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The smear layer created by scaling 
and root planing is physiologically 
eliminated in a biphasic process

Abstract: Mechanical instrumentation of the root surface causes the 
formation of a smear layer, which is a physical barrier that can affect 
periodontal regeneration. Although different procedures have been 
proposed to remove the smear layer, there is no information concerning 
how long the smear layer persists on root surfaces after instrumentation 
in vivo. This study assessed the presence of the smear layer on root 
surfaces over a 28-day period after subgingival instrumentation with 
hand instruments. Fifty human teeth that were referred for extraction 
because of advanced periodontal disease were scaled and root planed 
(SRP) by a single experienced operator. Ten teeth were randomly 
assigned to be extracted 7, 14, 21, and 28 days after SRP. Another 10 teeth 
were extracted immediately after instrumentation (Day 0, control group). 
The subgingival area of the instrumented roots was evaluated with 
scanning electron microscopy. Representative photomicrographs were 
assessed by a blinded and calibrated examiner according to a scoring 
system. A rapid and significant (p < 0.05, Z test) initial reduction in the 
amount of smear layer was observed at 7 days, and a further significant 
(p < 0.05) decrease was observed 28 days after SRP. Interestingly, even 
28 days after SRP, the smear layer was still present on root surfaces. 
This study showed that the physiological elimination of the smear layer 
occurred in a biphasic manner: a rapid initial reduction was observed 
7 days after instrumentation, which was followed by a slow process 
leading to a significant decrease 28 days after instrumentation.

Keywords: Smear Layer; Dental Scaling; Periodontal Attachment Loss; 
Regeneration.

Introduction
Destructive periodontal diseases promote pathological changes on 

periodontal tissues, including the resorption of alveolar bone, degradation 
of connective tissue attachment, and apical migration of the junctional 
epithelium along the root surface.1 Conventional cause-related therapy 
effectively arrests these events. Although it has proven to be effective, 
this therapy does not restore the original histological architecture of the 
periodontium; this leads to repair, a condition in which scar tissue reconstitutes 
neither the architecture nor the original function of the periodontium.1,2

Classical studies have demonstrated that this reparative process results 
in the formation of a long junctional epithelium on the root surface instead 
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of new connective tissue attachment.3,4 In fact, the 
regeneration of periodontal tissues is considered 
a highly unpredictable result because of a number 
of factors that can interfere with the regeneration 
process. The nature of the root surfaces that are 
affected by periodontal disease has been identified as 
one factor that interferes negatively with periodontal 
regeneration.1,5 Alterations of the pathologically 
exposed root surfaces can inhibit the formation of new 
connective tissue, even in the presence of progenitor 
cells that are capable of forming periodontal tissues.6

Exposure to bacterial enzymes and metabolites 
may induce physical, structural, chemical, and 
immunological changes on the root surface, making 
it an unsuitable substrate for cell adhesion and the 
attachment of collagen fibers.7,8 These surface changes 
alter the biochemical composition and mineral density, 
resulting in the appearance of resorption sites, loss 
of collagenous and noncollagenous proteins from 
the dentin matrix, retention and invasion of bacteria, 
and the adsorption of endotoxins.8,9,10 Chemical 
conditioning of the root surface is the first approach 
that has been used for regenerative therapy of the 
periodontium. Other techniques, such as guided 
tissue regeneration; autogenous, homogenous, and 
heterogenous bone grafts; synthetic implants; and 
the application of growth factors and other biological 
agents have been developed and used independently 
or in various combinations.1,2 In addition to the overall 
lack of predictability of these regenerative approaches, 
there is consensus in this field that no technique can 
be successful if the root surface is still contaminated.

The mechanical instrumentation of the root surface 
that is performed during periodontal treatment is 
of paramount relevance as it is intended to remove 
bacterial deposits and dental calculus. However, 
the root instrumentation creates an amorphous 
layer of inorganic and organic debris called the 
smear layer, which may interfere with periodontal 
healing. Microscopic analyses have shown that the 
smear layer contains residual calculus, cementum, 
bacteria, and bacterial-derived products.11,12 For this 
reason, the smear layer can act as a physical barrier 
between periodontal tissues/blood clots and the root 
surface, and it inhibits or hinders the formation of new 
insertions and possibly harbors bacterial growth.12,13,14 

Because the effective removal of the smear layer could 
increase the potential for periodontal regeneration, 
many studies have assessed different chemical 
conditioning procedures for thorough elimination 
of the smear layer and exposure of the collagenous 
matrix.15,16,17,18

However, the clinical effectiveness of scaling and 
root planing procedures19 indicates that the smear 
layer does not prevent periodontal healing. Notably, 
there is no information in the literature regarding 
the behavior of the smear layer that is created by 
mechanical instrumentation. It is not clear whether 
the smear layer is left undisturbed or is not on the 
root surface after scaling and root planing. In this 
study, we assessed the presence of the smear layer in 
human teeth over time after subgingival mechanical 
instrumentation.

