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Surface changes of metal alloys and high-
strength ceramics after ultrasonic scaling and
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PURPOSE. This study was to evaluate the effect of repeated ultrasonic scaling and surface polishing with intraoral
polishing kits on the surface roughness of three different restorative materials. MATERIALS AND METHODS. A
total of 15 identical discs were fabricated with three different materials. The ultrasonic scaling was conducted for
20 seconds on the test surfaces. Subsequently, a multi-step polishing with recommended intraoral polishing kit
was performed for 30 seconds. The 3D profiler and scanning electron microscopy were used to investigate surface
integrity before scaling (pristine), after scaling, and after surface polishing for each material. Non-parametric
Friedman and Wilcoxon signed rank sum tests were employed to statistically evaluate surface roughness changes
of the pristine, scaled, and polished specimens. The level of significance was set at 0.05. RESULTS. Surface
roughness values before scaling (pristine), after scaling, and polishing of the metal alloys were 3.02+0.34 ym,
2.44+0.72 pm, and 3.49+0.72 pm, respectively. Surface roughness of lithium disilicate increased from 2.35+1.05
pm (pristine) to 28.54+9.64 um (scaling), and further increased after polishing (56.66+9.12 pm, P<.05). The
zirconia showed the most increase in roughness after scaling (from 1.65+0.42 ym to 101.37+18.75 pm), while its
surface roughness decreased after polishing (29.57+18.86 pm, P<.05). CONCLUSION. Ultrasonic scaling
significantly changed the surface integrities of lithium disilicate and zirconia. Surface polishing with multi-step
intraoral kit after repeated scaling was only effective for the zirconia, while it was not for lithium disilicate. [J Adv
Prosthodont 2017;9:188-94]
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INTRODUCTION

In general, dental caries and periodontal disease are known
to be caused by dental plaque accumulation.' To maintain a
favorable oral health condition, it is essential to manage
dental plaque by periodical oral examinations and intraoral
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scaling® Scaling treatment removes dental plaque ot calcu-
lus accumulated on the surfaces of teeth or restorations,
resulting in the clean sutfaces with low surface energy.* The
scaling is mainly conducted with cither an ultrasonic scaler
or a periodontal curette.”” However, the smooth surfaces of
restorations are sometimes roughened by the use of an ultra-
sonic scaler,*"” which possibly increase the formation of
microorganism colonies and the buildup of dental
plaque.'"'* The roughened surfaces of restorations may
cause the formation of a biofilm, the propagation of bacte-
tia, and surface discoloration.”" To minimize the changes
in surface roughness of the restorative materials within the
oral cavity, careful polishing after scaling may be required.'*'®

A porcelain-fused-to-metal (PFM) has been used as a
gold standard for the esthetic restoration of the anterior
region.” In addition, various ceramic matetials were devel-
oped and clinically applied to replace conventional metal
framework for natural appearance. However, ceramic mate-
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tial has a major drawback of fracture and fatigue.*' With
the advances in the computer-aided design/computer-aided
manufacturing (CAD/CAM) technology, use of high-
strength polycrystalline ceramics such as lithium disilicate or
partially-stabilized tetragonal zirconia has been increased in
clinical dentistry.?** Especially, zitconia shows excellent
mechanical strength and biocompatibility, and low plaque
accumulation and bacterial adhesion.” For the long-term
stability of restoration, inherent surface characteristics of
metal and ceramic materials should be considered during
the periodic oral health maintenance, including ultrasonic
scaling;

