
ss 0,016 -423,25 -578,56 -573,56 -525,12
ss 0,016x0,022 -92,56 -332,87 -397,12 -403 -306,38
NiTi 193,5 269 -239,62 270,25 -261,31 46,36
CuNiTi 123,32 -102,75 -248,75 -76,06
TMA 174,25 -166,5 -286,81 -93,02

Table 4

Graph 9

Graph 10
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OCP D-Rect

-1200

-1000

-800

-600

-400

-200

0

200

0 20 40 60 80 100 120 140 160 180

Time (min)

Po
te

nt
ia

l (
m

V)
Graph 12 OCP D-Rect

-1000

-800

-600

-400

-200

0

200

400

0 20 40 60 80 100 120 140 160 180

T ime ( min)

Graph 12
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OCP ss 0,016
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OCP NiTi
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OCP CuNiTi
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OCP TMA
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Sample RMS (micrometers) Difference to mean Squared Difference to mean RMS (micrometers) Difference to mean Squared Difference to mean
1 0,012 -0,007563 5,7199E-05 0,02435 -0,003345 1,1189E-05
2 0,02325 0,003687 1,3594E-05 0,0309 0,003205 1,0272E-05
3 0,0214 0,001837 3,37457E-06 0,03612 0,008425 7,09806E-05
4 0,02321 0,003647 1,33006E-05 0,02608 -0,001615 2,60823E-06
5 0,0258 0,006237 3,89002E-05 0,02975 0,002055 4,22302E-06
6 0,01341 -0,006153 3,78594E-05 0,0216 -0,006095 3,7149E-05
7 0,01848 -0,001083 1,17289E-06 0,02038 -0,007315 5,35092E-05
8 0,02396 0,004397 1,93336E-05 0,03173 0,004035 1,62812E-05
9 0,01852 -0,001043 1,08785E-06 0,02656 -0,001135 1,28823E-06

10 0,0156 -0,003963 1,57054E-05 0,02948 0,001785 3,18622E-06

N 10 10
Mean 0,019563 0,027695
Sum of Squares 0,000201527 0,000210687

Difference of means 0,008132

Estimated source variance 2,29008E-05
Standard deviation 0,001595159

t ratio 5,097924173
degrees of freedom 18

As-received Immersed

Sample RMS (micrometers) Difference to mean Squared Difference to mean RMS (micrometers) Difference to mean Squared Difference to mean
1 0,00869 -0,001875 3,51563E-06 0,01671 -0,007992 6,38721E-05
2 0,00828 -0,002285 5,22123E-06 0,01861 -0,006092 3,71125E-05
3 0,01334 0,002775 7,70063E-06 0,02813 0,003428 1,17512E-05
4 0,0107 0,000135 1,8225E-08 0,03555 0,010848 0,000117679
5 0,0155 0,004935 2,43542E-05 0,08222 0,057518 0,00330832
6 0,01221 0,001645 2,70603E-06 0,01195 -0,012752 0,000162614
7 0,00892 -0,001645 2,70603E-06 0,01325 -0,011452 0,000131148
8 0,0081 -0,002465 6,07623E-06 0,00806 -0,016642 0,000276956
9 0,00731 -0,003255 1,0595E-05 0,02345 -0,001252 1,5675E-06

10 0,0126 0,002035 4,14123E-06 0,00909 -0,015612 0,000243735

N 10 10
Mean 0,010565 0,024702
Sum of squares 6,70345E-05 0,004354755

Difference of means 0,004287721

Estimated source variance 0,000245655
Standard deviation 0,005224461

t ratio 2,70592483
degrees of freedom 18

As-received Immersed

blTable 6. D-Rect

bl dTable 5. Respond
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Sample RMS (micrometers) Difference to mean Squared Difference to mean RMS (micrometers) Difference to mean Squared Difference to mean
1 0,00518 2,4E-05 5,76E-10 0,00742 -0,00086 7,396E-07
2 0,00389 -0,001266 1,60276E-06 0,01309 0,00481 2,31361E-05
3 0,00525 9,4E-05 8,836E-09 0,00419 -0,00409 1,67281E-05
4 0,00505 -0,000106 1,1236E-08 0,00696 -0,00132 1,7424E-06
5 0,0063 0,001144 1,30874E-06 0,00474 -0,00354 1,25316E-05
6 0,00698 0,001824 3,32698E-06 0,0056 -0,00268 7,1824E-06
7 0,00475 -0,000406 1,64836E-07 0,01237 0,00409 1,67281E-05
8 0,00475 -0,000406 1,64836E-07 0,0063 -0,00198 3,9204E-06
9 0,00496 -0,000196 3,8416E-08 0,01354 0,00526 2,76676E-05