Methodology
Sample selection

The study sample was comprised of 50 periodontally 
involved teeth in 15 patients who were 38 to 68 years 
of age. Patients were recruited from the Clinic of 
Periodontics in the School of Dentistry at Araraquara, 
Universidade Estadual Paulista – UNESP, Brazil. The 
patients were in good health with no contraindications 
to periodontal treatment. The following exclusion 
criteria were used: a history of antibiotic therapy 
within the previous 6 months and anti-inflammatory 
drugs within the previous 3 months, pregnancy 
or the use of contraceptives or any other form of 
hormone, current smoker or former smoker for 
< 5 years, and/or periodontal treatment within the 
previous 6 months. Teeth were selected based upon 
the following criteria: probing depth and clinical 
attachment loss of 5 mm or more, radiographic 
evidence of at least 50% interproximal bone loss, and 
scheduled to be extracted with caries free roots. All 
patients were informed about the aims and methods 
of this study, and they gave their written consent to 
participate. The study protocol was approved by the 
local Research Ethics Committee (CEP-FOAr #45/09).

Procedure and experimental periods
Before the extraction procedures, the periodontally 

affected teeth were submitted to subgingival scaling 
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and root planing with hand instruments under local 
anesthesia along with the other teeth of the patient 
according to the established periodontal treatment 
plan. A single experienced trained periodontist 
performed the instrumentation, and the patients 
were properly instructed on oral hygiene.

After the instrumentation, a notch was placed 
on the root surface at the gingival margin with a 
high-speed cylindrical bur (KG Sorensen, Cotia, 
Brazil) to determine the subgingival area as well 
as to serve as a reference for the surface evaluation. 
The teeth were then extracted at weekly intervals 
up to 4 weeks after the instrumentation according 
to the experimental periods. After extraction, the 
teeth were carefully cleaned and immediately stored 
in 10% buffered formaldehyde for fixation. The 
clinical crowns were separated from the roots with 
a flexible diamond disc (KG Sorensen), and the root 
fragments were prepared for microscopic analyses. 
The samples were dehydrated in increasing grades 
of ethanol (30%, 50%, 70%, 80%, 95%, and 100%)20 and 
dried overnight in a dehydration jar (Corning Life 
Sciences, São Paulo, Brazil). Finally, the samples were 
mounted on metallic stubs and sputter-coated with 
a 25-nm layer of 99.99% pure gold (Balt-Tec SCD-050, 
Balt-Tec, Kettleshulme, UK).

Based on the time lapse between subgingival 
instrumentation and extraction, the following 
experimental groups were formed (n = 10 teeth per 
group): (i) Control - teeth extracted immediately after 
instrumentation; (ii) extraction performed 7 days after 
instrumentation; (iii) extraction performed 14 days 
after instrumentation; (iv) extraction performed 
21 days after instrumentation; and (v) extraction 
performed 28 days after instrumentation.

After extraction, all of the patients included in 
the present study were appropriately referred to 
other clinics in the School of Dentistry at Araraquara 
according to their clinical restorative needs.

Scanning Electron Microscopy
Scanning Electron Microscopy (SEM) observations 

and records were performed on a scanning electron 
microscope (Jeol T330 A; Jeol USA, Inc., Peabody, USA) 
at 20 kV. Two photomicrographs of the central area 
of each sample (1,000X magnification) were obtained 

by a laboratory technician who was not aware of the 
study objective or the experimental groups. Using 
a single-blind method, the SEM photomicrographs 
were analyzed three times in 15-day intervals 
by a previously trained and calibrated examiner 
(kappa score = 0.93) who used a scoring system to 
assess the presence of the smear layer. The three 
readings were averaged for each sample. The following 
scoring system was modified from a previous study 
and used in this study:20

1. Root surface completely covered by apparent 
smear layer;

2. Root surface partially covered by apparent 
smear layer; or

3. Root surface without apparent smear layer.

Statistical Analysis
For the statistical analysis, the samples were 

regarded as independent because the study 
design included the extraction of teeth in different 
experimental periods (0, 7, 14, 21, or 28 days) and 
was not a longitudinal evaluation of the same tooth 
or sample. The proportions of samples classified as 
each score were compared between the periods with 
the Z test for proportions 9 (Microsoft Excel for Mac, 
version 12.3.6, Microsoft Corporation, Redmond, USA) 
with the significance level set at 95%.