To the best of our knowledge, there were studies on the
effects of scaling on restorative materials or on the changes
in surface roughness in relation to scaling methods, few
studies have been reported about the surface changes by
repeated ultrasonic scaling and subsequent intraoral polish-
ing.***" Therefore, the aim of this study was to evaluate the
surface roughness changes in three different restorative mate-
rials (nickel-chromium alloy, lithium disilicate glass ceramic,
and zirconia) after repeated treatment with an ultrasonic
scaler and subsequent polishing with intraoral polishing sys-
tems. The null hypothesis was that there would be no differ-
ence in surface roughness of restorative materials according
to the materials and in each of the three treatment steps
(before scaling, after repeated scaling, and surface polish-

ing).
MATERIALS AND METHODS

Two representative ceramics for esthetic restoration, lithium
disilicate glass ceramic and partially stabilized tetragonal zir-
conia, were used for this zz-vitro pilot study. A base metal
alloy was used as a control. The chemical composition and
manufacturers’ information of the tested materials are sum-
marized in Table 1. A total of 15 identical discs with a
diameter of 15 mm and a thickness of 1.5 mm were pre-
pared. For the lithium disilicate group, the disc specimen
was produced by pressing glass ceramic ingot (IPS e.max

press HT A2, Ivoclar Vivadent, Schaan, Liechtenstein) into
the mold using a furnace (Propress100, Whip Mix Corp.,
Louisville, KY, USA) according to the manufacturer’s
instruction. To simulate clinically-relevant finishing process
for esthetic restorations, one circular testing surface of each
disc was subsequently glazed (IPS e.max ceram Glaze Paste,
Ivoclar Vivadent). For the zirconia group, 3 mol% yttria-sta-
bilized tetragonal zirconia polycrystal blocks (LUXEN
Smile, Dentalmax, Seoul, Korea) were milled into the disc
shapes and sintered at 1500°C for 3 hours. Similar to the
lithium disilicate group, one testing surface of each disc was
glazed according to the manufacturer’s recommendation
(Vita Akzent, VITA, Bad Sickingen, Germany). For the metal
alloy control group, a nickel-chromium alloy (VeraBond 2V,
Aalbadent, Hague, Netherlands) was used to cast disc-
shaped specimens of the same test dimension with other
ceramic groups. A testing surface of each metal disc was
carefully polished with a laboratory silicon mounted polish-
ing kit (Brownie and Greenie polishers, SHOFU, Kyoto,
Japan) and low-speed hand-piece.

A5 mm X 5 mm area on the testing surface of each disc
was designated for the scaling treatment. An ultrasonic scal-
er (Piezon, EMS, Nyon, Switzetland) with stainless steel tip
(P type) was used with sufficient cooling water. A single
operator with more than 10 years of clinical experience
conducted the scaling treatment to standardize the treat-
ment procedure. The scaling was conducted for 20 seconds
in a reciprocal motion, repeated 10 times within the desig-
nated area. The angle between the surface of each disc and
the scaler tip was maintained at 0°, according to the proto-
cols of previous study."”

After the scaling process, surface polishing of each pre-
pared disc was conducted with a material-specific intraoral
polishing system. A silicon polishing kit for metal alloy
(Brownie/Greenie silicon polishers, SHOFU), a 3-step pol-
ishing kit for glass ceramic (OptraFine, Ivoclar Vivadent),
and a 2-step polishing kit for zirconia ceramic (DIACERA,
EVE, Pforzheim, Germany) were used to polish roughened
surfaces of the nickel-chromium alloy disc, lithium disilicate

Table 1. Chemical components of three restorative materials tested in this study

Nickel-Chromium alloy

Lithium disilicate

Zirconia (3Y-TZP)

Element Percent (%) Element Percent (%) Element Percent (%)
Ni 71.8 Sio, 58 - 80 ZrO, 80 - 96
Cr 12.8 Li,O 11-19 HfO, <5
Mo 9.0 K,0 0-13 Y,0, 4-10
Nb 4.0 PO, 0-11 Er,0O, <01
Al 2.5 Zr0, 0-8
Si <0.1 ZnO 0-8
Ti <0.1
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glass ceramic disc, and the zirconia disc, respectively. The
same operator who conducted the scaling treatment per-
formed the polishing procedures for a standardized process.
31 the operator
applied uniform finger pressure during polishing, in one
direction for 30 seconds of identical application time. The
rotation rate for each specimen was set according to the
step-by-step guideline of each polishing system.

