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ABSTRACT

Objective: The aim of the current study is to analyze the surface profiles of healthy and periodontal-treated roots. In addition,
manual and ultrasonic instrumentation methods have been compared in terms of surface mechanical properties of root surfaces
including surface roughness, hardness, and elastic modulus. Materials and Methods: This study was conducted using extracted
teeth that were randomly divided into two study groups (1 and 2). Root planing was performed using either Gracey curettes
(Group 1) or ultrasonic scaler (Group 2). The noncontact profilometer was used to analyze surface roughness before and after root
planing. A nanoindenter was used to analyze the surface mechanical properties. Results: The root planing treatment reduced the
peak and valley heights hence decreasing the surface roughness. The average maximum height of peaks (Sp) and average maximum
height of valleys (Sv) for control groups remain 83.08 = 18.47 um and 117.58 + 18.02 um. The Sp was reduced to 32.86 + 7.99 um
and 62.11 £16.07 um for Groups 1 and 2, respectively. The Sv was reduced t0 49.32 £29.51 um for Group 1 and 80.87 £ 17.99 um
Group 2. The nanohardness and modulus of elasticity for cementum of the control group remain 0.28 +0.13 GPaand 5.09 +2.67 GPa,
respectively. Conclusions: Gracey curettes and ultrasonic scalers are capable of significantly reducing the roughness following
root planing. Although Gracey curettes produced smoother surfaces than ultrasonic scalers, there was no significant difference.
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INTRODUCTION

There is a high prevalence of periodontal diseases
among the populations of developed as well as
developing countries. A majority of people suffer
from gingivitis in response to bacterial plaque and
progressing to periodontitis. Periodontitis is one of
the common oral diseases that lead to the destruction
of bone tissues and tooth loss. Timely and vigilant
management of periodontal conditions is necessary
to prevent the tooth loss due to irreversible bone
destruction. The successful management is based
on controlling the bacterial plaque and restricting
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of further progression of the disease.l! A variety
of treatment modalities such as conventional
nonsurgical procedures (scaling-root planning),
gingival curettage,? laser therapy,” and regenerative
approaches*®! can be indicated.

According to the American Academy of
Periodontology, the health of periodontal tissue
should be maintained using the least invasive
approaches.! Noninvasive periodontal treatment
procedures including scaling, root planing, and oral
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hygiene maintenance are widely practiced by dentists
and dental hygienists to manage the periodontal
conditions.? The scaling procedure involves
eradication of plaque, calculus, and stains from the
tooth crown and root surface. The root planing deals
with removal of infected root cementum and dentin
and preparing the root surfaces for reattachment
of periodontal tissues.” Although scaling and root
planing is a very demanding technique, its role in
controlling the gingival inflammation and bleeding
index is well-accepted.®

There is a variable tissues response to nonsurgical
treatments that are affected by various clinical factors
such as severity of disease. In general, a significant
reduction in the probing depth can be expected.’)
Therefore, scaling and root planing is considered
as the first line of treatment for the management of
periodontal treatment targeting to prepare health
and smooth root surface for the attachment of
delicate healing gingival tissues.!""! A variety of hand
instruments and sonic and ultrasonic scalers are used
for scaling and root planing.”! However, the surface
texture and surface mechanical properties can be
affected by the type of instrument."! The aim of this
study is to investigate the surface properties of healthy
and periodontally affected roots. In addition, the
effects of manual and ultrasonic instrumentation for
mechanical debridement of roots (root planing) have
been compared for surface properties.

MATERIALS AND METHODS

Sample preparation

This study was conducted using permanent human
teeth extracted due to periodontal reasons. Freshly
extracted teeth from anonymous patients were
included in the study. Teeth with carious lesion or
extraction trauma (4%) in the cervical area were
excluded from the study. For disinfection, all teeth
were cleaned to remove tissue remnants and treated
with sodium hypochlorite solution (5%) for 24 h. All
disinfected specimens were washed using copious
amount deionized distilled water. The crowns were
removed and teeth were randomly divided into two
groups and stored in normal saline until further
[Figure 1].

All specimens were fixed in jaw models in mannequin
heads (Dental care training manikin; Columbia
Dentoform) in a way that only cervical third was
available for instrumentation.
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Figure 1: Description of study groups

Periodontal instrumentation

All samples (Groups 1 and 2) were characterized
before any periodontal treatment and were considered
as control (controls 1 and 2). The proximal surfaces
(cervical third) were treated for periodontal
instrumentation. For Group 1, samples (n = 20) were
treated using Gracey curettes (11/12 Gracey Curettes,
Hu-Friedy, Chicago, IL, USA). Scaling movements
were performed using 15 strokes in apical-coronal
direction for each surface under investigation. All
samples were treated by one operator using the
standard curettes angle and force applications. Each
curette tip was used for five samples. Periodontal
instrumentation for Group 2 samples (n = 20) was
performed in exactly the same manners; however,
Gracey curettes were replaced by ultrasonic scaler
(PIEZO-soft ultrasonic scaler; KaVo Dental, Germany)
equipped with PIEZO Scaler Tip 201. The ultrasonic
instrumentation was performed using 15 strokes in
apical to cervical direction using linear oscillations
and a frequency of 30 kHz.

