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(Comparisons of metal ion release and surface characteristic
between new and recycled orthodontic metal brackets by

sandblast technique)
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Title Comparison of metal ion release and surface analysis between recycled brackets by

sandblasting and new brackets

Abstract

Sandblasting was recently introduced to recycle used orthodontic metal brackets. The study investigated
Nickel and Chromium ion released from recycled brackets by sandblasting and elemental analysis of surface
of bracket base. All samples were 0.018” and 0.022” slot orthodontic metal brackets for premolars (Ormesh®
base, Minidiamond, Ormco Corp.). Groupl were 42 new brackets as control. Group 2 were 42 new brackets
bonded to extracted human premolars and debonded by Lloyd® universal testing machine. The bracket base
was cleaned by sandblaster (Macro Cab, Danville Engineering, Inc.) using 50 IUm Aluminium Oxide. Group
3 comprised of 41 bonded-failure brackets collected from dental clinics and recycled by sandblasting with the
same method. 36 brackets of each group were immersed in plastic bottles containing 15 ml. distilled water
and made into six replicates. The samples were kept in an incubator at 37°C. over a period of 180 days. 8
ml. solution was drawn from each bottle to evaluate for Nickel and Chromium ion released at the time 0 hr..
24 hrs.. 30, 90 and 180 days. The same amount of distilled water was replaced back into the bottles each time
of sample collection. Nickel and Chromium ion release were analyzed by Inductively Coupled Plasma
Atomic Emission Spectrometer (PLASMA-1000, Perkin Elmer Inc.). Elemental analysis at base of the rest of
brackets was carried out by Scanning Electron Microscope with an Energy Dispersive X-ray spectrometer
(EDXs). Kruskal Wallis test indicated highly significant difference of Nickel ion released among the three
groups over the period of 180 days (p<0.001). Nickel ion released from group 2 was greater than the other
groups ( mean = 5.36, 19.53, 23.94, and 39.45 pg/L respectively) Nikel ion released from group 3 was the
least (mean = 0.75. 4.01, 4.88 and 5.27 pg/L respectively).  Nickel released from each group increased over
a period of time. The release of Chromium ion was less than the minimum value that the instrument could
detect (mean < 0.008 pg/L) From elemental analysis, there was no significant difference in metal
composition of the new and recycled brackets except Chromium (p<0.03). The cumulative amounts of Nickel

ion release averaged over the period of 180 days did not exceed the normal daily intake.
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9l 1 uomundes Lioyd® Universal Testing Machine (model LR10 K, Lioyd,
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o Aadj (m) v Adjusted amount of leached element at month m

A (m) Ao Analyzed amount of leached element at month m
ﬁwmsmaavmiﬂszmﬂmm%’ay‘a (Sample Distribution) Liag anuuysdsou (Homogeneity of
Variance)  U0NAZUAI0E1  nagouanuuanaivesdundsveatafldlunswumsaiioihany
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i]'lﬂﬂﬁ“ﬂﬂﬁ@ﬂﬂﬁ‘ﬂﬁ@U"1’06611!‘11631!LﬂmmzIﬂilbﬂhiﬂﬂ?ﬂﬁug{ﬁﬂlﬂ?@ﬁ ICP 9823UUININAA
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AulavzIni (nudi 1), vaznuSaRamhnduulFnideisnsiunse Salsznevdeduuusniia
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= a wva ' = . o 9 aa o o o Vo
fivgalutenlfidans (ngui 2), wusnifaingavasiauluaddniuanssudaily (nguh 3). uusn
=