To evaluate the surface morphology of each specimen at
each treatment step, a three-dimensional surface measure-
ment apparatus (3D optical profiler, Wyko NT1100, Veeco,
Plainview, NY, USA) based on white light vertical scanning
interferometry was used to measure the surface roughness
values (Ra). The Ra value is the average absolute deviation
of the roughness irregularities from the mean line over one
sampling length. Surface roughness measurement was con-
ducted using a contactless method, and the dimensions of
the image and the vertical measurement range were set to
600 pm x 456 pm and O - 1000 pm, respectively. The sur-
face condition of prepared testing disc before scaling (pris-
tine step) was analyzed with a scanning electron microscopy
(SEM, §-4800, HITACHI, Tokyo, Japan) under 3 kV accel-
erating voltage and magnification at x500. Changes in the
surface morphology of each test specimen after repeated
scaling and surface polishing with intraoral kit were also
microscopically investigated.

Using non-parametric statistical analysis, the Friedman

Based on the protocols of previous studies,

test was used to examine changes in the surface roughness
within each test specimen after three different treatment
steps (pristine, after repeated scaling, and after surface pol-
ishing). The Wilcoxon signed rank sum test was used for
post-hoc analysis. To compare the surface roughness among
three different restorative materials at each treatment step
(pristine, after scaling, and after polishing), the Kruskal-
Wallis test was used. The statistics program (SPSS 22.0,
IBM SPSS statistic, Chicago, 1L, USA) was used with the
statistical significance set to 0.05.

RESULTS

The means and standard deviations of the surface rough-
ness values (Ra, in um) for all the specimens at three differ-
ent surface treatment conditions (initial before scaling, after
repeated scaling, and after surface polishing using intraoral
polishing kits) were summarized in Table 2. The surface
roughness values for the nickel-chromium alloy were similar
irrespective of the surface treatment steps (P = .165). On
the other hand, the lithium disilicate and zirconia discs
showed significant changes in surface roughness values after
the treatments (both P < .05). The post-hoc analysis revealed
that the changes were statistically significant between before
(pristine) and after repeated scaling, as well as after repeated
scaling and surface polishing with intraoral polishing kits (P
<.05).

Table 2. Changes of surface roughness (Ra) values of three different restorative materials before scaling (pristine), after

scaling, and after surface polishing

Pristine Scaling Surface polishing
N P value
Average (SD) Average (SD) Average (SD)
Metal alloy 3.02 (+ 0.34) 2.44 (£ 0.72) 3.49 (£ 0.72) .165
Lithium disilicate 2.35 (+ 1.05) 28.54 (+ 9.64)° 56.66 (+ 9.12)° .007*
Zirconium dioxide 1.65 (£ 0.42) 101.37 (= 18.75)° 29.57 (+ 18.86)° .007*

The different lower case letters * * © indicate significant statistical differences. P < .05.

Table 3. Surface roughness (Ra) values of three different restorative materials at each treatment step; pristine, after

scaling, and after surface polishing

Pristine Scaling Surface polishing
Average (SD) P value Average (SD) P value Average (SD) P value
Metal alloy 3.02 (= 0.34) 2.44 (£ 0.72) 3.49 (= 0.72)
Lithium disilicate 2.35 (+ 1.05) .56 28.54 (+ 9.64) .002* 56.66 (+ 9.12) .002*
Zirconia 1.65 (+ 0.42) 101.37 (= 18.75) 29.57 (+ 18.86)

The asterisk (*) indicates that there is statistically significant difference. P < .05.
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Before the ultrasonic scaling (pristine step), there was no
significant difference in the surface roughness values among
three different restorative materials (P = .56, Table 3). After
repeated scaling, however, the zirconia discs showed the
highest mean roughness value, while the metal alloy discs
exhibited the lowest (P < .05). After surface polishing with
intraoral kits, the mean surface roughness was the highest in
the lithium disilicate group, followed in the order of the zir-
conia and nickel-chromium alloy group (P < .05). In addi-
tion, the zirconia group showed the largest changes in sur-
face roughness values among the tested materials.