Results
The characteristics of the study samples are 

shown in Table. A rapid and significant decrease 
in the proportion of samples that were completely 
covered by an apparent smear layer (score of 1) was 
observed 7 days after instrumentation. Interestingly, 
no samples were completely covered with the smear 
layer 14, 21, and 28 days after instrumentation. The 
proportion of samples that were partially covered 
by the smear layer (score of 2) was relatively stable 
up to 21 days after instrumentation. The proportion 
of samples without a smear layer (score of 3) was 
increased significantly (p < 0.05) only 28 days after 
instrumentation (Figure 1). The average score for 
each experimental group is shown in Figure 2. In the 
control group, the root surface was completely covered 
by a uniform layer of debris without any indication 
of dentin tubules (Figure 2A). The root surface was 
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partially covered by a smear layer at 7 (Figure 2B), 14 
(Figure 2C), and 21 (Figure 2D) days. The smear layer 
was completely absent and indications of dentin tubule 
openings could be observed at 28 days (Figure 2E).

Discussion
The results of the present study indicated the rapid 

initial conversion of surfaces that were completely 
covered by an apparent smear layer (score of 1) to 
surfaces that were partially covered by a smear layer 
(score of 2) during the first seven days after scaling 
and root planing. This change was interpreted 
as the initial step in the process underlying the 
gradual disappearance of the smear layer created 

after mechanical instrumentation.11 Interestingly, the 
smear layer was still present on the root surfaces 28 
days after instrumentation. A rapid reduction in the 
smear layer was observed 7 days after instrumentation, 
and a further significant decrease was noted only 
after 28 days.

In the present study, the smear layer was created by 
scaling and root planing with hand instrumentation. 
Blomlöf et al.21 have shown that different root planing 
modalities do not result in the same amounts of layer 
formation in human periodontitis-affected teeth. The 
diseased root surfaces were root planed by hand 
instrumentation, ultrasonic scaling, or round diamond 
burs. No differences in the root surface texture were 
observed after the three treatment modalities with 
respect to dentin exposure. The smear layer thickness 
varied from 3 to 10 μm, and there were no differences 
among the treatments. No open dentinal tubules were 
identified.21 Mishra and Prakash22 have evaluated the 
effects of hand instruments, ultrasonic scaling, and 
erbium-doped yttirum aluminum lasers on smear layer 
formation. Most of the specimens that were treated 
with hand instruments (66.7%) and ultrasonic scaling 
(80%) were covered by a smear layer, while the smear 
layer was not observed in most of the specimens treated 
with laser (60%). A significant difference was found 
in the presence of the smear layer between ultrasonic 
scaling and laser treatments.22

It is important to determine how long the smear layer 
remains on the root surface after scaling and root planing 
as it may interfere with the biological events involved in 
the regeneration of periodontal tissues,1,12,23 particularly 
in the early phases of healing. The smear layer, which 
is interposed between the root and the tissues, can 
prevent blood clot adhesion and cell attachment to the 
root surface.24,25,26 For this reason, root conditioning has 
been used as an adjunct to mechanical root surface 
instrumentation in order to create a more biocompatible 
surface for early cell migration, attachment, cell-matrix 
interaction, fiber development, and, consequently, 
periodontal regeneration. Chemical agents, such as citric 
acid, tetracycline, and ethylenediaminetetraacetic acid, 
modify the root surface by removing the smear layer 
and endotoxins, opening dentinal tubules, and exposing 
the collagenous matrix.1,11,12,18 A significantly higher 
amount of cell attachment occurs on demineralized 

Table. Characteristics of the volunteers and teeth included 
in the study.