< Y a va o @ Y9 1y ao ' ey dy o a EY [ 2 a
lﬂﬁWﬁﬁqﬂiu‘ﬂ@ﬂﬂ{]ﬁ@]ﬂ‘]ﬂlagu']ﬂauwji‘vlﬂﬂﬂjﬁn‘ﬁﬂ'ﬁwuﬂi‘]ﬂ nanun FIUTIUAYITAUANR

oA o4 o g aa o @ oy f A a a
(AU 4) uaz uusadaivgeumziauluaddniuanssudaily AlafunuSnagudeaaiaae

a

(AANT 5 WamsneaedmIAsAuTAIMadAEINg suuveIn i I lumswunIwAmIem 1 uay i

adAFvsTaNIveSunna loeauina1n1eg Aam1s1en 2

A15197 1 LAAIAITAMTINT IUIVIa1N 1F UM sHunge

ﬁmﬂs ﬂi‘]‘ll n Mean SD SE 93% Confidence Interval
Lower Upper
nalflumswunsie | nqu2 36 | 37.1667 | 43194 | 0.7199 | 357052 | 38.6281

Hm) nqu 3 36 | 68.5000 | 21.9148 | 3.6525 | 61.0831 | 75.9149
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MINN 2 LaRsmEnAFans sauIvesdsuuiing leoauiing 0, 24 52 1u9, 30 Ju, 90 Fu ez 180 Tu

ngu n SN | dSwaNi | JSunaNi | SN | dSiaNi
- fiodalua | 24 42Tua i 30 3u 7 90 3u i 180 3u
(ng/L) (ng/L) (ng/L) (ng/L) (rg/L)
Agul | 36 | Mean 0.000 4.750 11.1167 19.2778 37.7111
SD 0.000 2.7650 8.6436 12.5770 29.0461
SE 0.000 0.4608 1.4406 2.0962 4.8410
Fecl 1 0.000 3.8145 8.1921 15.0223 27.8833
95% CI (1) 0.000 5.6855 14.0413 23.5332 47.5389
QU2 | 36 | Mean 0.000 5.3611 19.5259 23.9426 39.4463
SD 0.000 1.8294 9.9722 10.2021 18.6695
SE 0.000 0.3049 1.6620 1.7003 3.1116
95%Cl (L) 0.000 4.7421 16.1518 20.4907 33.1294
95% CI (1) 0.000 5.9801 22.9000 27.3945 45.7631
AQu3 | 36 | Mean 0.000 0.7500 40111 4.8815 5.2722
SD 0.000 0.7792 1.4682 1.6542 2.2837
SE 0.000 0.1299 0.2447 0.2757 0.3806
ALl L) 0.000 0.4864 3.5144 43218 4.4993
93% CI (1) 0.000 1.0136 4.5079 5.4412 6.0449
AQu4 | 24 | Mean 0.000 8.2083 23.2528 30.8611 35.3250
SD 0.000 1.0860 4.4930 6.9262 7.3068
SE 0.000 0.2217 0.9171 1.4138 1.4915
93% Cl (L) 0.000 7.7498 21.3555 27.9364 32.2396
95% CI (1) 0.000 8.6669 25.1500 33.7858 38.4104
AQuUS5 | 24 | Mean 0.000 20.2500 55.2167 94.2806 93.2111
SD 0.000 8.3627 14.9232 13.7792 23.9917
SE 0.000 1.7070 3.0462 2.8127 4.8973
5l (L 0.000 16.7187 48.9151 88.4621 83.0803
95% C1 (1) 0.000 23.7813 61.5182 100.0990 103.3419




HON1INANBUAIINTLA1Y (Normal Distribution) ¥83%0yannnqy A10dda Kolmogorov-Smimov

1 = a o v
1Az Shapiro-Wilk test WU toya idumsnszneuuulnd (p <0.001 4ag 0.01 MuHIFL)

nAMsnageuauLlIlIu (Homogeneity of Variance) mm%gannﬂduﬁ’waﬁa Levene Test
wunianuenmavesnNuulsUsivvesSuailina losou a1 90 Ju uaznaildlumswunsie
dmungunanesii 2 uaz 3 ediaiifodity (p < 0.001, uaz 0.05 MWL) NAanIINATEUAINA1IITH

