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The trend in orthodontics, as in
other spheres of human activity, is to
simplify technical procedures so the
objective can be achieved with a mini-
mum of effort. The bonding of ortho-
dontic attachments directly to etched
enamel surfaces is an example of the
clinical application of a simplified pro-
cedure. The direct bonding technique
has distinct advantages over the con-
ventional method of cementing pre-
formed bands to teeth.!

Sadler* tested nine commercial ad-
hesives to determine the possibility of
bonding metal attachments directly to
tooth surfaces. None of the adhesives
evaluated were capable of bonding
metal attachments directly to the teeth
with a stability required for clinical
orthodontics. Buonocore® introduced
the concept of acid etching with ortho-
phosphoric acid which involved the al-
teration of the tooth surface by chemi-
cal treatment to provide a modified sur-
face to which dental resins might ad-
here. A cyanoacrylate resin,* epoxy res-
ins®®* and acrylic resins®9'° were used
in conjunction with phosphoric acid
etching to bond orthodontic attach-
ments directly to tooth surfaces.

The synthesis of the bis-=GMA resins
by Bowen'! and the subsequent devel-
opment of the composite restorative res-
ins based on this matrix made the di-
rect bonding of orthodontic attach-
ments an acceptable clinical procedure.
Curing of these filled or unfilled bis-
GMA resins is carried out either chemi-
cally with benzoyl peroxide-tertiary
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amine or by irradiation with short
wave length ultraviolet light. Numer-
ous reports on the retention rates of
bonded attachments have appeared in
the literature.*/1012-20

With modifications of the acid etch
technique and improvements of the
physical and mechanical properties of
the resin systems, the removal of di-
rectly bonded attachments and the fin-
ishing of the underlying enamel have
become an acute clinical problem.
Whereas previously a major considera-
tion was the retention of bonded at-
tachments, the emphasis has.- recently
shifted to the debonding of orthodontic
attachments and the removal of resid-
ual resin from tooth surfaces.?*%

The object of this investigation was
to evaluate the efficacy of recently in-
troduced instrumentation and tech-
niques to dislodge bonded attachments,
remove residual resin, and restore the
affected enamel surfaces to an accept-
able clinical condition.

MATERIALS AND METHODS

Noncarious human maxillary central
incisor teeth which were extracted be-
cause of severe periodontal disease
were used in this investigation. The ex-
tracted teeth were stored in 70 percent
ethanol prior to use. Mesh-backed
stainless steel brackets were bonded to
the facial surfaces of the teeth with
Dynabond Adhesive System. The bond-
ing system consisted of a bis-GMA resin -
with a low filler content, a low viscosity
sealant, and 37 percent w/w orthophos-
phioric acid.

The crowns of 38 teeth were cleaned
with a rubber cup and a water slurry
of pumice, washed well and dried. The
etching solution was applied for 60 sec-
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onds with a cotton pledget using a gen-
tle dabbing action. The crowns of the
teeth were washed well in running wa-
ter and the surfaces dried with a chip
syringe. The Catalyst and Universal
Sealant liquids were mixed thorough-
ly and applied to the etched enamel
surfaces with a brush. Equal portions of
the Catalyst Adhesive and the Univer-
sal Adhesive were mixed well for 20
seconds on a mixing pad with a dispos-
able plastic spatula. The mixed resin
was transferred to the base of a mesh-
backed bracket and the bracket seated
with firm pressure on the enamel sur-
face. The pressure was maintained un-
til the resin had set. The slight excess of
resin which had extruded around the
edges of the bracket was carefully re-
moved after five minutes with Stand-
ard Ceramisté wheels operated at ap-
proximately 10,000 rpm. The teeth with
the bonded attachments were stored in
distilled water at 37°C for 24 hours.

