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Abstract

Objectives: The purpose of this study was to compare the effectiveness of three dif-
ferent instruments on the cement loss and roughness of the root surface following
scaling and root planning (SRP) using micro-computerized tomography (micro-CT).
Methods: In this experimental study, 60 single-rooted extracted human teeth were
used and divided into three groups. All teeth were scanned with micro-CT before
and after SRP. Group 1: SRP was performed by Gracey-curette, Group 2: SRP was
performed by using an ultrasonic device and Group 3: SRP was performed by using a
piezo ultrasonic device. Cement loss and porosity of the root surface were analysed by
micro-computerized tomography, which is a current imaging technique that provides
high-quality images and allows for qualitative and quantitative analysis of samples.
Results: Results of our study revealed that initial porosity values were 1.60%, 1.25%,
1.59% for the group 1, 2, 3,and 0.93%, 0.86 and 0.80 after SRP respectively. Although
Group 3 had the least surface roughness, there was no statistically significant dif-
ference between the groups. Cement loss following SRP was 47.15 umin the piezo
ultrasonic device group, 59.44 um in the ultrasonic device, and 134.163 um in the
Gracey-curette group respectively. The highest cement loss was seen in the Gracey-
curette group, and there was a significant difference between the three groups.
Conclusions: In conclusion, it was observed that surface roughness decreased and
similar surface roughness was obtained with all three methods, but more cementum
loss was observed with Gracey-curette. Therefore, ultrasonic devices appear to be a

viable alternative to manual instrumentation with curettes.
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1 | INTRODUCTION

Periodontitis, one of the common oral diseases in the world, is a chronic
inflammatory process characterized by periodontal pocket formation
and alveolar bone destruction. Early and efficient treatment of peri-
odontitis is necessary to prevent tooth loss due to bone destruction.
Bacterial plaque and calculus play a major role in the development and
progression of periodontitis. The main goal of the periodontal treat-
ment was the removal of supra and subgingival calculus and plaque de-
posits from tooth surfaces to prevent the progression of the disease.
Scaling and root planning (SRP), which target preparing a healthy and
smooth root surface is the basis of the periodontal treatment.

Root topography after instrumentation significantly affects the
success of the periodontal treatment. Smooth root surfaces have
clinical importance such as preventing the accumulation of bacterial
plaque and thus calculus formation? and facilitating gingival fibrous
tissue reattachment.® Several studies on plaque accumulation have
shown a positive correlation between root surface roughness and
plaque growth.* However, it is recommended to remove as little
tooth structure as possible in achieving a clean, smooth surface.’
Because, over the years, regular substance loss through SRP can
cause complications such as hypersensitivity by cumulative effect
and even become a serious problem affecting the survival of the
tooth.®

Various instruments such as hand instruments, power-driven
scalers (sonic and ultrasonic scalers) and currently piezoelectric
units have been used for SRP. According to some authors, hand in-
struments have some advantages such as obtaining decontaminate
and smooth root surface with better control over the instrument.”
However, SRP with hand instruments is time-consuming and the
efficacy of treatment depends on the operator's skills®? compared
with power-driven instruments. It is known that effective debride-
ment and preservation of the integrity of the tooth structure are
required for a successful periodontal treatment. However, it is still
unclear, which treatment model is the most effective in terms of
roughness values and the loss of tooth substances.”

Electron microscopes, surface profilometers, optical three-
dimensional (3D) laser scanners, stereoscopic microscopes have
been used in studies conducted to evaluate root surface roughness
until today.'® Increasing technological innovations have led to the
development of micro-computerized tomography (micro-CT), which
can examine the structures on micron levels. The most important
advantage of micro-CT is to be able to analyse the samples repeat-
edly without disruption, as well as providing high-resolution image
quality.11 It is possible to examine mineralized tissues such as teeth
and bone'? ceramics, polymers or biomaterials!®' directly with
micro-CT.

To our knowledge, there are no previously published studies
comparing surface properties with micro-CT following SRP with
three different instruments. Therefore, the purpose of this study
was to compare the effectiveness of three different instruments on
the cement loss and roughness of the root surface following SRP
using micro-CT.

2 | MATERIAL AND METHODS

This in-vitro study was approved by the Clinical Research Ethics
Committee of Ankara University, Faculty of Dentistry (Approval
no.:2020 14/07).

