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INTRODUCTION

Scaling and root planing (SRP) with manual 
instruments is the most established treatment of 
periodontal disease and has been shown to be effective in 
stabilizing its clinical parameters (1,2). However, manual 
scaling has some limitations when used in difficult-to-
reach areas such as deep pockets and furcation lesions 
(3), namely the dependence on the operator’s manual 
skills (4), reports of patient discomfort (5), excessive 
removal of dental tissue (3) and formation of smear layer, 
which  impairs periodontal regeneration (6). 

As a result, other tools have been developed 
to optimize the treatment of periodontitis, among 
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which ultrasonic scaling and high-intensity lasers. 
Two types of ultrasonic devices are available in the 
market: piezoelectric and magnetostrictive sclaers, 
which differ according to instrument tip movement. The 
magnetostrictive ultrasound tip movement consists of a 
wave motion and piezoelectric ultrasonic tip has linear 
movements (7,8). A study conducted with a piezoelectric 
ultrasonic device showed that it effectively removed  
dental calculus with less damage to the root surfaces 
compared to magnetostrictive ultrasonic and manual 
scaling (9). Additionally, clinical studies have shown 
that piezoelectric ultrasonic devices are effective in 
controlling periodontal disease when applied to non-
surgical periodontal therapy (1,7) or during supportive 
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periodontal therapy (5).
Among the high-intensity lasers, the Er,Cr:YSGG 

laser has demonstrated good dental calculus removal and 
smear layer removal without causing thermal damage 
to the root surfaces in in vitro studies (10,11). The 
wavelength (2.78 mm) renders this laser a high degree 
of absorption by water, acting through the vaporization 
of water from the mineralized tissues, which reduces its 
thermal effects that may cause damage to the dental pulp, 
especially when not used under cooling (12). However, 
there are no studies making a direct comparison of the 
morphology and the biocompatibility of root surface 
irradiation with Er,Cr:YSGG and instrumented with 
piezoelectric ultrasonic devices.

This study used scanning electron microscopy 
(SEM) to evaluate the morphology and adhesion of blood 
components on root surfaces instrumented by curettes, 
piezoelectric ultrasonic scaler and Er,Cr:YSGG laser.

MATERIAL AND METHODS

This study used 25 single- or multi-rooted teeth 
from nonsmoking patients, extracted due to severe 
periodontal disease (attachment loss of more than one 
third of the root). These teeth were obtained from the 
Department of Diagnosis and Surgery, Araraquara Dental 
School, UNESP, after the patients read and signed the 
donation form.

Sample Preparation

After extraction, the teeth were washed in distilled 
water to remove blood and other deposits and kept at 
room temperature in a phosphate buffer solution pH 7.0 
(PBS), to keep the teeth hydrated up to the experiment.

The mesial and distal cervical third of the roots 
of these teeth were bordered by two parallel grooves 
performed using a carbide multiblade drill (577L; KG 
Sorensen, Barueri, SP, Brazil). The first groove was made 
at the cementoenamel junction, whereas the second was 
5 mm distant on the root surface in the apical direction 
from the first groove. The areas bounded by the ridges 
were treated using curettes, piezoelectric ultrasonic 
scaler or laser irradiation, by a single operator. Then, a 
slow-rotating diamond-coated disk was used to section 
the teeth. The roots were crosscut in the first groove 
separating them from the crown, and were cut lengthwise 
in the buccolingual direction and then in the mesiodistal 
direction until the second grove was reached apically. 

The samples were crosscut and separated into 2 samples 
of about 2 mm x 2 mm in the mesial and distal surfaces, 
to examine adhesion of blood components and root 
surface morphology on the same root face, totalizing 4 
specimens per tooth and hence 100 specimens, which 
were divided into 5 groups of 20 specimens each.