The bonded attachments were re-
moved with a #346 direct bonding
bracket remover. The edges of the
brackets were engaged mesiodistally and
the brackets dislodged by exerting gen-
tle pressure. Two of these teeth and the
brackets dislodged from them were pre-
pared for viewing in the scanning elec-
tron microscope (SEM). The residual
resin on the enamel surfaces of the re-
maining 36 teeth was removed by one
of the seven procedures outlined in
Table I. This was carried out under a
dissecting microscope and no attempt
was made to remove the resin com-
pletely. Resin removal with the burs,
discs and wheels was done in a dry
field with air cooling.
Procedure A

The remaining resin from four of
the teeth was removed with a #349
direct bonding bracket remover. The
plastic pad of the instrument was po-
sitioned against the incisal edge of a
tooth and the remaining resin removed
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with the sharp beak of the bracket re-
mover. The crowns of two of the teeth
were then polished with a rubber cup
and a water slurry of pumice at a speed
of approximately 10,000 rpm for two
10 second intervals. This final polishing
procedure was used as indicated in
Table 1.
Procedure B

The residual resin on the surfaces of
four of the teeth was removed with a
#1YS Starlite scaler. The crowns of
two of the teeth were polished as pre-
viously described.
Procedure C

A superfine finishing diamond #1DT-
SF was used to remove the remaining
resin from the facial surfaces of four
incisors. The diamond was operated at
high speed without water cooling. Two
of the teeth were polished with pumice.
Procedure D

A #FG-7406 12-bladed finishing car-
bide bur operated at high speed was
used to remove the bonding resin from
four tooth surfaces. Half the number
of teeth were polished with pumice.
Procedure E

The residual resin from 4 teeth was
removed with a #242 stainless steel
finishing bur operated at approximate-
ly 10,000 rpm. The surfaces of two of
the teeth were polished with pumice.
Procedure F

Medium (#1958M), fine (#1958F),
and superfine (#19585F) Sof-lex fin-
ishing and polishing discs were used to
restore the enamel surfaces of 8 teeth.
The finishing protocol used is given in
Table I. Only the surfaces of two of
the teeth that were treated with all
three discs were polished with pumice.
Procedure G

Ceramisté wheels from an enamel-
adjustment kit were used to finish the
surfaces of 8 teeth. The Standard, Ul-
tra and Ultra II wheels were used as
outlined in Table I. The wheels were
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Direct Bonding Bracket Remover

Excess resin removed
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Procedure Procedure Procedure Procedure Procedure
A B C D E
#349 Scaler Finishing Finishing Finishing
Bonding Diamond Carbide Stainless
bracket Bur Bur Steel
remover SEM Pumice % L Bur
polish  SEM  Pumice SEM  Pumilce N N 4
polish polish SEM Pumice
polish
SEM Pumice
polish SEM SEM SEM SEM
SEM
Procedure Procedure
F G

Finishing and
polishing discs
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Disc 1 Disc 1 Disc 1 Disc 1

N

SEM Disc.2 Disc 2 Disc 2

|

SEM Disc 3 Disc 3

SEM Pumice
polish

SEM

Finishing and
polishing wheels

v !

Wheel 1 Wheel 1 Wheel 1 Wheel 1

! ! | |

SEM Wheel 2 Wheel 2 Wheel 2

| |

SEM Wheel 3 Wheel 3

|

TABLE 1

operated at approximately 10,000 rpm
without water cooling and with light
pressure.

The crowns of the teeth and speci-
mens of the finishing and polishing
discs and wheels were mounted on
aluminum stubs and coated with gold
palladium in a high vacuum evapora-
tor. Orthodontic brackets and one of
each of the burs used in this investiga-
tion were cemented on aluminum
stubs with a silver adhesive. The speci-
mens were viewed in a Cambridge
Stereoscan Mark 2A SEM operated at
20 kV.

SEM Pumice
polish
SEM
REesuLTs

The base of a mesh-backed orthodon-
tic bracket is shown in Figure 1. The
brackets were readily dislodged from
the teeth with the bracket remover.
Remnants of the resin embedded in the
mesh of the bracket after removal are
demonstrated (Fig. 2). Failure oc-
curred mostly at the bracket-resin in-
terface but occasionally areas where
the failure had occurred at the resin-
enamel interface were seen (Fig. 3).

The removal of the remaining resin
with the #349 bracket remover re-
sulted in severe gouging of the enamel
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Fig. 1 Base of mesh-backed stainless
steel orthodontic bracket (x 25).

Fig. 2 Remnants of bonding resin em-
bedded in mesh of bracket bases (x 25).

S Tl BN
» m‘ i
oy = N\ y h‘

Fig. 3 Failure at the resin-bracket in-
terface (left) and at the resin-enamel
interface (right) (x 25).
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Fig. 4 Gouging of the enamel surface
produced by removal of resin with a
#349 bracket remover (x 700).