Surface roughness profilometry

The roughness profilometry was performed using
a noncontact surface profiling system (Bruker®
3D-optical ContourGT-K0) and methodology
described previously.'*"! Briefly, specimens were
mounted on the movable stage that can hold the
sample in various angles and manually adjustable
along X, Y, and Z axes.

Once specimen focused, Vision64™ operation and
analysis software was run to scan the surface roughness.
There is a range of parameter that can be calculated
using the software. The surface of each specimen
was scanned (five measurements) to get the average
surface area roughness. The data were collected in the
form of scanned surface micrographs, maximum peak
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height (Sp), maximum valley height (Sv), root mean
square of surface height (S5q), and arithmetical mean
of the surface height (Sa). All roughness data were
interpreted using SPSS software (Version 20, IBM,
New York, NY 10022, USA) and two-way analysis of
variance was used for statistical analysis.

Nanoindentation testing

Specimens were tested for hardness and elastic
modulus using a Hysitron (TI1 725 Ubi nanoindenter
[Hysitron, Minneapolis, MN 55344, USA] containing
a three-sided pyramidal Berkovich 142.3° diamond
probe) as described previously. The testing location
was focused using an optical camera (x10) and
indentation was performed using a force of 2 N. The
indentation force and displacement of the load-unload
cycle were used to calculate the absolute hardness.
The elastic modulus was calculated using the value of
reduced modulus (obtained from the nanoindentation
system) and Poisson’s ratio.

RESULTS

Surface roughness

To compare the surfaces roughness, the noncontact
surface profilometry of roots was performed before and
after root planing treatment. The data were collected
in the form of scanned surface micrographs, maximum
peak height (Sp), maximum valley height (Sv), root
mean square of surface height (Sq), and arithmetical
mean of the surface height (Sa). Characteristic
micrographs comparing surface roughness profiles
are shown in Figure 2.

In case of control group, the maximum surface peak
height was recorded at 92 um whereas the maximum
valley heights remained 132 um [Figure 2a]. The
root planing treatment (both for Group 1 and 2)
reduced the peak and valley heights, hence narrowing
the difference between them [Figure 2b and c]. The
quantitative data comparing the effects of root planing
treatment method on peak and valley heights have
been presented in Figure 3. A clear trend observed
in all study groups; the average maximum valley
height (Sv) was higher than corresponding average
maximum peak height (Sp). The average Sp and
Sv for control groups remain 83.08 + 18.47 um and
117.58 + 18.02 um, respectively. The root planning
treatment in Groups 1 and 2 reduced average Sp
and Sv significantly (P < 0.05). The Sp was reduced
t0 32.86 £7.99 um and 62.11 + 16.07 um for Groups 1
and 2, respectively [Figure 3]. The Sv was reduced to
—49.32 +29.51 um for Group 1 and 80.87 £17.99 um for
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Figure 2: Representative surface roughness micrographs; (a) control
(b) Group 1 (c) Group 2. Color-coded scale bar showing the range of
surface peaks and valleys

Group 2. The Group 1 samples showed more decrease
in the Sp and Sv compared to Group 2; however, the
difference was not significant (P > 0.05).

The average of root mean square surface height (Sq)
and arithmetical mean of the surface height (Sa)
showed trends similar to Sp and Sv data. The Sa for
the control group was 8.48 + 2.73 um and reduced
to 3.09 £ 0.72 um for Group 1 and 5.13 £ 1.05 um for
Group 2. The Sq values were generally higher than
Sa. The Sq for the control group was 12.61 + 3.78 um
and reduced to 4.79 £ 1.10 pm for Group 1 and
7.10£1.13 um for Group 2 [Figure 4]. The root planing
treatment (Groups 1 and 2) resulted in the reduction of
surface roughness significantly (P <0.05) as compared
to the control group. Group 1 showed better surface
roughness compared to Group 2; however, the
difference was insignificant (P > 0.05).

