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Ultramorphology of the root surface subsequent 
to hand-ultrasonic simultaneous instrumentation 
during non-surgical periodontal treatments. An 
in vitro study
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Objective: The purpose of this study was to investigate the ultramorphology of the root 
surfaces induced by mechanical instrumentation performed using conventional curettes 

or piezoelectric scalers when used single-handedly or with a combined technique. Material 
and Methods: Thirty single-rooted teeth were selected and divided into 3 groups: Group 
A, instrumentation with curettes; Group B instrumentation with titanium nitride coated 
periodontal tip mounted in a piezoelectric handpiece; Group C, combined technique with 
curette/ultrasonic piezoelectric instrumentation. The specimens were processed and analyzed 
using confocal and scanning electron microscopy. Differences between the different groups 
of instrumentation were determined using Pearson’s χ2 with significance predetermined at 
α=0.001. Results: Periodontal scaling and root planing performed with curettes, ultrasonic 
or combined instrumentation induced several morphological changes on the root surface. 
The curettes produced a compact and thick multilayered smear layer, while the morphology 
of the root surfaces after ultrasonic scaler treatment appeared irregular with few grooves 
and a thin smear layer. The combination of curette/ultrasonic instrumentation showed 
exposed root dentin tubules with a surface morphology characterized by the presence of 
very few grooves and slender remnants of smear layer which only partially covered the 
root dentin. In some cases, it was also possible to observe areas with exposed collagen 
fibrils. Conclusions: The curette-ultrasonic simultaneous instrumentation may combine the 
beneficial effects of each instrument in a single technique creating a root surface relatively 
free from the physical barrier of smear layer and dentin tubules orifices partial occlusion.

Key words: Cementum. Periodontics. Scaling. Smear layer. Microscopy electron scanning. 
Confocal laser scanning microscopy.

INTRODUCTION

Periodontal disease is characterized by chronic 
inflammatory processes caused by the presence of 
specific pathogen microorganisms, which trigger 
host response, progressive destruction of alveolar 
bone and apical migration of connective and 
epithelial attachments over time1,8.

These pathogenic microorganisms secrete 

endotoxins that are absorbed by the root hard 
tissues. Removal of the endotoxins, bacteria and 
calculus in affected tissues is recommended to 
control the inflammation and help the healing of 
gingival structures3,17.

The main treatment modality for periodontal 
health is scaling and root planing either during 
surgical intervention or in a non-surgical approach 
with the endpoint of producing a root that is 
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biologically acceptable for healing processes6,24.
These mechanical  procedures may be 

accomplished by using sonic, ultrasonic and 
manual instruments with the intention of removing 
the subgingival biofilm, calculus and endotoxins 
from the root surface9,24 and also to accomplish a 
maintainable shift in microbiota12. It is frequently 
necessary that even infected cementum and dentin 
needs to be removed when the toxic products and 
bacteria have penetrated into tissue4,9-11. Moreover, 
calcification of the bacterial biofilm left on the root 
surface during scaling and root-planing, which is 
composed primarily of calcium phosphate mineral 
salts deposited between and within remnants of 
formerly viable microorganisms, may increase the 
risk for plaque retention and attachment loss26.

It is well known that scaling and root planing 
creates a layer of organic and mineralized debris 
known as the smear layer that covers the surface 
of the instrumented roots and occludes the dentin 
tubules2,14,23.

The thickness of this smear layer usually 
ranges from 2-15 μm5 and it might be considered 
a contaminated physical barrier between the 
periodontal tissues and the root surface13,17,20. 
Ideally the procedures of scaling and root planning 
should leave smooth root surfaces, relatively free of 
smear layer and any associated calculus, bacteria 
or endotoxin-contaminated root cementum9,22.

The objective of this study was to investigate 
the ultramorphology of the root surfaces induced 
by mechanical instrumentation performed using 
conventional curettes or piezoelectric scalers when 
used single-handedly or with a combined technique, 
using scanning electron microscopy (SeM) and 
confocal scanning laser microscopy (CLSM). 
The hypothesis tested was that the periodontal 
instrumentation of scaling and root planing 
performed with a combined curette/ultrasonic 
technique would be able to remove the cementum 
and create a root surface characterized by reduced 
presence of smear layer when compared to single-
handed instrumentation.