Fig. 5 Excess resin removed with brack-
et remover and enamel surface polished
with rubber cup and pumice (x 700).

oty

Fig. 6 Grooves produced on enamel sur-
face by hand scalers (x 700).
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Fig. 7 Enamel surface polished with

pumice after removal of remaining resin

with scalers (x 700).
] I

Fig. 8 Grooves and superimposed abra-
sion marks produced on enamel surface
by diamond finishing bur (x 700).
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Fig. 9 Polishing did not remove serra-
tions produced by diamond finishing bur
(x 700).

Fig. 10 Parallel grooves produced by
carbide finishing bur (x 700).

Fig. 11 Polished surface after removal
of ;'esidual resin with carbide bur (x
700).

Fig. 12 Gouging of enamel surface pro-
duced by stainless steel finishing bur
(x 700).
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Fig. 13 Etched enamel-polished resin
interface. Remaining resin removed with
steel bur prior to polishing (x 700).

.-

Fig. 15 Residual resin removed with
medium followed by fine Sof-lex discs
(x 700).

Fig. 16 Remaining resin removed with
the three grades Sof-lex dises (x 700).

Fig. 17 Surface polished with pumice
after removal of residual resin with the
three grades of Sof-lex dises (x 700).

Fig. 18 Resin-enamel interface obtained
with a Standard Ceramisté wheel (x
700).
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Fig. 19 Residual resin removed with
Standard followed by Ultra Ceramisté
wheels (x 700).

Fig. 20 Remaining resin removed with
the three grades Ceramisté wheels (x

Fig. 21 Surface polished with pumice
after removal of residual resin with the
three grades Ceramisté wheels (x 700).
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surface (Fig. 4). Polishing with the
rubber cup and water slurry of pumice
failed to produce an acceptable enamel
surface (Fig. 5). Removal of the resin
with  scalers produced prominent
grooves in the enamel surface (Fig. 6).
Polishing also did not yield a satisfac-
tory surface (Fig. 7).

The diamond particles embedded in
the superfine finishing diamond pro-
duced grooves with superimposed abra-
sion marks on the resin-enamel surfaces
(Fig. 8). The serrated surfaces per-
sisted after the polishing procedure
(Fig. 9).

The residual resin was readily re-
moved with the 12-bladed carbide fin-
ishing bur. It produced parallel grooves
on the resin-enamel surface (Fig. 10).
Final polishing with pumice failed to
restore the surface satisfactorily (Fig.
11).

The stainless steel finishing bur re-
moved the remaining bonding resin
with difficulty. These burs had to be
replaced frequently because they be-
came blunt. The stainless steel burs
produced gouges on the resin-enamel
surface (Fig. 12) which were not effec-
tively removed by the polishing proce-
dure (Fig. 13).

Surfaces produced by removing the
residual resin with the medium Sof-lex
aluminum oxide finishing and polish-
ing discs (Fig. 14), medium followed
by fine (Fig. 15), and medium fol-
lowed by fine and superfine discs (Fig.
16) showed a progressive decrease in
surface irregularities. Final polishing
with pumice resulted in a satisfactory
surface profile (Fig. 17).

Surfaces produced by the Standard
(Fig. 18), Standard followed by Ultra
(Fig. 19), and Standard followed by
Ultra and Ultra II (Fig. 20) Ceramisté
wheels showed a progressive decrease in
abrasive marks on the resin-enamel sur-
faces. Final polishing with a rubber cup
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and pumice produced a smooth surface
profile (Fig. 21).

Discussion

The bonding system used in this in-
vestigation consists of a low viscosity
sealant followed by a bis-GMA resin
with low filler content. The authors
support the view of Gwinnett and
Gorelick?* that the use of lightly filled
resins is indicated for the bonding of
orthodontic attachments. Removal of
attachments bonded with a lightly
filled resin should result in cohesive
failure within the resin rather than at
the resin-etched enamel interface. Fail-
ure at thc latter interface may result
in fractures occurring in the etched
enamel surface.?* A reduction in the
filler content of the bonding resin
should decrease the abrasive resistance
of the resin and consequently make the
polishing and finishing of the enamel
surface easier.