a dyY Y aa o a [ ' dy
T30 RT IRy aRuaDATUNITINASN Adep 11T
msfSeumsunainlylumsnunse

a L4 1 v ‘ 1 1 J oA
1IMsINIITHANuIeNA1reIR IR vouarilFlumsiunsesznienguil 2 wsmns
n:; Y a wva [} [ U { 4 aa [] 1
Tmifingaludesfiamsuazrimmsviunsie) waz nduii 3 @usniiafingaluadinuazsmunsmiu
Y aa . 1 { ' U d' J 1 q'
N316) A9088A Mann-Whitney U Test WU a1 lumswunsisvesnquin 3 wnni1 nqui 2

[

pg19lied ATy (p <0.001) AINITIAN 3

Q13197 3 s uaaINamsseumeunarlunsnunse

ngu DRLTRIY! Mean SD zZ* P
2 36 37.17 | 432 |-5298 | 0.000
3 36 68.50 | 21.91

NATOUAIVADA Mann-Whitney U Test

a a ‘!’ 1 \
m‘mﬂaamﬁm1mmmumalleaaumlaaaaamn 13011139

USmaiiialessundvigniasseenuuilionnar 0 $9lus ladeondimiaTes ICP 1zANID

5013 (ounn 0.008 ppm) TeagUnTiSinumstandass o o et Tunangudiod

= A

A ] @ = 4 ' a aa a
donariull 24 #3lus wamsimswrwud YSwaidifaleseundasveenuinniiga Ao

' { 1 4 < ' 1 A
AU 2 (Mean = 5.3611 pg/L)  5I0ANIAD NGUN 1 (UTNAATHI) (Mean = 4.7500 pgL)  waznquil
YSumiifalesouigniasveonuiimaniosiign  Ae nquil 3 (Mean = 0.4864 ugl) wWan3

SIS 1 HANULANA19vIR N Asveatina lopoudIuadd  Kruskal Wallis Test  wunNiSuimilina

lovouiithososnut uandvesativivddeiades 14 (p < 0.001 ) Tasnguil 2 iRundsnisdassiina
' oA o 4 ° o oA < d 4o > q ¥ 1
ToppunInAIINGUN 1 uag 3 AIN131991 4 dmSunqui 4 uaz 5 Aususninamiinduun 1l
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' @ Qo - =] =) ' aa 1 1
IﬂUﬂ1iwu7ﬁ']ﬂlm$ﬁ?ﬁﬂﬁlﬂﬂﬂ‘ﬂ§']ULL‘UiﬂLﬂﬂ MﬂﬁﬂaaﬂumaVlaaaua’oﬂmmﬂﬂm 3 nQuaan ((Mean =

8.2083, 20.2500 ug/L MUAIAU)

~ =8 =t o aa i 1 I 1 ' 1
AINN 4 GﬂiNLLﬁﬂQNﬁﬂﬁLﬂiUUMU‘UﬂiNWﬂlumavlﬂﬂﬂuﬁﬂaﬂﬂﬂﬁlﬂh"l%1ﬂLL‘U§ﬂLﬂG] ITHINNQUANA

Na1 24 92139, 30 Ju, 90 Tu uag 180 Ju

group N Mean Chi- df | Asymp.sig.
Ranks square*

1 36 70.00 121.252 4 0.000
Ni 24 Hr. 2 36 84.00

3 36 18.50

4 24 114.50

§ 24 137.00

1 36 59.00 111.196 4 0.000
Ni 30 days P 36 89.50

3 36 28.00

4 24 101.00

5 24 144.50

1 36 69.50 | 114.718 4 0.000
Ni 90 days 2 36 84.50

3 36 22.50

4 24 101.00

5 24 144.50

1 36 82.50 104.190 4 0.000
Ni180 days 2 36 87.50

3 36 20.50

4 24 86.00

5 24 138.50

* NAAOUAIADA  Kruskal Wallis Test
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AWARL) J89RTAD ﬂq'm“i 1 (usninalna) (Mean = 11.1167, 19.2778, wag 37.711 pg/L AWd 161 )
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s