Microscopic observation showed that the surface of met-
al alloy disc was not greatly affected by the ultrasonic scaling

or sutface polishing (Fig. 1 and Fig. 2). For the lithium disili-
cate glass ceramic, the pristine glazed surface was shown to
be relatively uniform, whereas the severely scratched pat-
terns were observed after repeated scaling (Fig. 3 and Fig.
4). The roughened surface of lithium disilicate was not suf-
ficiently changed into original smooth condition even after
multi-step polishing (Fig. 3 and Fig. 4). For the zirconia
group, the pristine surface after glazing showed low surface
roughness (Fig. 5 and Fig. 6). The highly damaged surface
of the test zirconia specimen after repeated scaling was sig-
nificantly altered after multi-step polishing with intraoral kit,
resulting in a mostly smooth surface (Fig. 5 and Fig. 6).

Fig. 1. A representative 3D plot image of metal (nickel-chromium) alloy; (A) pristine, (B) after repeated scaling for 20
seconds, (C) after surface polishing with an intraoral polishing kit.

POSTECH 3.0kV 9.3mm x500 SE(M) 4/25/2016 100um

Fig. 2. A representative SEM image of metal (nickel-chromium) alloy (x500 magnification); (A) pristine, (B) after repeated
scaling, (C) after surface polishing with an intraoral polishing kit.

Fig. 3. A representative 3D plot image of lithium disilicate; (A) pristine (glazed), (B) after repeated scaling for 20 seconds,

(C) after multi-step polishing with an intraoral polishing kit.
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POSTECH 3.0kV 8.0mm x500 SE(!\II‘!) an POSTECH 3.0kV 8.1mm x50!

ey

100um POSTECH 3.0kV 8.0mm x500 SE(M) 5/13/2016 ~  100um

Fig. 4. A representative SEM image of lithium disilicate (x500 magnification); (A) pristine (glazed), (B) after repeated
scaling, (C) after multi-step polishing with an intraoral polishing kit.

Fig. 5. A representative 3D plot image of zirconia; (A) pristine (glazed), (B) after repeated scaling for 20 seconds, (C)

after multi-step polishing with an intraoral polishing kit.

POSTECH

POSTECH 3.0kV 8.9mm x500 SE(M) 4/26/2016

100um POSTECH 3.0kV 8 V 100um

Fig. 6. A representative SEM image of zirconia (x500 magnification); (A) pristine (glazed), (B) after repeated scaling, (C)

after multi-step polishing with an intraoral polishing kit.

DISCUSSION

This study examined the 7z-vitro effect of the repeated use
of an ultrasonic scaler equipped with a stainless steel tip and
subsequent surface treatment using an intraoral polishing kit
on the surface roughness values of three different restor-
ative materials: metal alloy, lithium disilicate, and zirconia.
Based on the results of this study, the null hypothesis was
rejected. It is important to establish surface conditions favor-
able to oral hygiene maintenance considering the characteris-
tics of restorative materials. According to a previous study
about repeated scaling on restorative materials, the surfaces
were increasingly roughened as the time of instrumentation

192

increased.” In this study, the effect of repeated scaling and
subsequent sutface polishing was different depending on the
type of materials used. The surface roughness change of
metal alloy was almost none for each treatment steps, con-
sidering the error range of the 3D profiler measurements.
Similar mechanical properties of both nickel-chromium
alloy disc and stainless steel ultrasonic scaler tip may have
affected the results of this study.” However, the surfaces of
the lithium disilicate and zirconia discs were significantly
roughened after repeated scaling. A previous study revealed
that the use of a titanium-based or stainless steel periodon-
tal curette increased the surface roughness of lithium disili-
cate and zirconia.”” The result was in consistent with the
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findings of the current study, showing that the ultrasonic
scaling has a negative effect on the surface morphology of
ceramic material.