Apart from the site of failure of the
bonding resin, the amount of resin that
will remain on the enamel surface after
debonding will depend on the adapta-
tion of the bracket base to the under-
lying enamel. Attachments should be
carefully selected to follow the contour
of the tooth. Sufficient resin to cover
the bracket base should be used, the
attachment seated on the tooth surface
with firm pressure, and the excess resin
removed after the resin has set. Thick
adhesive layers are contraindicated as
thick layers give weaker joints than
thin.?”

Removal of the bulk of the remain-
ing resin prior to finishing will speed
the restoration of the enamel surface.
Although the debonding pliers are ex-
tremely useful to remove the bonded
attachments by the application of a
peel force, the use of the modified pliers
for residual resin removal is not rec-
ommended. Gouges on the enamel sur-
face were readily produced and these
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persisted after polishing with pumice.
The hand scaling instruments are also
not advocated for resin removal. Sharp
scratches were inadvertently made on
the enamel surface which could not be
removed with the polishing procedure.
Diamond finishing burs should not be
used to remove the remaining resin. It
was extremely difficult to control the
resin removal without damaging the
underlying enamel and to eliminate the
abrasion grooves produced on the
enamel surface. A 12-bladed carbide
finishing bur is recommended for the
removal of the bulk of the remaining
resin provided that no attempt is made
to remove the resin completely with the
bur. The stainless steel finishing bur
did not effectively remove the remain-
ing resin. Resin removal was slow and
the bur had to be replaced frequently
because of bluntness.

The graded (medium, fine and su-
perfine) finishing and polishing discs
produced surfaces which could readily
be restored satisfactorily with pumice.
If an appreciable amount of resin was
left, however, finishing with the Sof-lex
discs was a slow procedure and re-
sulted in the formation of facets on the
resin-enamel surface. Removal of the
remaining resin with the three graded
Ceramisté wheels produced a smooth
surface profile after polishing with
pumice. This finishing procedure
should only be used after the bulk of
the residual resin has been removed
with a carbide finishing bur. Light pres-
sure and adequate air cooling should
be employed when using the Ceramisté
wheels.

It is necessary to work in a dry field
when removing the remaining resin
with the rotary instruments. It is diffi-
cult to clearly define the resin-enamel
interface and the use of water cooling
will make this well-nigh impossible. It
is therefore essential that the rotary in-
struments should be applied with light
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pressure and adequate air cooling. In
this investigation no attempt was made
to remove all of the remaining resin.
The main objective was to produce an
aesthetically and clinically acceptable
surface while at the same time minimiz-
ing damage to the enamel.

CONCLUSIONS

The finishing of enamel surfaces af-
ter removal of directly bonded attach-
ments is essential. The following proce-
dures are suggested:

1. The bonding of mesh-backed
stainless steel brackets with a lightly
filled resin system.

2. Debonding of attachments with a
direct bonding bracket remover.

3. Removal of the bulk of the re-
maining resin with a 12-bladed tung-
sten carbide bur operated at high speed
with adequate air cooling.

4. Finishing of the residual resin and
underlying enamel with graded polish-
ing discs or Ceramisté wheels used with
light pressure and adequate air cooling.

5. Final finishing with a rubber cup
and a water slurry of pumice.

School of Dentistry
University of Alabama
Birmingham, Alabama 35294

ACKNOWLEDGMENTS
The authors wish to thank Ms. R. Dan-
iels for the photography and Ms. L. Les-
lie for typing the manuscript.

REFERENCES

1. Retief, D.H., Dreyer, C. J. and Gav-
ron, G.: The direct bonding of or-
thodontic attachments to teeth by
means of an epoxy resin adhesive.
Am. J. Orthodont., 58:21-40, 1970,

2. Sadler, J. F.: A survey of some com-
mercial adhesives: Their possible ap-
plication in clinical orthodontics.
Am. J. Orthodont., 44:65, 1958.

3. Buonocore, M. G.: A s1mple method
of increasing the adhesion of acrylie
filling materials to enamel surfaces.
J. Dent. Res., 34:849-853, 1955.

4, Swanson, L. T. and Beck, J. F.:
Factors affecting bonding to human

10.

11,

13.

14,

15.

16.

17.

18.

19.

Enamel Surfaces 9

enamel with special reference to a
plastic adhesive. J. Am. Dent. Assn.,
61:581-586, 1960.