Sixty extracted single-rooted human maxillary and mandibular
incisor and canine teeth (decided to be extracted due to periodontal
disease) were used in this study. Before tooth extraction, detailed
anamnesis including the presence of systemic disease affecting the
cementum (hypothyroidism, vitamin deficiencies) was taken from
the patients. The selection criteria were: the absence of dental car-
ies; absence of root resorption; absence of any type of dental res-
toration and absence of systemic diseases affecting the cementum.
Extracted teeth were visually inspected for the evaluation of the
root surface, and teeth with excessive calculus deposition were not
included in the study.

All residual soft tissue attached to the root surface was gently re-
moved using a Gracey-curette 3/4 (Nordent). Unimportant calculus
on the root surface was not removed during sample preparation. For
disinfection, 5.25% NaOCI| was used for 2 h, and then the teeth were
stored in distilled water during the study. All samples were scanned
with micro-CT before and after SRP. The presence and continuity
of cement tissue was confirmed in the images of the first micro-CT
scan. After the first scanning procedure, samples were randomly
divided into 3 groups (n = 20 teeth per group). All teeth were in-
strumented by the same operator (FK) according to periodontal
treatment procedures as described by Zafar et al.®

Group 1: SRP was performed by 15 strokes in apicocoronal di-
rection for each surface using Gracey-curette 3/4 alone (Nordent).

Group 2: SRP was performed by 15 strokes from apical to cer-
vical direction using linear oscillations and a frequency of 30 kHz
under water cooling at medium speed using an ultrasonic device;
Woodpacker UDS-J with a scaler tip ‘P1’ (Guilin Woodpecker
Instrument Co.);

Group 3: SRP was performed by 15 strokes from apical to cer-
vical direction using linear oscillations and a frequency of 28 kHz
under water cooling at medium speed using a piezo ultrasonic de-

vice; Acteon Newtron Booster with a scaler tip ‘H1’ (Satalec®).

2.1 | Micro-CT evaluation

For the micro-CT evaluation of the presented study, a desktop mi-
cro-CT system (Bruker Skyscan 1275) in high resolution was used
for scanning the tooth samples. The scanning properties were in
the following: 100 kVp, 100-mA beam current, 0.5-mm Al/Cu fil-
ter, 10.1 um pixel size, rotation at 0.5 step. The air calibration of the
detector was performed before each scan to reduce ring artefacts.
Samples were rotated 360° within an integration time of 3 m. The
mean duration of scanning was approximately 120 m. Other set-
tings included beam-hardening correction, as described, and input
of optimal contrast limits according to the manufacturer's instruc-
tions, based on prior scanning and reconstruction of the samples.
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Each tooth was scanned two times before and after the application
of root scaling procedures to ensure standardization of the study

with the same scanning parameters.

2.2 | Micro-CT image analysis

The DataViewer software (version 1.5.6.2, SkyScan, Briiker), NRecon
(ver. 1.7.10.4, SkyScan) and CTAn (ver. 1.18.1.2, SkyScan) software
were used for the quantitative measurements and the visualiza-
tion of the samples, by using the NRecon software (Skyscan), the
images obtained by the scanner were reconstructed to show two-
dimensional slices of the roots. In total app. 1024 cross-sectional
images were reconstructed from the whole volume. First, the re-
constructed images were superimposed using DataViewer software
(version 1.5.6.2, SkyScan, Briiker; Figure 1). Reference points were
selected such as cusps of the teeth for superimposition of the teeth.
The tooth image before the SRP procedure (reference) and the tooth
image (after) SRP were superimposed, this generated a volume of
subtracting image. This image represented the area and volume of
the cement deformation caused by the scaling procedures (Figure 2).
Moreover, The CTAnN (Skyscan, Kontich, Belgium) software was used
for the three-dimensional volumetric visualization, analysis, and vol-
ume of the root canal measurement. A region of interest (ROI) was
drawn to include the entire specimen within the sample using CTAn

software, which all specifications of the programme were used to

Target dataset Reference dataset

drfatma_sample_01_rec  drfatma_sample_01_rec
0 " i
& = 4

FIGURE 1 Figure showing the reconstruction and superimposition of pre- and post-scaling micro-CT images
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analyse. The ROIs were starting from the lower 1/3 of the enamel
and upper 1/3 of the cement (app. 1.5 x 1.5 cm) and also from the
outer enamel/cement surface extending to app. 150 pm. All ROIs
were cement regions, and changes in the structure could occur after
root scaling techniques (Figure 3). Following parameters were calcu-
lated by CTAn (Bruker micro-CT) as; cement morphological changes
(loss of cement/pm) and also porosity of the teeth.

