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SUMMARY

Orthodontic bands are retained on the crowns of teeth by
the [uting action of the cement, Sﬁudles by several work-
ers have emonstrated the inability of zinc phosphate
cements to J)ro uce an er ectlve marginal seal and have
shown mlc oIeaka e to occur along the walls of cavities
restored with zinc os hate cemens leference s In the
coefﬁments(nfte ganswn between enamel, dental
cements ang stainless steel suggest that temgerature varl-
ations would Increase t e mlcroleakag I (11 the en-
amellcement/steel |nter aces Preform d stainless steel
ands were emente with a os[p ecement fo
tecrownso 60 extracte max ar cen ra |n ISor eeth
ntkjs ecimens were su Jecte to ] ces -
perat 5 anges ranglng betWeen 6and 10°C w |e
contro sﬁeem ens were retained at room tem erature
0 specimens were then immersed In col-
|daI raphqte embedde In resm and the crovvns Sec-
tloned In" the sagifta Bane The cut sur &a %were
Pohs hed, moynted' in D ondassmdesa
0 MICOSCOpIC examlnau? e results owe
fhere was no significant difference n the extent of the
fects. observed™ between the experimental and control
specimens at the bandlcementltooth mterfaces For the
fotal sample, however, there was a significantly greater
frequency of severe defects occurring-alopg the Palatal
m%er%‘ace compared with those occuring along the lanial
Interfaces.

In a lecture to the Amencan Society of Orthodontlsts ||
1908, Ames explained that the adhesion of o
Bhate cements” resulted from mecpamca b fd
f the cehment to the Irregularities on the tooth surface
Althoygh 1m rovenl(ents In_cement _composition an
manu actw ave taken glace since then, Ames’ expla
nation still remains valid today.

In spite of the possibility of enhanced retentlon result
Ing “from  the chemlcal adh eilon of Ipo g/car OXY
cements to enamel and stainless steel (Smit 3

data from clinical studies (Clark, Philli and Norma
19/7; Mrpzrah? 1977 a,b; (19795 ancr loi)oratory stud]y

OPSOMMING

Semente hou ortodonsiebande op tandkrone deur
Hn del van énegamese hegnn vas. Ver ked F ?rse
et etoop at sinkfosfaatse ente nig 17 doeltreffende
randseel lewer nie en dat mlkro ekkasie rondom sinfos-
f atsementherstelhn S voor om. D|t kan verwag word

at femper tuur melin mlk olekkasle tangs gIa
suurls e ent staa tussenvla ei verer er, We nsg
VErsKi soeff|5|e e van nierdie

lende termiese unsettlng
drie materiale. Voorafvervaardigde vle vrge staal orto-

donsiehande Is aan die krone van 60 verwyderde maksil-
ere sentrale snytande met sinkfo afaat sement 8ese en-
eer ertlg nsters |s aan 13 000 tanvﬁrat urskom-
meJings tussen 6 C onderwerp te 3/ die 30 kon
troles amertemPeratuur (20°C) bew ar 1s. Dig 60
monsters Is daarna In kolloidale gr fletg ompel, in
hars Ingebed en vervoI ens |s die kron i?ltaal deur-
desng |esn|tva< els epoleer, gd(a eyles emn-
eer &n daarna mikroskopies ondersoek. Di resu ate het
gﬁen etekenllsvolle verskil tyssen die kontrol e% en dle
speri Fnteemonsers In | mvang van, eete Iy
dle bandlsement/tan tussenva eget on nie. Veelvy
dige groot defekte het egter veel meer dikwels by die tin-
guEIe tussenvlakke as by die labiate tussenviakke voor-
gekom.

