Smear Layer Removal and Collagen Fiber Exposure
Using Tetracycline Hydrochloride Conditioning

Abstract
Aim: Smear layer removal and collagen fiber exposure may improve periodontal treatment and regeneration.
This in vitro study assessed smear layer removal and collagen fiber exposure after tetracycline hydrochloride
(TTC) application on root surfaces using scanning electron microscopy (SEM).
Methods and Materials: Root cementum was removed with diamond burs followed by scaling and root
planning. Four hundred fifty samples were divided into ten groups: a control (saline application) and nine
different TTC concentrations were applied at doses of 10, 25, 50, 75, 100, 125, 150, 200, and 250 mg/ml. The
TTC application was performed in all groups in three different ways (passive, brushing, and burnishing) and at
three different periods of conditioning (1, 2, and 3 minutes). A previously trained, calibrated, and blind examiner
evaluated photomicrographs of the samples using Sampaio’s index (2005). Statistical analysis was performed
using the Kruskal-Wallis’ and Dunn’s tests.
Results: The concentrations of 50 mg/mL and 75 mg/mL applied by burnishing were the most effective in smear
layer removal and collagen fiber exposure. Both the passive mode of application (p=0.0001) and 1 minute period
of application (p=0.002) were the least effective.
Conclusions: The concentrations of 50 mg/mL and 75 mg/mL applied by burnishing during 2 or 3 minutes were
the most effective.
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Clinical Significance: These parameters may be applied in periodontal procedures involving TTC root
conditioning to optimize results.
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Introduction
Roots of teeth affected by periodontal disease
become hypermineralized1 and contaminated.2
Treatment of the periodontal disease by
mechanical scaling and root planning produces a
smear layer on the root surface3 that can impair
periodontal healing and regeneration.4 Root
conditioning has been proposed as a means to
5
circumvent this problem.

Results of in vivo
o studies of TTC used in
periodontal regenerative treatment are
contradictory.14,15 This controversy may be related
to inconsistent applications including TTC
concentration, mode of application, and duration of
the period of conditioning.
Although the ability of TTC to insure root
demineralization and remove the smear layer has
already been demonstrated, the most effective
concentration, period of conditioning, and mode of
application are yet to be determined. Therefore,
the objective of this in vitro
o study was to assess,
by scanning electron microscopy (SEM), smear
layer removal and exposure of collagen fibers
after TTC application on root surfaces in order to
evaluate the most effective application parameters.

Tetracycline hydrochloride (TTC) is an effective
antibiotic against periodontal pathogens6 which is
absorbed into the root surface and slowly released
in its active form (substantivity).7 As a root surface
conditioning agent, TTC produces several actions
with the potential of improving periodontal healing
and regeneration including the following:
• Demineralization of the root surface and
removal of the smear layer8
• Fibrin clot stabilization9
• Increased chemotaxis, adhesion, and growth
of fibroblasts on the root surface10,11
• Inhibition of matrix metaloproteinases12

Methods and Materials
This study was approved by the Research
Ethics Committee of the School of Dentistry at
Araraquara, São Paulo State University – UNESP
(protocol # 25/2002). A total of 225 teeth were
obtained from the undergraduate oral surgery
clinic after patients conveyed written consent to
use their extracted teeth. There was no restriction
on the type of tooth except for a requirement of
having a caries-free cementoenamel junction
(CEJ).

In addition, TTC root conditioning may also be
used together with other periodontal regenerative
techniques to optimize its results. However,
depending upon the concentration TTC can also
13
produce cytotoxic effects.

