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Doxycycline encapsulated in 
β-cyclodextrin for periodontitis: 
a clinical trial

Abstract This clinical trial compared the efficacy of doxycycline 
(DOX) in β-cyclodextrin (DOX)/βCD) with DOX- alone in gel on 
thirty-three subjects with periodontitis. Patients were randomized 
to group 1 GI; 10% DOX + scaling and root planning (SRP); group 
2 (GII (10% DOX /β-CD + SRP), and group 3 (GIII; SRP). Gels were 
applied in GI and GII at baseline (T0) and 30 days later (T1). 
Periodontal Probing Depth (PPD), Clinical Attachment Level (CAL), 
Bleeding on Probing (BOP) and Visible Plaque Index (VPI) were 
evaluated at (T0), 30 days (T1) and 60 days after T0 (T2). Bone 
density was analyzed after 18 months (T3). GII showed the most 
significant reduction of PPD (2.62 mm; p <0.003), and greatest 
gain in CAL (2.54 mm p <0.003) at T2. BOP and the VPI had a 
strong reduction in all groups at T2 (p <0.05), both decreased 
by ≥5 times and 2 times, respectively, in all groups at T1. Bone 
density increased in all groups in radiographs (T3). The use of 
DOX encapsulated in β-CD gel with SRP resulted in significant 
improvements in clinical periodontal parameters; such molecular 
inclusion of doxycycline into β-CD in gel for local application is 
relatively simple and useful in dentistry.
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Introduction

Antibiotics have been used in periodontal treatment to minimize 
the failure of mechanical debridement by scaling and root planing 
(SRP), which is considered to be the gold standard procedure.1 The slow-
release application of antimicrobial agents in the periodontal pockets 
provides constant drug release to eliminate pathogens and modulate the 
inflammatory response, thereby limiting tissue destruction. Studies have 
demonstrated the efficacy and benefits of slow-release systems compared 
with systemic drug administration.2

Doxycycline (DOX) acts on Gram-positive and Gram-negative 
bacteria and on specific periodontal pathogens.3 Its main antibiotic 
mechanism of action is the inhibition of protein synthesis.4 It presents 
anti-inflammatory properties through direct inhibition of the activity 
of matrix metalloproteinases, which participate in periodontal tissue 
destruction5 and are considered to be the most potent anti-collagenase 

Declaration of Interests: The authors 
certify that they have no commercial or 
associative interest that represents a conflict 
of interest in connection with the manuscript.

Corresponding Author:
Maria Esperanza Cortés 
E-mail: mecortes@ufmg.br

https://doi.org/10.1590/1807-3107bor-2019.vol33.0112

Submitted: June 18, 2018 
Accepted for publication: April 8, 2019 
Last revision: October 29, 2019

1Braz. Oral Res. 2019;33:e112

https://orcid.org/0000-0002-3492-0476
https://orcid.org/0000-0001-6691-3943
https://orcid.org/0000-0003-0498-7351
https://orcid.org/0000-0003-1517-5842
https://orcid.org/0000-0001-5893-2597
https://orcid.org/0000-0002-0560-8491


Doxycycline encapsulated in β-cyclodextrin for periodontitis: a clinical trial

agents.6,7 DOX also has an osteogenic effect, as 
it promotes bone tissue formation through the 
activation of osteoblasts and inhibition of bone 
resorption.8 At subtherapeutic levels, DOX has 
beneficial effects on bone tissue repair processes 
and modulation of the host response.4 Thus, the  
non-ant imicrobia l  propert ies of  DOX may  
contribute to its effectiveness in the treatment  
of periodontitis.9

The use of a gel to apply a drug in the periodontal 
pocket ensures longer retention of the drug in 
place, which prolongs its effects.2,6,10 However, the 
inflammation process in periodontitis increases 
the renewal rate of gingival crevicular fluid, which 
leads to more rapid diffusion of the drug from 
the delivery device.11 Thus, an important goal in 
the development of drug delivery systems is to 
maximize adhesiveness.12

Ten-percent DOX gel has been used in the 
treatment of periodontitis and has been proven to 
more effectively reduce the periodontal probing depth 
(PPD) and improve the clinical attachment level (CAL) 
compared with SRP alone, thereby improving the 
quality of life of individuals with periodontitis.13,14,15 
However, Garrett et al.16 reported that the treatment 
of moderate to severe periodontitis with 10% DOX 
was only as effective as SRP.