Mizrahi, Cleaton-Jones and Austin. 1981) suggested
Err]]g}]tsasﬂngth zinc phosphate and 3|||co h)os hga(ie ce-

cement res tajor retentlve acétlolutlnéf d ﬁgil:l 08( %e
cement, ratlher than éhepm caf adnesion

The lnainh fzm(iW eP osphate cements to achieve a
(rparglna s (Lon%t ent?toot Interface has beeg

emonstrated num er Of Workers. (Massler an
strovsX %54 Parris, Kapsimalis and Summit, .1
Swartz and Phillips, 1961; Phillips et al, 1961 Trai and

ausen, 196j§”é)lose sgrutln of thgse StLtJdleS s’wow

that accurately prepa ties and care
restorations erg ge fortﬁe evaluation ofmlgrd) |eak-
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age at varrous interfaces. In contrast to this r%recrse
P sical arrangemen the orthodontic band cemented
0 the crown of a toot rsgcom aratrveyrnaceurate ar-
ran ment. O{ ntic band materia Vb)ossesses Vary-
g e?reeso flexi rIrt an exhrbrts ork hardenr%
?harac eristics. It Is adapted with aa hand Instrument t
It an Irre uIarIy shaped. crown n the ban? IS retained
by a luting cement required to fill an irreqular space ex-

Pnosed to the oral fluids at both the cervical and incisal
argins.

If one acc h)ts that mrcr%Ieakagfe does occtrr at the
ccmcnt toot rnter ace in the car uII}/ controlled resto
rative sr uation, then it is r a ona et ssum that

rﬂrcroea 0e rseven more Y occur% gteor
thodonti Zrand cement/t ri erEaces Schroéder cl ul
61974) show that eneath ortho ontic

ands was related. to some extgnt to the type of cemen
usebj rf to the different methods used fi gf) the remova
%f excess cement. |n 1952 Nelson, W?Icott and Paffen-
arger fsu%;ested that mar rnalb ? ation was caused
by d differénce In the coefficient of thermal expansion
between the dental tissues and restoratrve aterrals
and by the thermal expansion of fluids occugg/ %
Crevice between tooth” and reétoratron Subsequ nt
many wor ers have Investigated the effects of te >P
ture”ch an es when_carrying out microleak age experl-
ments. GUzmap, Swartz ang Phillips (1969). investi-
ated the margrna Leaka%e of restorations iutyecte dto
erma stress-an that the marginal adaptation
ofas rcat)ec ment an two restoratrve resins were not
Impaired flt ermal stress. The data from their studies
did not ref ecft the di Jffetrences In coeffjcients qf thermal
expansion of the rent restorative resins. In a
review of JQG method oobres used In mrfrole kage
studies, Kidd, (1976) reported that the results of tefh-
gerature C cIrng experiments have, almost rnvarrabl¥
hown increased [eakage after subjecting specimens 10
thermal treatment Invrew of the position of the ortho-
dontic ban on the tot surface, as well as the vari-
atrt%ns rg the ph ysrca aracterr?trcs otfhthe comp onents
of the hand/cemen interfa ecemen
thodontrcrbantef shoulr? %e suscep t%ﬁe {0 increase qeak
age resultrn% from thermal stresses within the oral envi-
ronment. This study was undertaken to determine the
effect of thermal stress on the Integrity of the orthodon-
tic band/cement/tooth Interface.

MATERIALS AND METHODS

ertg extracted human maxillary central in rsor teeth
were cleaned with pumice and water, stored In deion-
1zed water at room tem erature and ta t? ed wrth serial
numbers. Hard, wide reformed stain ss steel bfands
§Unrtek)* wrth nalatal and I?bra seating lugs were fitted
d%dapted to the crown of each tootfi. Using random
number tables to control the sequence, bands were
cemented to the teeth usrng the same standard)zed pro-

%K/?r%rr%harnd mobntrng jig a3 described in a earlier stuay

From thr groub 30 specimens were randonl¥ selecterf

5 CONITDl K kegt at room temperature, The Seria
numbers of 31 nto and expr{rrmenta[ Speciens
were recorde yat ird party. The remaining 30 cx-