Sample preparation and conditioning were
performed by the investigators using a
standardized procedure summarized in Figure 1.
Sample Preparation
Samples were obtained from the cervical third of
the roots by making two parallel grooves of 0.5
mm depth with a cylindrical bur (KG Sorensen,
Barueri, SP, Brazil) under copious irrigation. The
first groove was positioned horizontally at the
CEJ and the second groove was made parallel
and 4 mm apical in relation to the first. Then the
same bur was used to remove the surface layer
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of the root between the two grooves. The area
between the two grooves was then scaled with 50
apico-cervical strokes using a sharp #5-6 Gracey
curette (Hu-Friedy, Chicago, IL, USA).

of 45 samples each were defined. The negative
control represented by conditioning with saline
solution and nine different TTC concentrations
of 10, 25, 50, 75, 100, 125, 150, 200, and 250
mg/ml were evaluated. These ten experimental
groups were divided into three subgroups, of 15
samples each, according to the application mode
of applying the TTC solutions. The modes were
passive with a small cotton ball, brushing with
a soft brush (Condor®, Sao Paulo, Brazil), and
burnishing with a small cotton ball rubbed against
the surface. Each of these three subgroups was
further divided into the three periods of application
lasting 1, 2, or 3 minutes. Thus, each mode of

Two samples were produced from each tooth,
thus, a total of 450 samples were prepared and
stored in individual containers containing saline
solution.
Conditioning Procedure
The 450 samples were conditioned with different
TTC concentrations, periods of conditioning, and
modes of application. Ten experimental groups

Figure 1. Summary of sample preparation and conditioning.

Figure 2. Preparation of the first groove
at the CEJ and the second groove placed
4 mm apical from the first.

Figure 3. Surface layer of the root
between the two grooves was removed
with the same bur.
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Figure 4. Fifty apico-cervical scraping
strokes made on the area between the
two grooves with a Gracey curette.

application and conditioning period had an n of
five samples. Solutions were renewed on the
applicators every 30 seconds. A new brush was
used for application of each TTC concentration.
This conditioning procedure was followed by a
rinse with a 10 ml saline solution for all samples.
After conditioning, each sample was given a code
to enable blind analysis of the photomicrographs.
Preparation for SEM
Samples were dehydrated by the critical point
method which consisted of immersion in ethanol
concentrations of 30, 50, 70, 80, 95, and 100%
for 1 hour each. After the final immersion in
the 100% ethanol concentration, samples were
immersed in a 50% (v/v) solution of 100% ethanol
and hexamethyldisilazane (HMDS) (Sigma,
Sigma-Aldrich Inc., St. Louis, MO, USA) for 30
minutes and a final immersion in HMDS only for
10 minutes. HMDS allows visualization of the
collagen matrix in SEM photomicrographs. Finally,
samples were dried for 48 hours in a dehydration
jar (Corning, Sao Paulo, Brazil) and mounted on
metallic holders (Senai, Sao Paulo, Brazil) for
sputter coating with 99.99% pure gold.

Figure 5. Sample production procedure.
(A) The dental crown above the first
groove was removed. (B) Then a
longitudinal cut was performed in the
central part of the tooth. (C) Followed by
a horizontal cut to produce the samples.

The score attributed to each sample was the most
prevalent score in the three evaluations. Good
reproducibility was achieved in the use of the
index with a weighted kappa score17 of 0.89.

SEM Analysis
Two photomicrographs (1500x and 3500x)
were made (JEOL JSM-T330A adjusted to
20kV) of the center area of each sample. The
photomicrographs were evaluated according to a
16
root surface modification index adapted for this
study. This was repeated three times, at 15 day
intervals, by the same examiner who was unaware
of the experimental groups. The adapted index
consisted of eight scores as shown in Table 1.

Statistical Analysis
The non-parametric analysis of variance (KruskalWallis’s test) was applied to independently
evaluate the effect of the three dependent
variables, solution concentration, mode of
application, and period of conditioning. The
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Table 1. Evaluation criteria used in the adapted root surface modification index.

Score 1. Complete smear layer removal with
dentin collagen network exposed.

Score 2. Complete smear layer removal.

Score 3. Traces of smear layer remain in the
openings of dentinal tubules.

Score 4. A partial opening of dentinal tubules.

5
The Journal of Contemporary Dental Practice, Volume 9, No. 5, July 1, 2008

Table 1 Continued. Evaluation criteria used in the adapted root surface modification index.