Moreover, in this study, the porosity of the teeth was analysed
from the segmented voxel images of designated ROI. The total area
of porosity was calculated as the whole area of all pores (open and
closed) as a percentage of the total ROI, in this case within the
1.5 x 1.5 cm ROI. The total porosity was calculated as a percent-
age of the overall volume using CTAn software. The reconstructed
images were also further processed in Skyscan CTVox (ver. 3.3.0,

SkyScan) for visualization (Skyscan).

2.3 | Statistically analysis

SPSS 17.0 (SPSS Inc.) statistical analysis programme was used to
carry out data analysis in this study. The Kolmogorov-Smirnov
analysis has been used to test normality assumption. According
to this analysis, data did not provide normality assumption
so as a non-parametric test Kruskal-Wallis H test has been
used for data analysis. Statistical significance level in this study p
was set to <0.05.
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FIGURE 2 Representative images of area and volume of cement deformation after superimpostion of pre- and post-images calculated
with micro-CT - in 3D. Difference of overlap of images -red areas indicate the loss

3 | RESULTS

Table 1 shows the cement loss scores (um). The lowest cement loss
was noted in the group treated with the piezo ultrasonic device
(47.15 pm) whereas the cement loss was 59.44 um in the ultrasonic
device and 134.163 um in the Gracey-curette group, respectively.
The results showed a significant difference between the three
groups.

Table 2 shows the mean changes in the value of surface poros-
ity. The initial porosity values were 1.60%, 1.25%, 1.59% for the
groups, respectively, and there was a significant difference between
the groups. After SRP procedure these values were 0.93%, 0.86%,
0.80%, respectively. Although Group 3 had the least surface rough-
ness, there was no statistically significant difference between the
groups. Paired-group comparisons were shown a statistically sig-
nificant difference between the groups after SRP. On the contrary,
when the surface roughness was examined, the statistically signif-
icant difference between the groups at the beginning disappeared
at the end of the SRP, and similar porosity values were found in all

3 groups (Table 3).

4 | DISCUSSION

Non-surgical periodontal therapy using hand instruments and ul-

trasonic scalers plays a vital role in the management of periodontal

disease. However, the ideal treatment should ensure that all sub-
stances are removed from the root surfaces without any iatrogenic
effect. This study aimed to compare the cement loss and the rough-
ness on root surface morphology caused by different instruments
used in non-surgical periodontal therapy. Studies have shown that
the determination of the type of assessment and analysis area di-

rectly affects the results.*'® Most of the studies in the literature

17-20

evaluated the defect depth and defect volume caused by the ap-

plications performed with the air-dust system. There are also stud-

d,18'21'22

ies evaluating the amount of tooth tissue remove surface

2325 and scoring the smoothness and cleanliness of the

24,30,31

roughness

surface.?® For this purpose, SEM, 27?7 profilometry, electron

17,32

probe made with microanalysis device confocal laser scanning

2229 three-dimensional laser scan-

microscope,?? light microscope,
ner®33% and micro-CT.%°

Micro-CT analysis has started to be used because it is a non-
destructive analytical method that provides objective data.
Specimens can be examined both quantitatively and qualitatively;
volumes can be calculated with dedicated software, whilst it is also
possible to localize specific details with visual image analysis. This
technology is capable of distinguishing filling materials, voids, and
tooth structures with high accuracy and spatial resolution.%®

To the best of our knowledge, there are no previously pub-
lished studies comparing surface properties with micro-CT follow-
ing SRP with three different instruments. Hence it was considered

worthwhile to compares SRP using Micro-CT other than previous
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FIGURE 3 (A) Axial section of pre- and post-micro-CT, (B)
Selection oF ROI-red indicates loss, (C,D). After reconstruction,
the region was determined and upper/lower analysis limits were
established. The cement loss areas were determined from the
remaining images, and regions of interest were selected for micro-
CT evaluation

TABLE 1 Cement loss scores of three groups pre- and post-SRP

Mean loss of cement

Groups um + SD Sig
Pre-SRP Group 1 0.51 + 1.59 0.53
Group 2 1.65+4.16
Group 3 1.66 + 4.60
Post-SRP Group 1 134.16 + 15.72 0.00
Group 2 59.44 + 16.19
Group 3 4715 +11.44

Bold value indicates p<0.05.

methodologies (profilometer, laser doppler or scanning electron mi-
croscope evaluation).