In group 1, the samples were treated by SRP, 
comprising 50 traction movements in the cervical-
occlusal direction with a hand curettes (Gracey curette 
#5-6; Hu-Friedy, Chicago, IL, USA). In group 2, the 
samples were instrumented with piezoelectric ultrasonic 
scaler (Piezon Master Surgery; Electro Medical Systems, 
Nyon, Genebra, Switzerland) with a RS3 tip, standard 
mode, 30 kHz power, with a water rate of 30 mL/min 
for 30 s. In group 3, the samples were treated by SRP, 
comprising 50 traction movements in the cervical-
occlusal direction with a hand curettes (Gracey curette 
#5-6; Hu-Friedy) combined with piezoelectric ultrasonic 
instrumentation (Piezon Master Surgery; Electro 
Medical Systems) with a RS3 tip, standard mode, 30 
kHz power, with a water rate of 30 mL/min for 30 s. In 
group 4, the samples were irradiated by Er,Cr:YSGG 
laser (Waterlase YSGG; BIOLASE Technology, San 
Clemente, CA, USA) with a 2.78 μm wavelength 
and a sapphire tip (G4; size 600 μm; length of 4 mm; 
transmission factor of 100%), with 1.0 W power and 
20 Hz frequency (140-150 μs), irrigated with 10% air 
and 15% water for 30 s (29.99 J/cm2/pulse). The root 
was scanned in non-contact mode, at 45º angulation 
to the surface. In group 5, the samples were treated by 
SRP, comprising 50 traction movements in the cervical-
occlusal direction with a manual curette (Gracey curette 
#5-6, Hu-Friedy) and irradiated by Er,Cr:YSGG laser 
(Waterlase YSGG; BIOLASE Technology) with a 2.78 
μm wavelength with a sapphire tip (G4; size 600 μm 
sapphire; length of 4 mm; transmission factor of 100%), 
1.0 W power and 20 Hz frequency (140-150 μs), irrigated 
with 10% air and 15% water for 30 s (29.99 J/cm2/
pulse). The root was scanned in non-contact mode, at 
45º angulation to the surface.

All treatments were performed by a single trained 
operator. Next, 10 specimens from each group were 
subject to blood deposition and the remaining 10 of each 
group were morphologically evaluated. All specimens 
were examined by scanning electron microscopy (SEM).

Preparation for Analysis of Root Surface Morphology

For root surface morphology analysis, the samples 
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were dehydrated in an ascending series of ethyl alcohols 
(25, 50, 75, 95 and 100%), remaining 1 h in each 
solution. After this procedure, the samples were placed 
in acrylic plates, which received a hexamethyldisilazane 
(HMDS) application. First, each well received 0.8 μL 
of HMDS + 0.8 μL of absolute alcohol, measured by an 
automatic pipette (Boeco, Hamburg, Germany), where 
the specimens remained for 30 min. The solution was 
then removed and the wells were filled with 1 mL of pure 
HMDS and the specimens remained there for 10 min.

The specimens were bench dried for 20 min. After 
drying, by a carbon dioxide critical point apparatus, 
the specimens were fixed on metal stubs and placed 
in a vacuum desiccator for 48 h. After this period, the 
samples were sputter-coated with gold in a Bal-Tec 
SCD-050 device (Bal-Tec, GmbH, Witten, Germany) for 
120 s and examined in a scanning electron microscope 
(Jeol JSM-330; Jeol, Tokyo, Japan) operated at 20 kV. 
SEM micrographs were taken with Fuji Neopan SS 120 
film (Fuji Photo Film Co., Tokyo, Japan) under ×1000 
and ×2000 magnifications. The SEM micrographs 
were analyzed by a previously trained blinded single 
operator, who described the morphology of the root 
surfaces with the modified index for the morphological 
analysis: 1= unchanged surface; 2= smooth surface; 3= 
rougher surface.

Preparation for Adhesion of Blood Components

For the analysis of adhesion of blood components 
on root surface, 10 mL of blood tissue were obtained from 
the peripheral vascularization of an adult nonsmoking 
patient, without systemic involvement, through puncture 
with a disposable syringe and needle. This produced was 
carried out at the School of Pharmaceutical Sciences 
of Araraquara, UNESP, after the patient had signed an 
informed consent form.