10 0,00445 -0,000706 4,98436E-07 0,00859 0,00031 9,61E-08

N 10 10
Mean 0,005156 0,00828
Sum of Squares 7,12564E-06 0,000110472

Difference of means 0,000103347

Estimated source variance 6,53322E-06
Standard deviation 0,000852006

t ratio 3,666641848
degrees of freedom 18

As-received Immersed

Sample RMS (micrometers) Difference to mean Squared Difference to mean RMS (micrometers) Difference to mean Squared Difference to mean
1 0,00479 6,5E-05 4,225E-09 0,00923 -0,0033 0,00001089
2 0,00617 0,001445 2,08803E-06 0,01168 -0,00085 7,225E-07
3 0,00531 0,000585 3,42225E-07 0,01355 0,00102 1,0404E-06
4 0,00375 -0,000975 9,50625E-07 0,02365 0,01112 0,000123654
5 0,00452 -0,000205 4,2025E-08 0,01248 -5E-05 2,5E-09
6 0,00594 0,001215 1,47623E-06 0,00809 -0,00444 1,97136E-05
7 0,00464 -8,5E-05 7,225E-09 0,01709 0,00456 2,07936E-05
8 0,00425 -0,000475 2,25625E-07 0,01071 -0,00182 3,3124E-06
9 0,00375 -0,000975 9,50625E-07 0,01216 -0,00037 1,369E-07

10 0,00413 -0,000595 3,54025E-07 0,00666 -0,00587 3,44569E-05

N 10 10
Mean 0,004725 0,01253
Sum of Squares 6,44085E-06 0,000214723

Difference of means 0,000208282

Estimated source variance 1,22869E-05
Standard deviation 0,001168422

t ratio 6,679949013
degrees of freedom 18

As-received Immersed

blTable 7. SS 0.016

blTable 8. SS 0.016x0.022



Sample RMS (micrometers) Difference to mean Squared Difference to mean RMS (micrometers) Difference to mean Squared Difference to mean
1 0,02536 0,004129 1,70486E-05 0,0163 -0,025673 0,000659103
2 0,02101 -0,000221 4,8841E-08 0,05072 0,008747 7,651E-05
3 0,01394 -0,007291 5,31587E-05 0,09161 0,049637 0,002463832
4 0,02806 0,006829 4,66352E-05 0,03871 -0,003263 1,06472E-05
5 0,02066 -0,000571 3,26041E-07 0,01092 -0,031053 0,000964289
6 0,02795 0,006719 4,5145E-05 0,05272 0,010747 0,000115498
7 0,01631 -0,004921 2,42162E-05 0,05507 0,013097 0,000171531
8 0,02492 0,003689 1,36087E-05 0,05057 0,008597 7,39084E-05
9 0,01643 -0,004801 2,30496E-05 0,02923 -0,012743 0,000162384

10 0,01767 -0,003561 1,26807E-05 0,02388 -0,018093 0,000327357

N 10 10
Mean 0,021231 0,041973
Sum of Squares 0,000235918 0,005025059

Difference of means 0,004789142

Estimated source variance 0,000292276
Standard deviation 0,005698699

t ratio 3,63977837
degrees of freedom 18

As-received Immersed

Sample RMS (micrometers) Difference to mean Squared Difference to mean RMS (micrometers) Difference to mean Squared Difference to mean
1 0,01978 9,6E-05 9,216E-09 0,02109 0,000532 2,83024E-07
2 0,00986 -0,009824 9,6511E-05 0,01712 -0,003438 1,18198E-05
3 0,01889 -0,000794 6,30436E-07 0,01923 -0,001328 1,76358E-06
4 0,01305 -0,006634 4,401E-05 0,01766 -0,002898 8,3984E-06
5 0,02062 0,000936 8,76096E-07 0,02221 0,001652 2,7291E-06
6 0,02567 0,005986 3,58322E-05 0,0225 0,001942 3,77136E-06
7 0,02596 0,006276 3,93882E-05 0,03112 0,010562 0,000111556
8 0,02153 0,001846 3,40772E-06 0,0167 -0,003858 1,48842E-05
9 0,02011 0,000426 1,81476E-07 0,02206 0,001502 2,256E-06

