REVIEW ARTICLE

T Arabaci
Y Çiçek
M Özgöz
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Abstract: Aim: The aim of this study was to evaluate the
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effect of air polishing and different ultrasonic scaler inserts
on dental fillings, such as amalgam, composite and
porcelain. Materials and methods: This study was performed
on amalgam, composite and porcelain samples. The
surfaces of the samples were exposed to different type of
piezoelectric ultrasonic scaler inserts and air-abrasive unit.
The scaler inserts were Instrument A, Instrument PS and PI.
The roughness of the surfaces of each sample were
measured with a profilometer and observed by
stereomicroscope. Results: The stereomicroscopic images
and profilometric values showed that Instrument A and PS
resulted in rough surfaces, such as chips, nicks and
scratches on the amalgam, composite and porcelain
surfaces. The Instrument PI roughened the amalgam
surface, but it did not roughen the porcelain or composite
surfaces. The profilometric measurements (Ra) showed that
the roughness of the surfaces depending on air polishing
was less than the ultrasonically scaled surfaces. Conclusion:
The wrong tip applications during dental scaling procedure
cause roughness, such as scratches, nicks or chips, not
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only on the teeth surfaces but also on the filling materials.
Thus, dental scaling procedure on the restorations should
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be performed carefully and the roughness sites on the
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restorations have to be re-polished after scaling to prevent
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guide which scaling procedure must be used on dental filling

Introduction

materials.
Primer causation of the gingival diseases is plaque accumulation on teeth surfaces (1). Local factors, especially surface
roughness of the dental structures such as enamel, cement

Materials and Methods

and the restorative materials, are one of the aetiological fac-

This study was performed on amalgam, composite and porce-

tors of plaque accumulation. Surface roughness of the teeth

lain restoration samples. The restorations were prepared at

and dental fillings can cause aesthetic and gingival problems

standard conditions and were instrumented with three types of

depending on plaque retention (1–3). A rough, poorly fin-

piezoelectric ultrasonic tips (Instrument A, PS and PI) (Fig. 1)

ished surface contributes to staining, plaque accumulation

and an air polishing unit (Fig. 2). Then the instrumented sur-

and gingival irritation (4–6). So the conservative dentistry

faces were examined under stereomicroscope and the rough-

must aim to finish the restorations with a smooth and glazed

ness values were measured with a profilometer (Mitutoyo SJ:

surface (6). Especially, the surface roughness of facial

301, Kanagava, Japan).

margins of aesthetic restorations, such as composite and porcelain, are very important for aesthetics because of discolouration. However, all restorations have to be finished smoothly
both on facial or lingual and interproximal sites not to
cause a plaque retention area. Because the surface roughness
of the restorations will cause plaque accumulation and
stains, and aesthetic will be affected. Surface roughness
is

also

important

on

gingiva-contacted

sites.

Because

the roughness will cause a constant plaque accumulation,
especially on proximal sites, and this cause gingival irrita-

(a)

(b)

(c)

tions.
Surface roughness and retention areas of the dental struc-

Fig. 1. (a) Instrument A; (b) Instrument PS; (c) Instrument PI.

tures may be congenital or iatrogenic. Iatrogenic surface roughness may be depending on both restorative applications and
periodontal scaling procedures of the teeth and the crown or
filling materials. Ultrasonic debridement and air polishing are
now the most effective techniques of periodontal scaling (7).
But sometimes wrong applications can cause hazardous effects
and defects both on the tooth surfaces and the restorations (7,
8). The defects depending on the wrong application of the
ultrasonic debridement can cause scratches, gouges and nicks
on the enamel or cementum (9, 10). These defects on the surface may not only cause surface roughness but also pulpitis
depending on micro leaking of the microorganisms into the
pulp (7).
The patients who don’t consider oral hygiene have dental
plaque and calculus on their teeth and restoration surfaces. So
the periodontal therapy should include scaling the surface of
the teeth and restorations. But this procedure must be performed without causing roughness on the scaled surfaces.
Because the surface roughness is one of the important surface
disorder which causes plaque accumulation.
The aim of this in vitro study was to compare the surface
roughness of the restorations which were scaled with different
piezoelectric ultrasonic tips and air polishing unit, and to
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Fig. 2. Air-abrasive device (Air flow handy).
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Preparation of the amalgam samples

The amalgam materials were mixed in a Dentomat compact
amalgamator (Dentomat, Guarulas, Brazil) according to the
manufacturer’s instructions using capsule system. The amalgam
Cavex Avalloy A (Cavex Holland BV Haarlem, Netherlands)
was mixed for 15 s. Each mixed amalgam materials were placed
in an empty plastic cube block sized 5 mm3 using an amalgam
condenser. Then each amalgam samples were burnished with a

Fig. 3. Application of the ultrasonic tip on the samples.

ball burnisher and after 2 days the surfaces were polished with
rubber cup.

