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ABSTRACT

Introduction: Conventional acid-etching before brackets bonding imposes
numerous iatrogenic enamel damaging effects. This study aimed to develop
a novel calcium-phosphate (CaP) etchant paste as an enamel-
friendly conditioning system, in a mixing capsule formula, for
orthodontic bonding and investigate bonding performance, effect on
mechanical and morphological enamel properties, failure pattern, and
enamel surface integrity post bracket debonding in comparison with

phosphoric acid (PA) gel.

Materials and Methods: Micro-sized monocalcium phosphate
monohydrate and hydroxyapatite (micro- and nano-sized) powders were
mixed with 2% and 40% PA solutions, respectively; to formulate acidic CaP
pastes: MPA1l, mHPA2, and nHPA2, respectively. The study sample
consisted of extracted human teeth including 400 premolars and 60 molars.
Besides commercial 37% PA-gel, the developed pastes were used for enamel
conditioning of a total of 345 premolars, in the three phases of this study,
applying the etch-and-rinse technique before bonding metal brackets. During
the evaluation phase, the MPALl, mHPA2, and nHPA2 pastes subgroups
were compared to those of PA-gel in terms of shear bond strength (SBS) and
adhesive remnant index (ARI) after 24 hours water storage (WS) and 5000
cycles of thermocycling. The surface micro-hardness of molars specimens
was evaluated after the etchants application and compared to the
unetched enamel surface by measuring Vickers hardness number. At the
finalization phase, the mHPA2 and nHPA2 pastes were exclusively
evaluated in terms of SBS and ARI scores after 30 minutes, 30-days WS and
30-days acid challenge (AC) and compared to PA; effects of these pastes



on enamel surface roughness were also assessed. Field emission scanning
electron microscopy (FE-SEM) was used to evaluate etch-pattern

and enamel damage incidence.

Results: mHPA2, nHPA2 and MPAL pastes yielded significantly lower, yet
clinically acceptable, SBS values than PA (p < .001) at both debonding time
points (24 h and post-TC), and induced a milder etch-pattern, unblemished
enamel surfaces, CaP re-precipitation with no or minimal adhesive residues
post-debonding as compared with PA. The enamel etched with mHPA2 and
nHPAZ pastes revealed significantly less micro-hardness reduction than that
etched with PA and MPA1. Moreover, these pastes produced clinically
suitable SBS at 30 min and post 30 d WS and AC. Surface roughness was

remarkably higher after etching with PA than with experimental pastes.

Conclusion: Enamel conditioning with newly developed CaP pastes
(mHPA2 and nHPA2) as “capsule formula” equivalently yields clinically
adequate SBS, less adhesive residue and enamel damage upon bracket
removal, causes less deterioration in enamel mechanical properties

compared to 37% PA, with the enhancement of CaP re-precipitation.
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