In all experimental groups, using a syringe and 
needle, blood was deposited on these specimens and 
maintained in a humidifier chamber for 20 min.  Next, 
they were washed 3 times, for 5 min each time, with a 
PBS solution pH 7.0 in a shaker. Next, the specimens 
were identified and fixed in 1% formaldehyde and 
phosphate buffer solution for 15 min. After washing 3 
times for 5 min each with a phosphate buffer solution, 
they were incubated for 10 min in 0.02 M glycine and 
phosphate buffer solution and washed again. They 
were then fixed in 2.5% glutaraldehyde and phosphate 
buffer solution for 30 min and were washed again. The 

specimens were dehydrated in solutions of increasing 
ethyl alcohol concentrations of 25, 50, 75 and 95%, for 
10 min in each concentration prior to washing three 
times for 10 min each in absolute ethyl alcohol. After 
drying, in a carbon dioxide critical point apparatus, 
the specimens were fixed on metal stubs and placed 
in a vacuum desiccator for 48 h. After this period, the 
samples were sputter-coated with gold (Bal-Tec SCD-
050 device) for 120 s and examined in a scanning 
electron microscope (Jeol JSM-330; Jeol) operated at 20 
kV. SEM micrographs were taken with Fuji Neopan SS 
120 film under ×1000 and ×2000 magnifications. The 
SEM micrographs were analyzed by a previously trained 
blinded single operator, who described the adhesion of 
blood components using the Blood Component Adhesion 
Index (6): 0 =absence of a fibrin network and blood 
cells; 1= scarce fibrin network and/or blood cells; 2= 
moderate fibrin network and moderate quantity of blood 
cells; 3= dense fibrin network and trapped blood cells.

Statistical Analysis

The software Bioestat 5.0 (Fundação Mamirauá, 
Belém, PA, Brazil) was used for statistical analysis. The 
statistical differences among the groups for analysis of 
root morphology and adhesion of blood components 
were evaluated by the Kruskal-Wallis nonparametric 
test. The Mann-Whitney nonparametric test was used 
to identify the statistically significant differences among  
the groups. The tests used in this study were applied 
with a significance level of 5%.

RESULTS

Analysis of Root Surface Morphology by SEM

Figure 1A-E shows a panel of SEM micrographs 
illustrating the results of the root surface morphology 
analysis in the 5 groups.

Group 1 (SRP) - The SEM micrographs of the 
samples from this group showed smooth root surfaces 
in most cases (9 samples), only one sample showed an 
irregular surface (Fig. 1A). All samples showed the 
formation of smear layer and grooves without exposure 
of dentin tubules.

Group 2 (Piezoelectric ultrasonic scaler) - The 
root surface is rougher with the presence of grooves 
produced by the instrument, the presence of smear 
layer and occluded dentin tubules were the predominant 
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features of root morphology produced by the treatment 
using a piezoelectric ultrasonic scaler (80%), this pattern 
represents the score 3 (Fig. 1B). In 20% of the samples, 
a smooth root surface with the presence of smear layer 
and dentin tubules occluded was observed, and this 
pattern represents the score 2.

Group 3 (SRP + Piezoelectric ultrasonic scaler) 
- The pattern in this group was similar to that found in 
group 2, where most of the samples showed the score 3 
of root morphology, characterized by an irregular root 
surface, with the presence of grooves, smear layer and 
occluded dentin tubules (80%) (Fig. 1C). The other 

samples (20%) presented a smooth surface, with the 
presence of smear layer and occluded dentin tubules, a 
pattern characterized by score 2.

Group 4 (Er, Cr: YSGG) - The SEM micrographs 
of the samples in this group showed that all samples of 
the root surface were rough, with no smear layer, with 
open dentin tubules and the absence of thermal damage, 
and these characteristics represent the score 3 (Fig. 1D).