Characteristics

Gender (n)

Male 7

Female 8

Age (years) 52.5 ± 8.1* (38-68)

Number of teeth/patient (n) 3.3 ± 1.2* (2-7)

Probing pocket depth (mm) 6.1 ± 1.1* (5-8)

Type of teeth (n)

Molar 17

Pre-molar 11

Canine 5

Incisor 17

*mean ± standard deviation

Figure 1. Relative distribution of the samples according to the 
scoring system in each experimental group (0 = control, 7, 
14, 21, and 28 days). *Significant difference compared to the 
control group (p < 0.05, Z test comparing two proportions).
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dentin surfaces in vitro compared to nonetched dentin 
surfaces.25,26 The cellular responses to demineralized and 
nondemineralized dentin were studied in a subcutaneous 
transfixation model in rodents, and an improved 
response was reported in the demineralized samples, 
which present a surface that is similar to smear layer-

free dentin compared to the nondemineralized dentin 
samples in which the surface is similar to smear layer-
covered dentin.23 In addition, fibrin linkage to exposed 
collagen fibrils on etched root surfaces prevents the 
apical migration of the epithelium and precedes collagen 
fiber attachment to the root surfaces.5

Figure 2. Representative scanning electron microscopy photomicrographs of the prevalent score for each experimental group. 
(A) At 0 (control), the root surface is completely covered by an amorphous smear layer; at (B) 7, (c) 14, and (D) 21 days, the root 
surface is partially covered by smear layer; (E) at 28 days, the root surface is not covered by an apparent smear layer and areas 
of resorption are observed. (Bar = 10 µm; original magnification, 1,000X).
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Several animal studies have shown favorable results 
of regenerative therapies that are associated with 
chemical root surface conditioning.7,27,28 However, the 
results of clinical studies in humans are controversial 
and reflect the poor predictability of regenerative 
therapies.29 The inconsistent results of in vitro, in 
vivo, and clinical studies may be due to important 
root surface characteristics of periodontitis-affected 
teeth in humans, including differences in the degree 
of mineralization; exposure to various external agents, 
such as dental hygiene products, toothbrushing, 
toxins from tobacco products, nutrition-related 
acids, and biochemicals; caries experience; and 
aging. All of these factors are either not replicable 
or not considered in in vitro and in vivo preclinical 
studies of smear layer removal and the effects of root 
surface conditioning on regenerative procedures. 
The data on how long the smear layer that is created 
by mechanical instrumentation persists on the root 
surface is relevant for studies assessing periodontal 
healing, including repair and regeneration.

The mechanisms underlying smear layer elimination 
were not addressed in the present study, but it is 
tempting to speculate that this is an active process that 
is mediated primarily by inflammatory cells. In the early 
period subsequent to the instrumentation, a marked 
inflammatory process is associated with the disease 
process and the trauma from the instrumentation. 
This inflammatory process may be responsible 
for the rapid elimination of the smear layer that is 
observed as part of the biological process involving 
the migration of monocytic/macrophagic cells to the 
injury/inflammation site to remove the agents that 
are associated with the tissue damage.30

The finding that the elimination of the smear layer 
was a slow process may suggest that the formation 

of a long junctional epithelium is better than the 
formation of new connective tissue. New connective 
tissue attachment requires a clean dentin surface 
with exposed collagen fibers, which suggests why 
the repair is the most common healing response 
after mechanical instrumentation of teeth with 
periodontal disease.

Given the limited sample size, it is important to 
consider the factors that may influence the amount 
of smear layer that was created and its persistence 
on the examined teeth. The tooth type and the 
severity and nature of the periodontal disease may 
be related to the amount of local nonmineralized 
and mineralized deposits on the root surface, which 
requires more or less effort by the operator to attain a 
clinically smooth root surface. The age of the patient 
and the caries experience of the involved teeth, as 
well as diet- and oral hygiene-related issues (e.g., 
toothpaste, mouth rinses, and the consumption of 
low-pH beverages), are additional factors that may 
influence the conditions of radicular dentin and, 
consequently, the amount of smear layer formed. 
Even though all of these factors have to be considered 
when interpreting the results, the methodological 
approach used very closely resembled the routine 
clinical situation, which was a strength of this study.

Conclusion
This study showed for the first time that the 

physiological elimination of the smear layer that 
was created by mechanical instrumentation of 
the root surface occurred in a biphasic manner 
with a rapid initial reduction observed 7 days after 
instrumentation and a subsequent slow process 
resulting in a significant decrease of the smear layer 
28 days after instrumentation.
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