MATERIAL AND METhODS

Specimen Preparation
Thirty single-rooted healthy human teeth, freshly 

extracted for orthodontic or surgical reasons, were 
used in this study. The teeth were extracted after 
informed consent was obtained by participants 
according to a treatment protocol approved by the 
Human Assurance Committee of the Department 
of Oral Surgery of the University Politecnica delle 
Marche, Ancona, Italy. The selection of the teeth 
was performed in order to have the maximum 
standardization of the root surface and according 
to the following criteria: 1: Absence of calculus and 

debris; 2: Absence of dental caries; 3: Absence 
of any type of dental restoration; 4: No history of 
non-surgical periodontal treatment including scaling 
and root-planing prior the date of extraction. After 
extraction, teeth were stored in a sterile saline 
solution at 4°C for no longer than 1 month. The 
rationale behind the above mentioned criteria of 
tooth selection is based on the fact that, since the 
main objective of this study was focused on the 
morphological characteristics of the smear layer, 
we thought that using periodontally-affected root 
surfaces may present many variables that could 
influence the standardization of the study.

The crowns of the extracted teeth were cut 
approximately 1 mm below the cementoenamel 
junction (CeJ) using a high-speed diamond saw 
under copious water cooling. A second cut was 
made 3 mm away from the apex of the root. 
Subsequently, a longitudinal cut was made in 
order to obtain root fragments with the following 
dimensions of: length: 6 mm; width: 4 mm; depth: 
2 mm. 

The specimens were washed and cleaned in an 
ultrasonic bath for 15 min3 and examined at 30× by 
stereoscopic microscopy in order to assure that no 
residual periodontal or gingival tissue remained on 
the root surface. In case of any remnant presence 
of periodontal tissue on the surface, it was gently 
removed using a Gracey-curette hand scaler (Hu-
Friedy Mfg. Co., Inc., Chicago, IL, USA) at a very 
low working pressure. The specimens were then 
stored for no longer than 5 days in distilled water 
buffered to pH 7.4 using 28% NH4OH solution (Carlo 
erba S.R.L., Milan, Italy) until further experimental 
procedures.

Experimental Design
The external root surface of each root fragment 

was left uncovered, while the remaining sides 
were covered by dental wax. All specimens were 
randomly divided into 3 groups (n=10/group) and 
were instrumented by 2 operators, previously 
trained and calibrated during a pilot study, who 
performed the planing with standard angulations, 
the same stroking pressure during instrumentation 
of the specimens13 and adopting a stable lateral 
force using the method of Kishida, et al.15 (2004):

1. Group A (curette only). each experimental 
surface was instrumented by applying 30 working 
strokes in vertical direction using a new and 
sharpened Gracey’s curette 7-8 (Hu-Friedy Mfg. 
Co., Inc.) by 2 different operators who performed 
an effective planing with a 60-70° working angle 
and applying an appropriate amount of pressure 
during the strokes.

2. Group B (ultrasonic scaler only). A coated 
titanium nitride periodontal tip mounted on a 
piezoelectric ultrasonic handpiece (Piezolight 5; 
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Castellini Spa, Castel Maggiore, Bologna, Italy) 
working at 25 kHz for 30 s (about 30 strokes) 
was used in a vertical direction under copious and 
constant water irrigation with a 10-15° working 
angle and applying an appropriate amount of 
pressure [~5N].

3. Group C (curette/ultrasonic technique). each 
experimental surface was at first instrumented by 
applying 15 working strokes in a vertical direction 
using a Gracey’s curette 7-8 (Hu-Friedy Mfg. 
Co., Inc.) performed as previously described. 
Subsequently, the root specimens were treated 
using a coated titanium nitride periodontal tip 
mounted on an ultrasonic handpiece (Piezolight 5, 
Castellini Spa) working at 25 kHz for 15 s (about 
15 strokes) in a vertical direction under copious 
water irrigation. The pressure and the angulations 
of working strokes used in this combined technique 
were the same as those used for each single handed 
technique.

Confocal Laser Scanning Microscopy
The specimens were imaged using a confocal 

laser scanning microscopy (Leica SP2 CLSM, 
Heidelberg, Germany) equipped with a 63×, 1.4 
NA oil immersion lens using 514 nm argon/helium 
ion laser illumination to evaluate the modifications 
induced by the experimental treatments on dentin 
surfaces devoid of artifacts usually induced by 
specimen preparation required for SEM. Reflected 
light from the dentin surface was detected with a 
photomultiplier tube using reflection filters. A z-step 
of 1 μm was used to optically section the specimens 
to depths of up to 30 μm below surface. The z-axis 
scan of the dentin surface was converted into 
pseudo-colour for better visualization, and compiled 
into both single and topographic projections using 
Leica SP2 CLSM image-processing software (Leica 
SP2 CLSM). The configuration of the system was 
standardized and used at the same level for the 
entire investigation.