10 0,02137 0,001686 2,8426E-06 0,01589 -0,004668 2,17902E-05

N 10 10
Mean 0,019684 0,020558
Sum of Squares 0,000223689 0,000179252

Difference of means -4,44373E-05

Estimated source variance 2,23856E-05
Standard deviation 0,001577113

t ratio 0,554177046
degrees of freedom 18

As-received Immersed

bl i iTable 9. NiTi

bl i iTable 10. CuNiTi
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Section (inches) Section (mm) Archwire length (mm) Archwire surface (mm2)
Respond 0.0175 0,4445 150 209,4628463
D-Rect 0.016x0.022 0,4064x0,5588 150 289,56
SS 0.016 0,4064 150 191,508888
SS 0.016x0.022 0,4064x0,5588 154 297,2816
NiTi (u) 0.016 0,4064 103 131,5027698
NiTi(l) 0.016 0,4064 97 123,8424142
CuNiTi (u) 0.017x0.017 0,4318x0,4318 126 217,6272
CuNiTi (l) 0.017x0.017 0,4318x0,4318 120 207,264

blTable 11



Archwires in vial Total archwire surface (mm2)
Respond 2 418,92
D-Rect 2 579,12
0.016 2 383
0.016x0.022 2 594,5632
NiTi 2(u)+2(l) 510,68
CuNiTi 2(u)+2(l) 849,76

Days Respond D-Rect ss 0,016 ss 0,016x0,022 NiTi CuNiTi
0 0 0 0 0 0 0
7 0,001368567 0,000876848 0,001758225 0,001248177 0,001218767 0,000871917

14 0,000506541 0,000213773 0,001228721 0,000987481 0,000379024 0,000783892
30 0,000290843 0,000212046 0,000633629 0,00043299 0,000438631 7,63039E-05

Weekly measurements Ni release (ng/mm2)

Weekly release  (ng/mm2)
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Days Respond D-Rect ss 0,016 ss 0,016 x 0,022 NiTi CuNiTi
0 0 0 0 0 0 0
7 0,00136857 0,000876848 0,00175822 0,001248177 0,00121877 0,00087192

14 0,00187511 0,00109062 0,00298695 0,002235658 0,00159779 0,00165581
30 0,00216595 0,001302666 0,00362057 0,002668648 0,00203642 0,00173211

Accumulated Ni release values (ng/mm2)

Accumulated Ni release (ng/mm2)
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hGraph 27

hGraph 28

hGraph 29



hGraph 30

hGraph 31
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hGraph 33

hGraph 34

hGraph 35



hGraph 36

hGraph 37

hGraph 38
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hGraph 39

hGraph 40



as-received 30 day immersed polarized as-received 30 day immersed polarized
As -41,1 -38,26 -27,94 -29,04 -18,56 -21,67
Af 34,3 40,25 40,99 49,1 38,97 36,93
Rs (M) 31,77 37,67 31,77
Rf (M) -19,2 -19,46 -19,83
Ms -56,27 -61,48 -66,02 28,83 21,15 26,25
Mf -34,57 -36,01 -36,41

NiTi CuNiTi

as-received 30 day immersed polarized as-received 30 day immersed polarized
As -14,7 -15,29 -13,75 6,18 9,5 4,95
Af 17,22 17,27 18,2 32,17 32,96 31,5
Rs (M) 11,17 11,23 13,36
Rf (M) -0,16 -1,32 1,52
Ms -63,42 -69,12 -65,68 14,72 13,27 13,67
Mf -105,13 ? ? -14,07 -13,81 -15,56

NiTi CuNiTi

blTable 15

blTable 16