Determination of surface roughness of the samples

The instrumented and air abraded surfaces of each filling
Preparation of the composite samples

The composites were placed in rectangular plastic moulds
(5 mm3) and covered with acetate strips. A glass slide was
placed over the acetate strips and pressure was applied to
extrude excess material. The restoratives were light polymerized according to manufacturers’ cure-times (40 s) through the
glass slide with a Spectrum Curing Light.

Porcelain ceramic fabrication

Conventional porcelain ceramic VMK68 (VMK; Vident, Brea,

material samples were observed under a stereomicroscope and
the roughness of the surfaces were measured using a profilometer. The surface roughness was determined as mean roughness (Ra), defined as the average of peak and valley distances
measured along the centerline of one cut-off length (11). Five
measurements were performed for each sample and the mean
Ra values were calculated.

Results
Profilometric results

CA, USA) were formed into approximately 15-mm-dia-

According to the profilometric analysis (Table 1), the Ra val-

meter · 2-mm-thick disks and the crystalline type was leucite.

ues on each scaled filling surfaces were higher with Instrument

The firing temperature was 935C. The porcelain powders

A. The surface roughness on scaled amalgam surface was

were moistened with the recommended liquid and formed in a

higher than the composite and porcelain surfaces with Instru-

polyvinylsiloxane mold into compressed pellets. The disks

ment PS. In the other hand, the surface roughness on each fill-

were placed on a ceramic pillow and fired in a vacuum oven

ing sample depending on Instrument PI was less than

(Ultra-Mat CDF; Unitek, Monrovia, CA, USA) and then all

Instrument A and PS. The Ra values on the samples depend-

porcelain ceramics were glazed according to manufacturers’

ing on air-polishing unit were similar and less than these on

instructions.

the ultrasonically instrumented surfaces.

Surface preparation of the restorations

Stereomicroscopic observations

This study was performed by using an EMS mini piezon
piezoelectric ultrasonic scaling unit (EMS CORP. USA, Green-

Amalgam samples

ville Ave.) and an air-abrasive unit (Air Flow handy; EMS,

The stereomicroscopic examination of the instrumented

Nyon, Switzerland). Three types of piezoelectric ultrasonic tips

amalgam surface showed that Instrument A sustained chips,

were used. The piezoelectric instruments were Instrument Tip

scratches and loss of material on the surface (Fig. 4a).

A, PS and PI (Electro Medical Systems, Nyon, Switzerland).

Instrument PS also roughened the amalgam surface, but loss

Each filling material samples was instrumented with each

of material on the surface was less than that of Instrument

tip (Instrument A, PS and PI) under standard conditions

A (Fig. 4b). The stereomicroscopic images showed that

(medium power setting, 0 angulation and standard lateral

Instrument PI altered the surface but it did not cause mate-

force) (Fig. 3) and air abrasion was applied at 20 psi with

rial loss (Fig. 4c). The air polished amalgam surfaces did not

prophylaxis powder for 2 s (size <100 lm; Ch-1260, Nyon,

show

Switzerland).

(Fig. 4d).

macro

cracks

or

chips

under

stereomicroscope
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Table 1. Surface roughness obtained on each filling materials
with different ultrasonic tip and air-polishing unit (lm)
Mean surface roughness values

Instrument A
Instrument PS
Instrument PI
Air-polishing unit

Amalgam

Composite

Porcelain

2.73
1.92
0.83
0.23

2.01
1.46
0.21
0.28

2.12
1.34
0.13
0.11

Fig. 6. (a, b, c, d) Instrumented porcelain surfaces.
Composite samples

Stereomicroscopic images showed that ultrasonic tips resulted
in a roughen surface on the composites which were instrumented with Instrument A and PS (Fig. 5a and b). It was shown
that Instrument PI did not roughen the surface (Fig. 5c). After
air abrasive exposure, any considerable cavities or craters were
Fig. 4. (a, b, c, d) Instrumented amalgam surfaces.

not seen on the surfaces of the air-abraded composite samples
(Fig. 5d).

Porcelain ceramic surfaces

The instrumented porcelain surfaces were observed under stereomicroscope and it was shown that Instrument A and Instrument PS slightly removed the glaze of the porcelain and
caused pores on the surface where the tip of the inserts was
stroke. But it was shown that PI and air-abrasive system did
not cause any chips or pores on the surface (Fig. 6a, b, c
and d).

Discussion
Gingivitis and periodontitis are primarily caused by bacterial
biofilm at the interface between the hard dental surface and
the soft tissue (12). The previous studies indicated that the
surface roughness of the dental surfaces was found to significantly influence the establishment of dental plaque (13–15).
So the surface smoothness is significant for both the enamel or
Fig. 5. (a, b, c, d) Instrumented composite surfaces.
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Dental filling materials or restorations have to be finished

examined the air abraded amalgam surfaces, at 60 psi, under

with a smooth surface so as to not allow plaque retention.