Scanning Electron Microscopy (SEM)
After the CLSM investigation, all specimens 

from groups A, B and C were fixed with 4% 
formaldehyde in 0.2 M phosphate buffer (pH=7.2) 
at room temperature for 24 h. Following fixation, 
the specimens were dehydrated using an ascending 
series of graded ethyl alcohol solutions at the 
concentrations of 50, 80, 95 and 100% for 10 min 
at each concentration. The specimens were then 
air-dried over-night. Prior to scanning electron 
microscopy examination, the specimens were 
mounted on SeM stubs with a silver paint, dried 
and then sputter coated with gold. The microscopy 
investigation (SeM) was performed using a scanning 
electron microscope (JeOL 5200, JOeL Corp. Tokyo, 
Japan) working at 5-10 kV. each root specimen was 

considered as a sample-unit and 3 SeM micrographs 
were randomly obtained from each specimen, with 
different standardized magnifications (×1,000, 
×2,000 and ×5,000) resulting in a total number of 9 
images per specimen; these images were intended 
to be representative of the most common features 
observed in each sample. The micrographs were 
assessed by 2 examiners blinded to the experimental 
procedures but previously instructed during a pilot 
study to use the the following index of root surface 
and smear layer morphology characteristics, as 
follows: Grade 1 - thick and compact smear layer, 
no dentin tubules open; Grade 2 - thin smear layer, 
no presence of dentin tubules; Grade 3 - residues 
of smear debris partially occluding dentin tubules; 
Grade 4 - absence of smear layer on the dentin 
surface with exposed collagen fibrils. For each 
specimen, a single value was assigned after the 
evaluation of the 9 representative images (×1,000, 
×2,000 ×5,000), resulting in 10 values per group. 
The distribution of smear layer morphology grades 
was tested using Pearson’s χ2 test and significance 
was established at p=0.001 and adjusted residuals 
were used to identify significant treatment grade 
interactions.

RESULTS

Periodontal treatments of scaling and root 
planing performed with manual, sonic or combined 
instrumentation induced several morphological 
changes on the root surface. The scanning electron 
micrographic appearance of the morphology of 
the root surface treated by hand curette (Group 
A) revealed a compact and multilayered smear 
layer (Figure 1A) characterized by the presence of 
superficial furrows with a distinguishing morphology 
similar to that of “tree-bark” (Figure 1B and C). The 
morphology of the surfaces of the root fragments 
treated with the ultrasonic scaler only (Group B) 
appeared irregular with few grooves on the root 
surfaces (Figure 2A). Higher magnification images 
showed that those root surfaces were covered by 
a porous and thin layer of debris (Figures 2B and 
C). CLSM showed that the root surface treated by 
curette presented a smoother surface compare to 
those treated using the ultrasonic tip (Figures 3A, B). 
The combined manual/ultrasonic instrumentation 
(Group C) showed a peculiar morphology to the 
root surface with many differences when compared 
to the other treatments. The morphology of the 
root surfaces revealed that the cementum was 
completely removed with the exposure of the 
root dentin and dentin tubules (Figure 4A). The 
morphology of the root surfaces was characterized 
by the presence of very few grooves and a slender 
remnant smear layer which only partially covered 
the root dentin (Figure 4B). Higher magnification 
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images showed that the remnant smear layer 
produced by this combined manual/ultrasonic 
technique partially obliterated the dentin tubules 
giving them a characteristic conformation similar 

to that of a “flute-mouthpiece” (Figure 4C). In 
some case, it was also possible to observe areas 
with exposed collagen fibrils (Figures 5A and 4B). 
The CLSM confirmed the results observed with SEM 

Figure 1- Scanning electron microscopy showing the morphology of the root surfaces treated with hand curettes. A: 
mechanical periodontal treatment with curettes creates a compact and multilayered smear layer characterized by the presence 
of superficial furrows; B (×2,000) and C (×5,000): At higher magnification it is possible to clearly observe a distinguished 
morphology similar to that of “tree-bark” (pointer) induced by the working strokes of the curette. No exposed dentin tubules 
were observed subsequent to the mechanical periodontal treatment with curettes

Figure 2- Scanning electron microscopy showing the morphology of the root surfaces treated with the piezoelectric scaler. 
A: non-surgical periodontal treatment performed with this method creates an irregular root surface with few shallow grooves; 
B: higher magnification (×2,000) showing that the root cementum was not removed by the ultrasonic instrumentation but 
was only altered and characterized by pits and tips (pointer); C: (×5,000) presence of a porous and thin layer of debris with 
no exposed dentin tubules (pointer)

Figure 3- Confocal laser scanning microscopy topographical images. A: root surface treated with hand curettes showing 
a compact smear layer characterized by the presence of superficial furrows. No exposed dentin tubules were observed 
subsequent to the mechanical periodontal treatment with the curettes; B: root surfaces treated using the piezoelectric scaler, 
showing an irregular and coarse root surface with few shallow grooves pits and tips (pointer)
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showing only a slender smear layer that partially 
obliterated the dentin tubules (Figures 6A, B). 
The statistical analysis performed on the values 
obtained using the index of root surface and smear 
layer morphology characteristics showed statistical 

differences between the groups (p<0.001) (Table 
1).