The obtained results of the current study showed that amongst
the three instruments used in SRP (namely Gracey-curette, ultra-
sonic device and piezo ultrasonic device) the smoothest surface was
obtained by the piezo ultrasonic device and the cement loss was the
least in this group. However, the highest cement loss was seen in
the Gracey-curette group. In various studies, a greater amount of
root substance removal and morphological changes have been ob-
served after SRP with Gracey-curette.>3¢4° Similar to our findings,
Graetz et al.*! also reported a greater loss of root material following
SRP in the Gracey-curette group. Kawashima et al.* also suggested
that piezoelectric ultrasonic devices provide a smooth surface with

|15

minimal tooth material loss. On the contrary, Zafar et al.”> showed
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TABLE 2 Mean changes in the value of surface porosity pre- and
post-SRP

Mean surface porosity

Groups % + SD Sig
Pre-SRP Group 1 1.60 +0.22 0.00
Group 2 1.25+0.24
Group 3 1.59 + 0.34
Post-SRP Group 1 0.93 +2.01 0.94
Group 2 0.86 + 0.05
Group 3 0.80 + 0.01

Bold value indicates p<0.05.

TABLE 3 Intergroup comparison of cement loss and porosity

Groups Mean + SD Sig
Pre-SRP
Loss of cement Group 1.14 +1.17 0.59
(um) 1-2
Group 114 +1.17 0.59
1-3
Group 0.05+1.17 1.00
2-3
Porosity (%) Group 0.35+0.08 0.000
1-2
Group 0.00 +0.08 0.000
1-3
Group 0.34 + 0.08 0.000
2-3
Post-SRP
Loss of Group 74.72 + 4.61 0.00
cement(um) 1-2
Group 87.00 +4.61 0.00
1-3
Group 12.28 + 4.61 0.02
2-3
Porosity(%) Group 0.07 + 0.36 0.97
1-2
Group 0.12 + 0.36 0.98
1-3
Group 0.05+0.36 0.98
2-3

Bold values indicates p<0.05.

that the surface roughness is less after SRP with hand instruments.
Studies reporting better surface roughness with Gracey-curettes
suggested that this may be because curettes facilitate better tac-
tile proprioception and controlled movement for the operator.’®
However, after SRP with Gracey-curettes, working strokes over-
lapping with sharp-edged curettes, as well as the application force
applied by the practitioner, can result in greater loss of substance at
the root surfaces and greater root surface roughness. On the other
hand, power-driven devices require light pressure as the mechanism

of action is based on both tip vibration and cavitation effect.'®
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The roughness of root surface after SRP is an important pa-
rameter, as the smooth surfaces that appear following mechan-
ical debridement have clinical importance such as preventing
bacterial plaque re-accumulation and calculus formation, facili-
tating gingival fibrous tissue re-adhesion.?%43#% Surface rough-
ness decreases as the calculus and pathological cementum are
removed after SRP procedures. However, the superiority of the
instruments used in SRP in surface roughness is still controversial.
Several studies have suggested that hand instruments are more
effective in smoothing the surface than ultrasonic instruments,
whereas several studies have shown the opposite. In our study,
surface roughness decreased in all groups following SRP. Although
the most decrease in roughness was observed in the piezo ultra-
sonic device group, no significant difference was found between
the groups. Post-treatment surface roughness percentages after
treatment were similar in all three groups.

Santos et al.®®

compared the roughness and root surface prop-
erties of teeth after SRP with a piezoelectric ultrasonic device,
magnetostrictive ultrasonic device, hand tools and untreated
teeth. Similar to our findings, the researchers have concluded that
curettes removed more root surface material from ultrasonic de-
vices and ultrasonic devices also created a smooth root surface.
Solis Moreno et al.*¢ has shown that piezoelectric devices reduce
the surface roughness more than the piezo-ceramic ultrasonic
scaler, curettes and finishing diamond burs. Besides, it was empha-
sized that the piezoelectric device provides better results, such as
less damage and minimal roughness, compared to traditional ultra-
sonic scalers as shown in previous studies.*®*”4? Similar results
have been showing that ultrasonic instruments were superior to
hand curettes®%-52