Score 5. Smear layer formed by chemical
dissolution of dentinal surface.

Score 6. An even smear layer with some
signs of dentinal tubule openings.

Score 7. An even smear layer with no signs
of dentinal tubule openings.

Score 8. Rough smear layer.
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Dunn Multiple Comparison test was applied to
detect statistically significant differences among
the groups using a p≤0.05. These analyses
were performed using the Bioestat 3.0 statistical
software package (CNPq and Sociedade Civil
Mamirauá, Belém PA, Brazil).

• 250 mg/ml (4.4% of samples with score 3 and
4.4% of samples with score 4)
• The control group presented 4.4% of samples
with score 4
Score 5 was not found in concentrations under 100
mg/ml. The frequency distribution of score 6 did
not present any pattern among the concentration
groups. The TTC concentration that produced the
lowest frequency of samples with scores 7 and 8
was 150 mg/ml followed by 50, 75, 125, 100, 200,
250, 25, 10, and control.

Results
A comparison of TTC solution concentration
groups showed differences between the control
group and all other groups (p<0.05). Furthermore,
differences were found between the group of
10 mg/ml and 50, 75, and 150 mg/ml groups
(p<0.05). The TTC concentration producing the
highest frequency of samples with scores 1 and 2
was 75 mg/ml followed by 50, 100, 200, 250, 125,
150, 25, and 10mg/ml. The control group did not
present samples with scores 1, 2, or 5 (Figure 6).

Analysis of the effect of the conditioning periods
indicated conditioning for 1 minute was significantly
worse (p=0.0018) for removing the smear layer and
exposing collagen fibers than conditioning times of
both 2 and 3 minutes. The most prevalent period of
application, with a score 1 in the group of 50mg/ml,
was 2 minutes followed by 3 minutes and 1 minute
(Figure 7). For the 75 mg/ml concentration, which
yielded the highest frequency of scores 1 and 2
(Figure 6), the period associated with the higher
frequency of score 1 was 2 minutes followed by 1
and 3 minutes (Figure 8).

The TTC concentration of 75 mg/ml also produced
the highest frequency of scores 3 and 4 (11.1% of
45 samples with score 3 and 22.2% of 45 samples
with score 4) followed in order as follows:
• 25 mg/ml (22.2% of samples with score 3 and
8.8% of samples with score 4)
• 150 mg/ml (17.7% of samples with score 3 and
11.1% of samples with score 4)
• 125 mg/ml (8.8% of samples with score 3 and
17.7% of samples with score 4)
• 10 mg/ml (4.4% of samples with score 3 and
22.2% of samples with score 4)
• 50 and 200 mg/ml (6.6% of samples with score
3 and 15.5% of samples with score 4)
• 100 mg/ml (8.8% of samples with score 3 and
8.8% of samples with score 4)

Upon evaluating the effect of the application
mode, results suggested the passive application
was significantly poorer (p=0.00001) than either
brushing or burnishing. When 50 mg/ml of TTC
was used, score 1 was more frequently associated
with burnishing followed by the brushing mode.
Likewise, when 75 mg/ml of TTC were used, score
1 was associated with burnishing followed by the
brushing and passive modes (Figures 9 and 10).

Figure 6. Frequency of scores 1, 2, 5, 7, and 8 in TTC concentration
groups of 45 samples each.
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Figure 7. Frequency of 1, 2, and 3 minute samples in the scores of
root surface modification for the 50 mg/ml TTC group of 45 samples.

Figure 8. Frequency of 1, 2, and 3 minute samples in the scores of
root surface modification for the 75 mg/ml TTC group of 45 samples.

Figure 9. Frequency of 1, 2, and 3 minute samples in the scores of
root surface modification for the 50 mg/ml TTC group of 45 samples.
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Figure 10. Frequency of 1, 2, and 3 minute samples in the scores of
root surface modification for the 75 mg/ml TTC group of 45 samples.