. Newman, G. V. and Sharpe, L. I.:

On the wettability of tooth surfaces.
J. New Jersey State Dent. Soc., 37:
289-293, 1966.

. Mitchell, D. L.: Bandless orthodontic

bracket. J. Am. Dent. Assn., 74:103-
110, 19617.

. Retief, D. H. and Dreyer, C. J.:

Epoxy resins for bonding orthodon-
tic attachments to teeth. J. Dent.
Assn. S. Afr., 22:338-346, 19617.

. Newman, G. V., Snyder, W. H. and

Wilson, C. E.: Acrylic adhesives for
bonding attachments to tooth sur-

faces. Angle Orthodont., 38:12-18,
1968.
. Grenadier, 1., Philip, C. and Stein,

S. H.: Bonding attachments directly
to teeth. J. Prae. Orthodont., III:
399-403, 1969,

Miura, R., Nakagawa, K. and Masu-
hara, E.: New direct bonding system
for plastic brackets. Am. J. Ortho-
dont., 59:350-361, 1971.

Bowen, R. L.: Dental filling material
comprising vinyl silane-treated fused
silica and a binder consisting of the
reaction product of bisphenol and
glycidyl acrylate. U.S. Patent No.
3,056,112, 1962.

. Newman, G. V.: Clinical treatment

with bonded plastic attachments.
Am, J. Orthodont., 60:600-610, 1971.
Cohl, M. E., Green, L. J. and Eick,
J. D.: Bonding of clear plastic or-
thodontic brackets using an ultra-
violet-sensitive adhesive. Am. J. Or-
thodont., 62:400-411, 1972,

Dietz, V. S.: A technique for direct
bonding of orthodontic attachments.
J. Clin. Orthodont., V1:681-693, 1972,
Silverman, E., Cohen, M. and Gia-
nelly, A. A.: A universal direct bond-
ing system for both metal and plas-
tic brackets, Am. J. Orthodont., 62:
236-244, 1972,

Daft, K. S. and Lugassy, A. A.: A
preliminary study of orthodontic
treatment with the use of dircctly
bonded brackets. Am. J. Orthodont.,
65:407-418, 1974.

Garn, N. W.: Direct bonding: A
clinical study using an ultraviolet-
sensitive adhesive system. Am. J.
Orthodont., 69:455-463, 1976.
Cavina, R. A.: Clinical evaluation of
direct bonding. Brit. J. Orthodont.,
4:29-31, 19717.

Gorelick, L.: Bonding metal brackets
with a self-polymerizing sealant-
composite: A 12-month assessment.
Am. J. Orthodont., 71:542-553, 1971.



20.

21.

22,

23.

Retief and Denys

Zachrisson, B.: A posttreatment
evaluation of direct bonding in or-
thodontics. Am. J. Orthodont., 71:
173-189, 1977.

Sadowsky, P. L. and Retief, D. H.:
The effects of the acid etch and di-
rect bonding technique in orthodon-
tics on enamel surface topography.
J. Dent. Assn. S. Afr., 81:509-513,
1976.

Caspersen, I.: Residual aerylic ad-
hesive after removal of plastic or-
thodontic brackets: A scanning elec-
tron microscopic study. Am. J. Or-
thodont., 71:637-650, 1977.
Fitzpatrick, D. A. and Way, D. C.:
The effects of wear, acid etching,

24.

25.

26.

217.

January 1979

and bond removal on human enamel.
Am. J. Orthodont., 72:671-681, 1977.
Gwinnett, A. J. and Gorelick, L.:
Microscopic evaluation of enamel af-
ter debonding: Clinical application.
Am. J. Orthodont., 71:651-665, 1977.
McLaughlin, D.: Bonding in ortho-
dontics—with emphasis on the in-
direct method. Int. J. Orthodont., 15:
6-21, 1971.

Retief, D. H.: Failure at the dental
adhesive—etched enamel interface.
J. Oral Rehab., 1:265-284, 1974.
Buonocore, M. G.: Principles of ad-
hesive retention and adhesive restor-
ative materials, J. Am. Dent. Asen.,
67:382-391, 1963.

$S9008 9811 BIA $|-G0-GZ0Z 18 /woo Alojoeignd-poid-swid-yewlsiem-jpd-swiid)/:sdny wol) papeojumoq