Group 5 (SRP + Er,Cr:YSGG laser) - The SEM 
micrographs of this group were similar to group 4, in 
which the root surfaces were significantly rough, with 
no smear layer, with open dentin tubules and with no 

Figure 1. Panel of SEM micrographs illustrating the results of 
the root surface morphology analysis in the 5 groups. A= Group 
1 (SRP). Smooth, flat and regular root surface with occluded 
dentin tubules and presence of smear layer (Score 2); B= Group 
2 (Piezoelectric ultrasonic scaler). Irregular root surface, with 
grooves, occluded dentin tubules and presence of smear layer 
(Score 3); C= Group 3 (SRP + Piezoelectric ultrasonic scaler). 
Irregular root surface with the presence of grooves, occluded 
dentin tubules and presence of smear layer (Score 3); D= Group 
4 (Er,Cr:YSGG laser). Irregular root surface with presence of 
microroughness, occluded dentin tubules and no smear layer 
(Score 3); E= Group 5 (SRP + Er,Cr:YSGG laser). Irregular root 
surface with microroughness, open dentin tubules and no smear 
layer (Score 3) (bar: 10 μm; original magnification: ×1000).
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thermal damage (Fig. 1E).
The Kruskal-Wallis test showed statistically 

significant differences between the groups for the 
morphology of the root surfaces (p<0.0001). The 
Mann-Whitney test showed that the group scaled with 
hand instruments presented smoother surfaces when 
compared to the groups that were instrumented with the 
piezoelectric ultrasonic scaler (Group 1 x Group 2, p = 
0.0082; Group 1 x Group 3, p = 0.0082) and Er,Cr:YSGG 
laser irradiation (Group 1 x Group 4, p = 0.0007; Group 
1 x Group 5, p = 0.0007). The root surfaces instrumented 
with the piezoelectric ultrasonic scaler and with the 

Er,Cr:YSGG laser, alone or in combination with hand 
curettes were statistically similar to each other.

Analysis of Adhesion of Blood Components by SEM

Figure 2A-E a panel of SEM micrographs 
illustrating the results of the analysis of adhesion of 
blood components in the 5 groups.

Group 1 (SRP) - In this group, most root surfaces 
(6 samples) received score 3 of adhesion of blood 
components, which represents a dense fibrin network 
with a great interlacing and trapped blood cells (Fig. 

Figure 2. Panel of SEM micrographs illustrating the results of the 
analysis of adhesion of blood components on root surface in the 
5 groups. A= Group 1 (SRP). Presence of dense fibrin network 
and a large number of cells adhered to root surface (Score 3); 
B= Group 2 (Piezoelectric ultrasonic scaler). Root surface with a 
great amount of blood cells interlacing in a dense fibrin network 
(Score 3); Group C= (SRP + Piezoelectric ultrasonic scaler). Root 
surface with dense fibrin network with great amounts of blood 
cells trapped (Score 3); D= Group 4 (Er,Cr:YSGG laser). Root 
surface covered by a dense fibrin network and presence of trapped 
blood cells (Score 3); E= Group 5 (SRP + Er,Cr:YSGG laser). 
Presence of blood cells trapped in a dense fibrin network in the 
root surface (Score 3) (bar: 10 μm; original magnification: ×1000).
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2A), which was followed by scores 1 and 2 (2 samples 
each) representing a scarce fibrin network and/or blood 
cells and a moderate number of blood cells and a thinner 
fibrin network with a small mesh, respectively. Samples 
with score 0 did not occur in this group. 

Group 2 (Piezoelectric ultrasonic scaler) - Half 
of the samples in this group were scored  3 due to the 
presence of a large adhesion of blood cells trapped in 
a dense fibrin network (Fig. 2B). Score 0 was given to 
40% of the samples, due to the lack of adherence of 
blood components. Ten percent of the samples were 
given score 1, which is characterized by scarce adhesion 
of blood cells trapped in a fine fibrin network.