Discussion
Results of the present study showed scaling
and root planning produce a smear layer and
TTC application removed the layer from the root
surface. Furthermore, TTC demineralized the
root surface and exposed collagen fibers of the
dental matrix. The description of the results is
focused on concentrations of 50 and 75 mg/ml
because they produced the highest frequency
of scores 1 and 2, did not produce any score 5,
and produced a low frequency of scores 7 and
8 (Figure 6). Although the TTC concentration
presenting the lowest frequency of scores 7 and
8 was 150 mg/ml, the investigators did not focus
on this concentration because in comparison
to the 50 and 75 mg/ml groups, a higher
frequency of the intermediate scores 3 through
6 was observed for the 150 mg/ml group. The
75 mg/ml concentration, represented by higher
frequencies of scores 2, 3, and 4, tended to show
better results when compared with the 50 mg/
ml concentration. TTC solution concentration
has been proven to be a critical factor for
removal of smear layer and root demineralization
because low concentrations are not effective18
and concentrations ranging from 10 to 250 mg/
ml present a range of effectiveness19 which is
consistent with the findings of the present study.

found between brushing and burnishing, which
were both better than the passive application.
However, there was a higher frequency of the
score 1 in samples treated by burnishing than
those treated by brushing with both 50 and 75
mg/ml concentrations.
Bergenholtz and Babay20 observed burnishing
could harm the collagen matrix of dentin.
However, in the present study this phenomenon
was not observed and burnishing seemed to
provide exposure of the dentin collagen matrix.
Studies have shown the period of TTC application
does not influence root surface modification as
confirmed by SEM.8,21 Madison and Hokett21 tested
TTC at 250 mg/ml in removing the smear layer
when applied for 0.5, 1, 3, 5, and 10 minutes.
They found effective smear layer removal for all
application periods which can be attributed to
the high TTC concentration. Another unexpected
result is the authors of that study did not find
samples presenting chemical dissolution of
dentin, although they reported crystalline deposits
on the samples attributed to the high TTC
concentration used.
Isik et al.8 tested burnishing with distilled water
as a control and TTC concentrations of 10, 25,
50, 75, 100, 125, and 150 mg/ml for 1, 3, or 5
minutes for root surface modification. They found
a difference in the degree of dentinal tubule
openings in TTC concentrations above 25 mg/
ml with no difference among application periods.
This is barely in agreement with the present
findings of TTC concentrations ranging from 50

Although statistical analysis of the effect of the
conditioning period indicated the 1 minute group
had poorer results than the 2 and 3 minute
groups, in both 50 and 75 mg/ml concentrations,
the 2 minute group was associated with a higher
frequency of score 1 than the 3 minute group.
A similar pattern was observed when evaluating
the mode of application since no difference was
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to 125 mg/ml being more effective. Factors that
might have influenced their results were their use
of impacted third molars which present a lower
degree of mineralization, the lack of scaling and
root planning on root samples which could have
influenced smear layer formation, and dentin
collagen exposure was not evaluated.

8 and the application period. This data was not
shown.
Conclusion
The most effective TTC root conditioning was with
a 50 or 75 mg/ml concentration applied by either
brushing or burnishing the root surface for 2 or 3
minutes.

The high frequency of scores 7 and 8 with 200
and 250 mg/ml concentrations was unexpected
in the present study. One possible explanation
is the high TTC concentrations present a greater
surface tension which could reduce effectiveness.
Actually, all samples presenting with scores 7
or 8 conditioned with concentrations higher than
50 mg/ml were treated by the passive mode of
application. Moreover, an inverse relation was
found between the frequency of scores 7 and

Clinical Significance
Results of this study may contribute to the
interpretation of other investigations found in
literature, to the design of in vivo
o studies on root
conditioning and to the clinical application of TTC
root conditioning in periodontal treatment and
regenerative procedures. The present study may
help clinicians take advantage of the beneficial
properties of TTC while avoiding its shorcomings.
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