Figure 4- Scanning electron microscopy appearance of the morphology of the root surfaces treated with the simultaneous 
manual and ultrasonic instrumentation. Image A shows the morphology of the root surfaces characterized by very few 
grooves and slender remnant smear layer which only partially covered the root dentin. Image B: at higher magnification it 
is possible to observe that the root-cementum was completely removed with the exposure of root dentin and dentin tubules 
(pointer). Image C shows that the remnant smear layer produced by this combined manual/sonic technique obliterated the 
dentin tubules (pointer) and many of them had a characteristic conformation similar to the shape of a “flute-mouthpiece”

Figure 5- Scanning electron microscopy (A and B) of the morphology of root surfaces treated with simultaneous manual 
and ultrasonic instrumentation reveal that some areas with exposed collagen fibrils (pointer)

Figure 6- Confocal laser scanning microscopy topographical (A) and single projection (B) images of the root surfaces 
treated using the simultaneous curette/ultrasonic instrumentation technique showing the morphology of the root surfaces 
characterized by slender remnant smear layer that only partially covered the root dentin (B). It is possible to observe that 
the root cementum was completely removed with the exposure of root dentin and dentin tubules
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DISCUSSION

Periodontally-affected root surfaces treated with 
conventional non-surgical periodontal treatment of 
scaling and root planing might be not completely free 
from contaminants due to the presence of a residual 
smear layer created during instrumentations11,18,27.

The presence of the smear layer on the 
instrumented root surfaces has been shown to act 
as a physical barrier between the periodontal tissues 
and the root surface13,17 unsuitable for reintegration 
in periodontal connective tissue20. Thus, this study 
investigated the ultramorphology of the smear layer 
created on the root surface by conventional curettes 
and periodontal ultrasonic scalers when used single-
handedly or with a combined instrumentation 
technique.

The results of this study indicated that manual 
and ultrasonic instrumentation induced several 
morphological changes on the root surface both 
when used single-handedly and when these 
instruments were used simultaneously with a 
combined instrumentation technique. The CLSM 
and SeM-ultramorphology analysis showed that 
manual periodontal instrumentation with a curette 
created a compact and multilayered smear layer on 
the root surface. This smear layer was characterized 
by the presence of superficial grooves with a 
“tree-bark”-like appearance, probably induced by 
the working strokes. Conversely, the piezoelectric 
instrumentation created cementum-root surfaces 
were rich with irregularities characterized by several 
pits and partially covered by a thin and porous layer 
of debris. No dentin tubules were exposed after 
this type of periodontal instrumentation indicating 
that the cementum was not removed from the root 
surface.

It has been shown that some ultrasonic scalers 
used on root dentin produced only some residual 
smear debris in relation to dentin tubules23.

Moreover, the use of ultrasonic scalers in non-
surgical periodontal treatment creates a smooth 

root surface with minimal damage and tight 
attachment of fibroblasts26,27,33.

Conversely, Ribeiro, et al.18 (2006) have shown 
that the diamond-coated tip with sonic scaler 
instrumentation and ultrasonic instrumentation 
produce similar root surface roughness, higher than 
curette instrumentation.

However, it is important to consider that patients 
who have been affected by chronic periodontal 
diseases for a long time and had never been treated 
before with any surgical or non-surgical periodontal 
treatments might need further and more incisive 
instrumentation7,19. Indeed, Rohanizadeh and 
Legeros19 (2005) have demonstrated, using 
transmission electron microscopy (TeM), that the 
old calculus is in direct connection or in fusion with 
the tooth apatite crystals of the cement. It was 
shown that a very strong attachment of calculus to 
the tooth surface existed, more so than the cohesive 
strength within the calculus itself. Fractographic 
analysis also showed occurrence of fracture within 
the calculus but not at the calculus-tooth surface 
interface suggesting that clinical calculus removal 
may efficiently remove areas of the calculus 
prone to fracture but may still leave a part of the 
calculus strongly attached to the tooth surface. The 
remaining calculus (calcium phosphate crystals) 
could promote further calculus formation by 
attracting plaque colonization and eventual plaque 
calcification and/or serve as nucleating centers for 
calcium phosphate crystal growth. Hence, the ideal 
instrument should remove all the calculus from the 
root surfaces and leave behind a surface as smooth 
as possible without any iatrogenic effects19,25.