Group 3 (SRP + Piezoelectric ultrasonic scaler) 
- Most samples in this group (40%) received score 2, 
indicating a moderate adherence of blood cells trapped in 
a fine fibrin network (Fig. 2C). The other samples were 
distributed equally between scores 3 and 1 (30% each), 
representing a large adhesion of blood cells trapped in a 
dense fibrin network and poor adhesion of blood cells 
trapped in a fine fibrin network, respectively.

Group 4 (Er,Cr:YSGG laser) - The samples of 
this group had higher frequency of score 3 (8 samples) 
showing a dense fibrin network with a great interlacing 
and trapped blood cells (Fig. 2D). The other samples 
received score 1 (1 sample), with the adhesion of scarce 
fibrin network and/or blood cells, and score 0 (1 sample) 
with no adhesion of fibrin network or blood cells.

Group 5 (SRP + Er,Cr:YSGG laser) - This group 
presented a higher frequency of score 3 for adhesion of 
blood components (5 samples), with a large adhesion of 
a dense fibrin network with great interlacing and trapped 
blood cells (Fig. 2E), followed by score 0 (3 samples), 
indicating no adhesion of blood components, and a 
score 1 (1 sample) and score 2 (1 sample), indicating an 
adhesion of a scarce fibrin network and/or blood cells 
and moderate amount of blood cells and fibrin network 
with little finer mesh occurred, respectively. 

The Kruskal-Wallis test showed no statistically 
significant differences among the groups (p = 0.39)  as 
to the adhesion of blood components on root surfaces.

DISCUSSION

Analyzing the results of root morphology, it was 
observed that the samples that were scaled with hand 
curettes were smooth, with the presence of the smear 
layer and  occluded dentin tubules. This pattern has 
been described in other studies (6,13). The root surfaces 

instrumented with piezoelectric ultrasonic scaler and 
the Er,Cr:YSGG laser were rougher when compared to  
those scaled with manual instruments. However, the 
Er,Cr:YSGG laser promoted root surfaces with no smear 
layer and open dentin tubules, confirming the results 
already described in the literature (10,11), while the 
piezoelectric ultrasonic device promoted root surfaces 
with smear layer and occluded dentin tubules, which is  
also consistent with other studies (4,14).

The differences found between the morphological 
patterns found with instrumentation using piezoelectric 
ultrasonic scaler and Er,Cr:YSGG laser can be explained 
by their different tissue removal mechanisms. The 
piezoelectric ultrasonic device promotes tissue removal 
by linear vibratory movements of the tip and the 
cavitational active effect of irrigation water (15), and the 
roughness presented on root surfaces are due the scratches 
produced by the lower contact surface of the tip with the 
root surface, compared to manual instruments (3). The 
Er,Cr:YSGG laser, on the other hand, produces dental 
tissue ablation due to the high light absorption by water 
molecules present in the interprismatic tissue between 
the hydroxyapatite crystals (10,16). These molecules 
evaporate quickly, causing tissue microexplosions and 
promoting the removal of hydroxyapatite crystals at 
temperatures below its melting point in a process called 
photomechanical ablation (12,16). In addition to this, 
in our study, the Er,Cr:YSGG laser irradiated dentin 
tissue. This tissue is histologically divided into 3 parts: 
peritubular, intertubular and tubular, which have different 
water concentrations. Ablation occurs more rapidly 
in the intertubular tissue, with higher concentrations 
of water, compared to peritubular and tubular tissue, 
thereby allowing the formation of rough surfaces (12).

An important clinical aspect is the presence of 
a smooth, hard and resistant root surface after manual 
scaling (17,18), but this pattern was not found in the 
present study when the piezoelectric ultrasonic scaler or 
Er,Cr:YSGG laser were used. Rough surfaces are related 
to higher biofilm accumulation, especially if these areas 
are located supragingivally (17). Because of this, the 
surfaces must be polished to avoid biofilm accumulation 
(18). Paradoxically, the subgingival rough areas can 
be beneficial to the healing of periodontal tissues, 
allowing the adhesion of a more stable fibrin network 
and the migration of fibroblasts and undifferentiated 
mesenchymal cells that will mediate the periodontal 
regeneration (6).