The probabilities for periodontal inflammation and
plaque accumulation increase when the surface roughness
of the restorative material is more than that of the occlusal
contact area of natural teeth.” Thus, it is important to
smoothen the rough surfaces of restorative materials from
ultrasonic scaling by using an intraoral polishing system. In
fact, intraoral polishing of ceramic restorative material is
teported to be difficult due to its high hardness.™ In this
study, the surface roughness of the lithium disilicate group
significantly increased after multi-step polishing. A previous
study reported that the glaze finishing, rather than surface
polishing with carborundum or silicon points, improved the
surface integrity of the lithium disilicate.’* Based on the
manufacturer’s information, the glass ceramic discs tested in
this study (IPS. E.max Press) consisted of 70 vol% needle-
like crystals of lithium disilicate, which were crystallized in
and firmly bonded to a glassy matrix. High crystal content
of lithium disilicate ceramic and glazing porcelain may have
caused an uneven surface even after polishing.” In case of
grinding with diamond burs, the polishing could wear away
the irregularies of the roughened surface of lithium disili-
cate even after the removal of glazed layer.’'*
roughening with an ultrasonic scaler may be different with
the grinding with a fine diamond bur. It can be speculated
that the repeated ultrasonic scaling could damage the sur-
faces of underlying lithium disilicate structure as well as
ovetlying glazed feldspathic porcelain layer. Therefore, the
polishing with intraoral kits may not be sufficient to restore
the original surface roughness, or even worsen the surface
integrity due to cracked residual feldspathic porcelain parti-
cles or partially dislodged lithium disilicate crystals. Further
studies are required to clarify the effectiveness of intraoral
surface polishing for the lithium disilicate. On the other
hand, the zirconia (3Y-TZP) showed marked reduction of
surface roughness and smoothened surface after polishing
with an intraoral kit, although its surface was layered with
glazing feldspathic porcelain. This finding was in accor-
dance with the previous study.’® Even though ultrasonic
scaling may be different with the grinding in relation to the
aspect of roughening procedure, one may speculate that the
negative effect of repeated scaling on the surface roughness
of zirconia may be recovered after meticulous surface pol-
ishing due to the homogeneous and fine microstructure of
the zirconia. The removal of glazed layer from the ceramic
surface leads to significant changes in wear characteristics,
abrasion resistance, and mechanical strength.” The intraoral
polishing may affect the longevity and biocompatibility of
the ceramics.” For the zirconia ceramic, multi-step surface
polishing with intraoral kits after repeated ultrasonic scaling
was effective, and therefore can be recommended.

In this study, reciprocal (forward and reverse) movement
was used for the ‘repeated scaling’ treatment on the surface
of the test materials, while the polishing was conducted in
one direction to implement a standardized technique. This

However,

may have caused the effect of surface polishing less signifi-
cantly than expected. Researchers of recent studies on the
intraoral polishing of ceramics performed the polishing in
the identical direction of the instrumentation (grinding with
diamond burs) used to roughen the material surfaces.’’’
The differences in the surface roughness values between
this study and the others may have originated from the dif-
ferences in the roughening method (grinding or scaling),
polishing method, and surface finishing (glazed or as-milled,
polished).*>%7

The limitations of this zz-vifro pilot study is that only
three restorative materials with small sample sizes were eval-
uated for ultrasonic scaling and surface polishing, which
necessitates an additional experiment for a wide variety of
restorative materials including dental polymers. In addition,
the surface roughness was only evaluated using the 2D
roughness profile (Ra value) instead of the 3D roughness
profile (Sa value). Considering the clinical situations, the
effects of scaling on the surface roughness of restorative
materials with the forms of crowns and bridges should be
evaluated in the following zz-vitro studies. Moreover, clinical-
ly controlled studies with various intraoral restorations using
ultrasonic scalers and intraoral polishing kits should also be
required in the future.

CONCLUSION

Within the limitations of this study, the following conclu-

sions can be drawn:

1. The nickel-chromium alloy showed similar surface
roughness (Ra) values before scaling (pristine), after
repeated scaling, and after surface polishing.

2. The mean Ra value for lithium disilicate group signifi-
cantly increased after repeated scaling, and even after
surface polishing,

3. The mean Ra value for zirconia group significantly
increased after repeated scaling and decreased after
multi-step polishing;

4. The mean Ra values of the metal alloy and high-strength
ceramics measured at two different treatment steps, scal-
ing and surface polishing, were significantly different.
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