On the contrary, several authors have reported that manual in-
struments leave a smoother surface compared to ultrasonic devices.
Busslinger et al.>s compared a piezoelectric scaler with a magneto-
strictive scaler and a manual curette and found the highest Ra val-
ues with the piezoelectric device. The researchers concluded that
the piezoelectric ultrasonic scaler was more efficient at removing
calculus but leaves the tooth surface rougher than the magnetostric-
tive scaler and curettes. Zafar et al.'> showed that Gracey-curettes
are slightly less efficient than ultrasonic scalers in terms of surface
roughness, but there is no significant difference between them.
Besides, in a study conducted by scanning electron microscopy, it
was suggested that in vivo root treatment with curettes or ultra-
sonic devices caused a similar reduction in roughness, whilst deep
root grooves were produced by curettes, ultrasonic devices left a
smoother surface.®

The evaluation methods may be responsible for the differences
in the results of the available studies. Whilst arithmetic results can
be obtained with profilometer, only two-dimensional information
can be provided. On the other hand, SEM analysis provides non-
arithmetic results about the examined sections. The advantage of the
micro-CT method used in our study is that the entire scanned root
surface can be evaluated with high-resolution three-dimensional
images and at the same time qualitative analysis can be performed.

It is generally assumed that less-experienced operators tend
to work with a higher-powered device or apply higher pressure to
achieve higher efficiency,54 thus producing more unintentional root
surface damage. In our study, all SRP procedures were performed
by a single experienced clinician to eliminate such factors. Besides,
since the results of a recently published study®® showed the effect
of the difference in tip design on the surface roughness, we used
similar tip types and power mode in ultrasonic and piezo ultrasonic
devices in our study.

Aspirello et al*® have shown that manual and ultrasonic instru-
mentation, both alone and in combination, causes several morpho-
logical changes on the root surface. It has been shown that combined
instrumentation enables successful decontamination of root sur-
faces in less time than one-handed instrumentation. In this study,
where we evaluated the effects of different tools used in mechanical
debridement on tooth surface, the absence of a group in which hand
tools and power-driven instruments were used in combination may
be a limitation of our study.

The measurements in previous studies were made by referring to
the non-applied surface”*?
before and after the appIication.20’34'5"”57 It should be stated that a

or by the superimposition of the images

three-dimensional laser scanner is an imaging method that allows
determining the difference between two images by overlapping
the images before and after the application. However, its success
is reduced when visualizing reflector surfaces such as teeth. The
scattering of the laser beam on surfaces such as teeth, metal and
ceramics causes a loss of resolution.’® For this reason, it is necessary
to create plaster replicas by taking silicone measurements from the
samples before and after the application. In this study, the mean loss
of cement, mean surface porosity was calculated, which can be an
alternative method for making comparisons of effects of different
instrumentation techniques on root surface.

In conclusion, within the limits of this study, it was observed
that surface roughness decreased, and similar surface roughness
was obtained with all three methods, but more cementum loss was
observed with Gracey-curette. Therefore, ultrasonic devices appear
to be a viable alternative to manual instrumentation with curettes.
However, in this in-vitro study we conducted, extracted teeth were
used and full simulation of the oral environment was not possible.
It should not be ignored that complex oral environmental factors
such as temperature, saliva and pH can also affect the functional ef-
fectiveness of the instruments. Therefore, more clinical studies are

needed to address these issues.

5 | CLINICAL RELEVANCE

5.1 | Scientificrole

Although various instruments have been used for SRP, it is still un-
clear that instrument is the most effective in terms of roughness val-
ues and the loss of tooth substances. In addition, clinicians should
evaluate and follow up the clinical effects of different instruments
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used with current methods. The aim of this study was to examine
the effects of different instruments on the root surface morphology

using micro-CT.

5.2 | Principle findings
In this study, it was observed that the highest cement loss on the
root surface was observed in the Gracey-curette group, whilst root

surface roughness decreased in all instruments.

5.3 | Practical implication

The results of this study show that piezo ultrasonic devices are a
suitable alternative to manual instrumentation, with less cement loss
and similar roughness results. Considering that SRP with hand tools
is time-consuming and the effectiveness of the treatment depends
on the operators’ skills, piezo ultrasonic devices will offer patients

more comfortable treatment with their advantages.
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