The results of adhesion of blood components 
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showed no statistically significant differences 
between groups, demonstrating that the piezoelectric 
ultrasonic scaler and the Er,Cr:YSGG laser promoted a 
biocompatible root surface, but not superior to manual 
scaling. These results may be due to the lack of dental 
calculus and the efficiency of these instruments to 
remove endotoxins (19), despite the presence of smear 
layer and roughness promoted by these devices. Another 
factor that might have be beneficial to the adhesion of 
blood components was the absence of thermal damage 
observed in the groups. Thermal damages that could 
form toxic products from protein degradation, such as 
cyanamide, are related to the low biocompatibility of 
root surfaces irradiated with other types of lasers (6).

The results of adherence of blood components 
in the present study can explain the good clinical 
results obtained in previous studies using Er,Cr:YSGG 
laser irradiation (20) and piezoelectric ultrasonic 
instrumentation (1,7), in which the clinical parameters 
of periodontal diseases were controlled. However, 
another study (14) demonstrated that the Er: YAG 
laser provided a greater adhesion of fibroblasts than 
ultrasonic instrumentation and manual scaling, unlike 
the present study in which the instrumentation techniques 
performed equally. However, one must take into account 
the different types of laser and ultrasonic devices and 
methodologies used in the studies to evaluate the 
biocompatibility of the root surfaces. It should be noted 
that the adherence of blood components to the root 
surfaces represents only the first stage of the healing 
process and thus further studies are needed to understand 
the in vitro effect of Er,Cr:YSGG laser irradiation and 
piezoelectric ultrasonic instrumentation on periodontal 
healing.

Considering the obtained results and the 
methodology used in this study, it may be concluded 
that piezoelectric ultrasonic instrumentation and laser 
irradiation with Er,Cr:YSGG laser, used alone or in 
combination with manual scaling, produced rougher 
root surfaces compared to scaling and root planing 
with curettes. However, despite the differences in root 
morphology, there were no differences in the adhesion 
of blood components among the treatments.

RESUMO

Esse estudo utilizou microscopia eletrônica de varredura (MEV) 
para avaliar a morfologia e a adesão de elementos sanguíneos em 
superfícies radiculares instrumentadas com curetas, ultrassom 
piezoelétrico e laser de Er,Cr:YSGG. Foram utilizadas no 

presente estudo 100 amostras provenientes de 25 dentes que 
foram divididas em 5 grupos: 1) Raspagem manual com curetas; 
2) Raspagem com ultrassom; 3) Associação instrumento manual 
e ultrassom; 4)Irradiação do laser de Er,Cr:YSGG;5)Associação 
raspagem manual com irradiação com laser de Er,Cr:YSGG. 
Dez amostras de cada grupo foram utilizadas para análise da 
morfologia e as outras 10 foram utilizadas para a análise de 
adesão de elementos sanguíneos. As eletromicrografias foram 
analisadas através dos escores de adesão de elementos sanguíneos 
e pelo índice de morfologia radicular e os resultados foram 
analisados estatisticamente através dos testes de Kruskall-Wallis 
e de Mann-Whitney com nível de significância de 5%. O grupo 
que foi tratado com instrumentos manuais apresentou superfície 
mais lisa em relação aos grupos que foram instrumentados 
com ultrassom e com o laser de Er,Cr:YSGG. As superfícies 
instrumentadas com ultrassom e com o laser de Er,Cr:YSGG de 
forma isolada ou associada a raspagem manual não apresentaram 
diferenças estatísticas entre si (p>0,05). Não houve diferenças 
estatísticas entre os grupos em relação a adesão de elementos 
sanguíneos(p>0,05). A instrumentação ultrassônica e a irradiação 
com o laser de Er,Cr:YSGG produziram superfícies radiculares 
mais rugosas em relação a raspagem com curetas, porém não 
houve diferenças entre os tratamentos com relação à adesão de 
elementos sanguíneos.
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