*  Unitek Corporation 2724. South Peek Ril. Monrovia. California. U S A

Er erjimental s b ns were ub cted to_ ther
cqrnwa aths ranging G to 70X
e for specimens rn eac water bathwaslS%*
%e After ¢ m pletign of 130000 the control
experimen

contairer of ¢ 3 oré eé:r?r?fqistew%eAE 50%* etgerr

shaken for VV/I h, S B astnrrnse
water, surfaee rreE H gmcbe rpe In high clarity 21%
ester resin Iocs When po ymerrzed te esr

containing, toot crowns and cemented an S were
mounted “in a low Sffeef section machrne***a ﬁc
tione n the sag;lrtta< 1pane usrn? a water cooled dla-
mond disc. Trc or examination was detache
transverse cut ﬁt the neck of the tooth. The cut surface
vr]asten polished usrng a water cooled golrshrn M

cnine**** with 600 grit Silicon carbide waterproo
discs. The drrectr?n of the ?brasrve action of th
Was fr%m cervical to rncrg In order to remove the
metal bur from the cut edge of the steel orthodontic
hand that_could be ohscurin the band cement/tooth rn
terface The specimen ws

mounting medium, seated on agTass s“Od% an(f acom
slip placed over the cut surfacg (Fig. 1

Ifg 1. Cut specimen mounted in DPX.

The mountrng meder Was frllowed to set and. te
specimens were randomly se ected for examrnatron

he cut. surface was examrn with a binocular.m
cope Using Incident light at 40x ma nrh)catron a'fre%
[ccment/tooth rnterfaces on h the palatal fand atagi
surfaces were examrng for t e presence of col

graphrte and visible defects

Figs ).
Using an eyepiece wit éra?rculze scale, the toial

en th fthe rn rface wa re orded and the lenth of
e[ec so recorded. The extent o[ the
alcu erce tage of t taI
ot ra

rnte[ ace or alatal and 8 frces
rately. Twenty specrm ns were random| y selecte

* DACi — Achcson (ollouls 1til. I'tiniT Roek [I'miumiili. Devon. | k
% |sonut — Buchler. I vanston. Illinois. USA
ok Kent Mark Il I'nps Ltil. Maiilstonc. I.nelaml
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Thermal cycling and orthodontic band

Fig. 2: Band/cement/tooth interfaces showing the presence of a defect between the band and the cement (see arrow) along
the palatal surface A and the absence Of any defect along the labial surface B. Original magnification x4).

reexamined to test for exa |ne[ re|l?bl|lt . A different
?ro %of 20 s%emmens, randomly selected were exam-
ned. e}seco d examiner In order to_test the reproqu
cihility o th? scoHn\%t chnique.. The Student’st test for
palrF ia[)np es showed no S|§n|f|can& difference ?t the
01 level between the IBSt nd second evaluation .(fr 0
specimens reexamiped by the same Exammer. Simi ar)(
there was no 3|gn| |aagt le ference petween the exten
0 the,Pefects récorged for 20 specimens examined by
two different examiners.

RESULTS

The extent of the defects were calculated for both the
labial and palatal aspects of all the specimens, thT_ seria
numboers were then checked agamst the o_ngm_al_ Ist and
the control and experimental Specimens idéntitied. The
mean extent of the defects expressed as a percentage of
the Jength of tl}e Interfaces are glven in Table 1."The
Student's t T[est or Independent samples ?howed no 3|g-
nificant differences between the means for the control
and experimental Ig|rc_)u S.0n ejtner the labial or palatal
surfaces. As the reliability of this fest maa/_ be ﬂu_es-
tioned on the grounds of a’possible skewed distribution
f the data, furtnertstsw e caJ_rleéi ut on frequenc
Istriputions. The dafa w r? Ivide ,méo 4 group
ased on the extent of the defect, that is, defect

cent and 76 to 100 per ce,?I.T eC -3ﬂuare test showed
}hat there were no signi |ce1nt ddffere Cﬁs between the
re%uenmes of experimental and control specimens In
g&gfacoefs the four groups for both tne fanial and palatal

Examination of the frequencg_distribution for defects
occuring on thg palatal and. labial Interfaces of the tPtaI
sample showed an Interesting pattern FFlg. 3). Only 9

rang-
Ing from 00 25 per cent, 26 OSOﬁer cent, 5l to 75 pér-

bkjutx<

0-25 26. 50 51-75 76-100

°lo ot ctefect

kg 2 A frequencz/ distribution based on the extent of defects occur-
ring along the labial and palatal surfaces.

Table I: The extent of the defects occurring in the control and, ex-
pnetrewggetal specimens, calculated as a percenitage of the length of the
| .