Nanoindentation

The surface hardness and elastic modulus of cementum
for the control group remain 0.28 + 0.13 GPa and
5.09 £2.67 GPa, respectively [Table 1]. The root planing
treatment resulted in the increase in the hardness and
elastic modulus, but changes remain insignificant.
The hardness of cementum after root planing
treatment was 0.37 + 0.16 GPa and 0.44 + 0.18 GPa
for Groups 1 and 2, respectively [Table 1]. The elastic
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Figure 3: Comparison of maximum peak height (Sp), maximum valley
height (Sv) corresponding to various root planing treatments

Table 1: Nanoindentation of cervical root cementum
before and after root planing treatment

Hardness (GPa) Elastic modulus (GPa)
Control 0.28+0.13 5.09+2.67
Group 1 0.37+0.16 6.32+2.70
Group 2 0.44+0.18 6.57+2.77

modulus of cementum after root planing treatment
was increased to 6.32 £ 2.70 GPa and 6.57 + 2.77 GPa
for Groups 1 and 2, respectively.

DISCUSSION

Mechanical debridement using hand instruments and
ultrasonic scalers plays a vital role in the management
of periodontal diseases. In addition, smooth surface
following mechanical debridement is essential to
facilitate gingival fibrous tissue reattachment.'™ The
smooth root surfaces are of clinical significance such
as easy to clean, prevent bacterial plaque redepositing
and calculus formation.!® In addition to physiological
tissues healing, surface features are also important for
tissue regeneration.>”!

The efficiency of the scaling instrument to produce
smooth surface is an important parameter. The
current study has compared manual instruments
(Gracey curettes) and ultrasonic scaler in terms of
final surface smoothness following root planing.
The surface roughness was significantly reduced
following root planing treatment. Root surface
cementum becomes rough due to uneven deposition
of bacterial plaque and calculus and degeneration
of cementum tissues. The mechanical debridement
removes uneven calculus, pathological cementum
and results in smoothening of root surface, hence
reducing the surface roughness.’!!
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Figure 4: Comparison of root mean square of surface height (Sq) and
arithmetical mean of the surface height (Sa) corresponding to various
root planing treatments

The Gracey curettes improved surface smoothness
compared to ultrasonic scalers. This may be due to
the fact that Gracey curettes facilitate better tactile
proprioception and controlled movement to the
operator. The ultrasonic instruments work on the
principle of vibrational forces that may introduce new
surface features following root planing.®! The concept
that root surface features can be affected by various
periodontal instruments is not new. A number of
studies!”” suggested that hand instruments are more
efficient in smoothening of the surface compared to
ultrasonic instruments. On the other hand, a number
of researches reported ultrasonic scalers better in terms
of surface smoothening./ In the current study, Gracey
curettes reduced the surface roughness, maximum
peak, and valley heights compared to untreated roots
[Figures 2 and 3]. In terms of surface roughness, the
ultrasonic scalers smoothened the surfaces slightly
less efficient than Gracey curettes.

The cementum is a delicate tissue that covers the
root part of tooth. The surface mechanical properties
of cementum can be affected by various factors such
as fluoride, moisture, and external forces.?'! We
have compared the effects of manual and ultrasonic
instrumentation on hardness and elastic moduli of
cementum. The cementum hardness (0.28 + 0.13 GPa)
and elastic moduli (5.09 +2.67 GPa) that are in closely
similar to hardness and elastic modulus previously
reported for permanent teeth” and deciduous teeth.*!
These findings suggested that hardness and elastic
modulus are not affected by periodontal diseases that
are in agreement with the previous studies.?"

The root planing treatment resulted in a minor increase
in the hardness and elastic modulus of cementum. The
removal of affected surface cementum may expose
inner cementum or even root dentin and likely to
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increase the hardness and elastic modulus.” The
exposed surface may have variable inorganic contents
hence altering the hardness; increase inorganic
contents are known to reinforce the hardness and
elastic moduli."*#! Another contributory factor
affecting the cementum hardness is moisture contents
as drying can increase the hardness of cementum
significantly.”»*! During the root planing, treatment
on extracted teeth is likely to loss of moisture from
the planed surfaces, hence increasing the hardness
and modulus.

This is an in vitro study conducted using extracted
teeth; hence, the exact simulation of the oral
environment was not possible. Clinically, the complex
oral environmental factors such as temperature, saliva,
and pH can affect the functional efficacy of scaling
instruments. Surface properties can easily be affected
by a variety of variations such as technique, structural
variations, operator factor, instrument designs, and
manipulation. More clinical studies are needed to
address these issues.

CONCLUSIONS

The Gracey curettes and ultrasonic scalers are capable
of reducing roughness significantly following root
planing treatment. Although Gracey curettes produced
smoother surfaces than ultrasonic scalers, there was
no significant difference. In terms of hardness and
modulus of elasticity, periodontal diseases and root
planing do not change significantly. Considering the
known importance of root surface characteristics, any
instrumentation thatis likely to create excessively rough
surface must be avoided. A uniformly smooth surface
is likely to facilitate batter adhesion and healing of
periodontal tissues following mechanical debridement.
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