Although, Drisko9 (2001) clearly stated that 
ultrasonic or sonic instrumentations have similar 
effects to that of hand scaling and root planing 
when analyzing removal of biofilm, calculus and 
endotoxins. The choice of hand or ultrasonic 
instruments for root debridement is controversial. 
Many clinicians have advocated gentle treatment 
of the root surface, based on observations that 

 Evaluation criteria
(scores: 1–4)

Group A
(curette only)a

(n=10)     

Group B
(ultrasonic scaler only)b

(n=10)

Group C
(Curette/ultrasonic)c

(n=10)
Grade  1 10 - -

Grade  2 - 10 -

Grade  3 - - 7

Grade  4 - - 3

Table 1- Distribution of the scores for morphological characteristics of the root surface

*Different lower case letters indicate statistically significant differences (P<0.001). The specimens were assessed using 
the following index of smear layer removal: (Grade 1: thick and compact smear layer, no dentinal tubules open; Grade 2: 
thin smear layer, no presence of dentinal tubules; Grade 3: Residues of smear debris partially occluding dentinal tubules; 
Grade 4: absence of smear layer on the dentine surface with exposed collagen fibrils)
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endotoxin does not penetrate the exposed root 
cementum, but forms a loosely attached superficial 
layer on its surface14. On the other hand, under SeM 
observation, the curette proved to be more effective 
in removing the calculus-associated cementum 
from periodontally-affected root surfaces, when 
compared with the ultrasonic device, using SeM22. 
Moreover, under TeM observation, curetted 
cementum exhibited newly synthesized fibrilar 
material and collagen fibrils produced by healthy, 
functional fibroblasts attached to the instrumented 
surface, and apparently oriented towards the 
curetted cemental surface. These results strongly 
suggested that improved cellular attachment can be 
promoted if superficial cementum is first removed 
by mechanical curettage10.

In this study, it was shown that when the two 
types of periodontal instrumentation were used 
simultaneously with a combined curette/ultrasonic 
instrumentation, the root morphology was totally 
different from that observed when they were 
used single-handedly. In the evaluation of the 
morphology of these root surfaces, it was revealed 
that the cementum was completely removed and 
the root dentin tubules were exposed. The root 
surfaces were characterized by few grooves and a 
very small amount of remnant smear debris, which 
only partially covered the dentin tubules. Moreover, 
at higher magnification (SEM) it was often observed 
that the remnant smear layer produced by this 
combined manual/sonic technique obliterated the 
dentin tubules, giving them a characteristic “flute-
mouthpiece” conformation.

The combined manual/ultrasonic instrumentation 
induced in some cases the complete removal of the 
smear layer and the exposure of collagen fibrils 
(Figure 4). It has been shown that exposure of the 
dentin matrix of the root surface allows formation 
of a proper fibrinclot, which is a determinant factor 
for the positive outcome of early wound healing 
events21,27, thus facilitating the integration between 
the root surface and the healing connective tissue 
favoring migration and attachment of gingival 
fibroblasts2,16.

CONCLUSION

The combined curette/ultrasonic instrumentation, 
used with a shorter working time than single-
handed instrumentation, completely removed the 
cementum from the root surfaces and, at the same 
time, the use of the ultrasonic scalers allowed the 
decontamination of the root surfaces from the 
smear layer created by the curettes. Thus, as the 
objective of this study was the evaluation of the 
ultramorphology of the root surfaces and of the 
smear layer created after non-surgical periodontal 
treatments using manual and sonic instruments, 

it is possible to assume that the use of curettes 
followed by ultrasonic periodontal instruments may 
create root surfaces relatively free from any gross 
smear layer compared to the root surfaces single-
handedly instrumented by curette or ultrasonic 
scalers. Further studies should investigate the 
effects of instrumentation on the lost substance 
and the roughness of the root surfaces after this 
alternative non-surgical periodontal technique of 
instrumentation during scaling and root-planing. 
The hypothesis tested in this laboratory study 
that scaling and root planing performed with a 
combined curette/ultrasonic technique would be 
able to create a smooth root surface with a reduced 
smear layer presence when compared to single-
handedly instrumentation was accepted. Future 
research should be also conducted to evaluate the 
clinical effectiveness of this alternative technique 
in the healing processes and in the regeneration 
of connective tissues with relative reduction of 
pocket depth.
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