Experimental
(Thermal Cycled)

Labial Palatal Labial Palatal
Mean 2SA)2 62/04 23/02 8%5
ST). 37,0 378 335 288

Control Group

specimens showed defects ranging from 0to 25 Percent
on the a'ﬁkﬁ ,surfaﬁe, while oh_the,h@blal surface, 38
specimens Tell_into this group. This ditrerence was stﬁt-
Istically signiticant (E< %1 At the other ?nd of the
range 41 specimens Showed defects ranging from 76 to
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100 er cent on the palatal surface while for the labjal
Eur e, onI gpecrmens fell Jno |s grouQﬁThrsdrf

ce' wa ain statrst ca ant
an§ Wthe ecsa eare y

[cement mter ace ra er than at the toot ?cegment
Interface.

DISCUSSION

The results of this study showed that, within the para-
gters of the expeyrme tal rtrrocedure thertmahl cyclin dg
not si nf]frcant ect the Integrity of t
cment/tot Interfaces.

A feature of thrs study Was the oross nature of the de-
fects, artrcu]lar ny onthe palatal surface. Tlhrs Was In
contrast to the more. microscopic nature of the lea de
defects noted. in studies on restorative materials whe
dyes and radioactive isotopes are used to assess leak-
?e This feature had become apparent in earlier pilot
studies and it was for this reason that a particulate
medium such as colloidal graphite was used as.an ad-
junct to delineate the defects, rather than a liquid dye.

The maxillary central incisor tooth was specificall
ch%sen% hry stud |n order to ? wevaf ation o(f hy
behaviour 0 tebn ccmcg ooth interface on both
the convex abial surface and the concave palatal sur-
ace hefeI uencyvdtstrtbutton of the defects shown In
% 3 clearly snows the greater susce tibility of the
co haV% f Jaa surface to the devel ?g ent 0 defects
E N eement Interf a%e This ature Was prob-
y]the result o the stee| band material pullin away
from the cement after the band was seated on the
crown. Sta nless steel hand gn t]erral docs Ve certal
E]prrneg %ua |t|es which_arc further enh ance wor
deni g It 15 conceivable, therefore, that when the
band is seated on the tooth and pressure is applied, with
han mstruments In order to adapt the bana material as
close ry as possible to the contours of the crown stresses
are introduced Into the metal: the gradual rel ea%
these stresses may result in the pullin and
material from the set cement.

In the study by Schrocder cl al (1974) where premolar
teetﬂ wereyusgd tnere was nod fergnce bet\Rreen the
enetratron of Cabon the convex buccal (32 per cent)

ingual ?33 per cent) surfaces, while there was
r[;reater enetration on the flatter Froxrmal %urf ces (33
0 40 g r cent). This Vﬁrratron related to the sha Qe of
the tooth surface was shown to an even greater extent
In the present study.

The loresence of defects heneath the othodgnttri band is

clinical si mftcance with regard to the development
of enamel. demin arzatron urrnq orthodontic éreat-
ment. While the defect remarns between the band and
the cement, the enamel |s, to a certan extent Bro
tﬁcted Once tt}e cement Iayer reakB down, owe

away of the

eename surface b era gto enfarﬂ
mm]er ization. Mizrahi 2:1981 owed. that owrﬂg
orthogontic treatment, there 'was an increase in t

revae ce Q enamel demineralization orir the | mgtha
ird of maxillar Hcrsor eeth, Overte ?s t

conventiona ort ogontic bands, partrcu ary on axr

Iary mctsor teeth, ave gradually been replaced

rectly onded rackets usm the acid edfh techr]tque

The clmrca problems related to the band/cemcent/tooth

interface as indicated in this study] arc obviated by the
use ofdrrectl nonded brackets eystrll re arn ertr
hOWeVEr, In cases where c]on enérona S are
str commony used on premolar and molar teeth

CONCLUSIONS

Within the e é)enmental parameters of thrs study the
results showed that thermal cycling from 6°C to 70°C
did not significantly affect the integrity of the orthodon
ttc ban ccma #/tooth hnterface as” asse sed bX thg
ieat 0 tF ects at t hnterfaceso e labigl
al surfaces. However, t %s study did show a signifi-
ant greater reguen&y severe defects on” the

Pala al surface compare ywth the labial surface of max-
llary central incisor teet
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