SEM and they stated that extensive roughening was observed

Because the rough surfaces which cause plaque retention

on amalgam surface and they proposed that the amalgam sur-

reduce the oral hygiene performance of the patients. Thus, the

face should be re-polished after air-abrasive application. The

rough surfaces can cause aesthetic problems and gingival irrita-

air polishing system in this study was operated at 20 psi and

tions.

any significant roughness was not revealed, but nevertheless to

Furthermore, the smooth surfaces on the restorations have

prevent plaque retention on the amalgam surfaces, the instru-

to be maintained during dental procedures, such as dental scal-

mented amalgam surfaces should be re-polished after both

ing. Dental scaling is an indispensable procedure in dental

ultrasonic and air-abrasive procedures.

applications required for aesthetics, hygiene and gingival

The stereomicroscopic images showed that there was a

health. But it is reported that if the surfaces of the filling

roughened surface on the composite filling which were instru-

materials and crown restorations are damaged by sonic or ultra-

mented with Instrument A and PS (Fig. 5a and b), but there

sonic scaling the power-driven scalers (sonic ⁄ ultrasonic scalers)

was no a chip or scratch on the composite surfaces which was

may sustain chips, scratches or loss of material (8, 16–18).

exposed to Instrument PI and air polishing system (Fig. 5c

These surface disorders, such as scratches, chips or pores, on

and d), and the profilometric results confirmed the stereomi-

the crown restorations and dental filling materials adjacent to

croscopic images (Table 1). The previous studies also stated

instrumented areas will cause plaque accumulation and stains,

that composite restorations can be significantly damaged by

and also will irritate the contacted-gingiva to these restorations

sonic or ultrasonic instrumentation (16–18). It is no doubt that

(4, 5).

the roughened composite surfaces will be the causation for not

The present study aimed to state the surface integrity and
roughness of composite, amalgam and porcelain ceramic resto-

only aesthetic problems depending on discolouration but also
gingival problems at the gingival-contacted surfaces.

rations depending on air polishing and piezoelectric ultrasonic

The examined porcelain surfaces showed that there were

instrumentation with Instrument A, PS and PI. The instru-

pores and roughness on the instrumented surfaces with Instru-

mented surfaces of the samples were examined under stereo-

ment A and PS (Fig. 6a and b). But the Ra values for Instru-

microscope and the images were photographed, and the

ment PI and air polishing system were less than that of

surface roughness of the each scaled fillings were measured

Instrument A and PS and also the stereomicroscopic images

with a profilometer. The findings of the present study indi-

did not show any chips or scratches on the glazed porcelain

cated that the scaling procedure with different type ultrasonic

surfaces for Instrument PI and air polishing unit (Fig. 6c and

tips influenced the mean surface roughness of the filling mate-

d). Lee et al. (17) evaluated the changes in the surfaces of

rials. Folwaczny et al. (19) studied on root surfaces and indi-

glazed porcelain after ultrasonic scaling and they stated that

cated that the surface roughness was most strongly affected by

the roughness alterations from this procedure were not statisti-

the shape of the working tip and the ultrasonic device causes

cally significant. However, they stated that the qualitative or

higher roughness on root surfaces. The stereomicroscopic

subjective evaluation of scanning electron micrographs and

images and Ra values (Table 1) showed that the amalgam sur-

profile tracings revealed differences between glazed and instru-

faces were significantly affected from Instrument A and PS.

mented porcelain surfaces. The study of Vermilyea et al. (16)

The Instrument PI also altered the amalgam surface but its

examined porcelain labial margins after ultrasonic scaling and

effect was less than other tips (Instrument A and PS). The

air polishing and they suggested that careless use of an ultra-

Instrument PI only scratched the amalgam surface while the

sonic scaler or air polisher could substantially alter porcelain

Instrument A and PS caused pores and material loss (Fig. 4 a,

facial margins.

b and c). However, the Ra values were less for Instrument PI
when comparing to Instrument A and PS. Although the studies
suggested that ultrasonics could be useful for the removal of

Conclusion

amalgam overhangs (20, 21), according to this study results this

Dental scaling is an indispensable procedure in periodontics.

application will roughen the surface of the amalgam and will

But the wrong applications, such as high tip angulation or

cause a plaque retention area if the surface is not re-polished

power setting of ultrasonics and high air level of air polishing

after scaling. The stereomicroscopic inspection and the Ra

units, and wrong instrument choosing may damage not only

values did not reveal a significant roughness on the surface

the enamel surface but also the surfaces of the dental fillings

depending on air polishing (Fig. 4d). But Türkmen et al. (22)

or crowns. The surface damages include chips, nicks, scratches
Int J Dent Hygiene 5, 2007; 205–210
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or material loss on the surfaces may cause roughened surface
and plaque retention area. It is certain that the surface roughness sustains plaque accumulation and so stains and gingival
irritations in the filling-contacted gingiva. So the scaling instruments should be chosen by considering their hazardous effects
on the hard surfaces not to cause a plaque accumulation area
such as roughened surfaces.
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