"o
%0 ,/" ———
'//’

L - |
» /f —— n(a 1 (n=36)
80 / ngu 2 (n=36)
» 7 - nejx 3 (n=36)
] ,,/ “ng 4 (n=36) |
» /1' 3 -7/

- ~*= ng 5 (n=36)
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913199 5

1 aa a a aa o o a
LlﬁﬂQﬂWﬁﬂﬂL“ﬁQWiimu’]‘llf)ﬁﬂiu?mﬁ‘l@]umﬁ Iﬂﬁlﬁﬂil wan taguae N0ﬂ1ﬁﬁ ﬁ]']ﬂﬂ‘]'i?&ﬂﬁ'wﬁ

#rundesganssei BlaanseudoInsIA

Ni Cr Fe Mn
Grl Mean 11.3067 19.7350 65.9150 1.5150
(n=6) SD 0.5440 0.1366 1.9521 1.4944
SE 0.2221 0.3346 0.7970 0.6101
95% CI(L) 10.7358 19.3839 63.8664 -5.33E-02
95% CI (U) 11.8775 20.0861 67.9636 3.0833
Gr2 Mean 10.7733 19.0883 56.4067 0.8517
(n=6) SD 0.6124 0.4995 22.3820 0.5221
SE 0.2500 0.2039 9.1374 0.2132
95% CI(L) 10.1306 18.5641 32.9182 0.3037
95% CI(U) 11.4160 19.6125 79.8951 1.3996
Gr3 Mean 7.5940 12.9320 44.8520 0.8560
(n=3) SD 4.6449 7.9598 27.7559 0.53778
SE 2.0773 3.5597 12.4128 0.2584
95% CI(L) 1.8266 3.0487 10.3884 0.1385
95% CI(U) 13.3614 22.8153 79.3156 1.5735
Gr4 Mean 7.8550 18.1350 71.3600 0.8350
(n=2) SD 4.9710 2.0860 7.6368 0.1768
SE 3.5150 1.4750 5.4000 0.1250
95% CI(L) -36.8073 -0.6067 2.7465 -0.7533
95% CI (U) 52.5173 36.8767 139.9735 24233
Gr5 Mean 7.9650 18.1800 70.8100 0.8750
(n=2) SD 4.9568 1.2304 6.7882 0.6718
SE 3.5050 0.8700 4.8000 0.4750
95% CI(L) -36.5702 7.1256 9.83202 -3.0416
95% CI (U) 52.5002 29.2344 131.7998 6.9104
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o = a a ¢ o aa o '
AT NN 6 ﬂ15’1\7“?(9"]QNaﬂ‘lﬁlﬂiﬂu&ﬂﬂﬂﬂ’ﬁﬁmi‘lzﬂﬂﬂﬂﬂixﬂﬂﬂﬁ’“ﬂ HUING Iﬂﬂﬁﬂil HAZIMANIE I IN

[ o v ' 2 ao [ EY (]
nauuusmna v wazngquuusmfaminduunldlmg

group N Mean Chi- df | Asymp.sig.
Ranks square*

1 6 15.00 4.457 4 0.348
Ni 2 6 10.42
3 5 7.30
4 2 9.50
5 2 11.50

1 6 17.67 11.581 4 0.021
Cr 2 6 10.50
3 3 5.80
4 2 10.00
S 2 6.50

i 1 6 12.67 5.598 4 0.231
l Fe 2 6 10.33
% 3 5 6.20
| 4 2 15.50
| 5 ! 15.50

¥ ﬂﬂﬁ@‘ﬂﬁlwﬂaa Kruskal-Wallis Test
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P Y - aa ° ' v oA
N6 uansdnuaizguveausnifiaingalundtinuosinnwunsie (nguii 3)

vinndesganssmi dianaseudesnsm(midaveme x35 uag x200)
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