Thus, to improve treatment efficacy and prevent 
physicochemical and biological degradation of drugs, 
molecular inclusion strategies, including those 
employing cyclodextrins, have been investigated. 
Beta-cyclodextrin (β-CD) has advantages such as its 
utility in drug carrier systems; increased solubility; 
bioavailability; ability to provide aqueous stability for 
lipophilic drugs; and control of the release profiles of 
water-soluble drugs, such as DOX. These advantages 
serve to increase therapeutic efficacy and reduce local 
and systemic adverse effects.17

Thus, the purpose of this study was to assess 
the clinical outcomes following the treatment 
of periodontitis with 10% DOX encapsulated in 
β-CD gel, and with pure 10% DOX in the gel. The 
hypothesis was that the inclusion compound would 
increase the mucoadhesiveness of the gel and the 
encapsulation of DOX in β-CD, enhancing the 
drug’s local effects.

Methodology

Study design and sample
This randomized blinded clinical trial was designed 

to compare the effects of 10% DOX gel with those of 
10% DOX gel included in β-CD as adjunctive topical 
agents for the treatment of periodontitis with SRP. 
The examiner and participants were blinded to the 
type of gel applied. The Research Ethics Committee 
of the Federal University of Minas Gerais approved 
this study (Nº 790.967), which was conducted in 
accordance with the Helsinki Declaration. The trial 
is registered at ClinicalTrials.gov (Nº RBR-243GF6). 

Participants were selected in the Faculty of 
Dentistry, Federal University of Minas Gerais (UFMG), 
and signed a free informed consent form. Eligibility 
was determined by periodontal clinical evaluation 
and medical histories obtained at screening visits. The 
inclusion criteria were: a) age 20–45 years; b) diagnosis 
of periodontitis according to the criteria established 
by the American Academy of Periodontology;18 and c) 
contralateral quadrants containing at least one molar 
with PPD ≥ 5 mm, CAL ≥ 6 mm, and bleeding on 
probing (BOP). The exclusion criteria were: a) systemic 
disease, such as hypertension, diabetes mellitus, 
osteoporosis, or immunodeficiency; b) requirement for 
antibiotic prophylaxis before periodontal treatment; c) 
use of systemic antibiotics or controlled or continuous-
use drugs in the previous 6 months; d) pregnancy 
or active lactation; e) allergy to DOX or periodontal 
dressing; and f) receipt of surgical or non-surgical 
periodontal therapy in the previous 6 months.

Based on the analysis of periodontograms, two 
molars in contralateral quadrants were selected in 
each individual. Third molars and elements with 
furcation and endo-periodontal lesions were excluded. 
For each molar, measurements were taken at four sites 
[buccal (B), lingual (L), mesial (M), and distal (D)], 
and the sites with the greatest PPD were selected. 

The sample size was calculated using the Statistical 
Package for the Social Sciences (version 19.0 for 
Windows; IBM SPSS, Armonk, USA), which indicated 
that a minimum of 24 individuals (8 per group) was 
required for analysis with a significance level of 5%. 
Assuming that 20% of individuals would not complete 
the treatment, we selected a total of 36 individuals (12 
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per group). One subject from group 1 (GI) and two 
subjects from group 3 (GIII) dropped out at T0. Thus, 
33 subjects were distributed by simple randomization 
into three independent groups: GI (10% DOX gel + 
SRP), group 2 (GII; 10% DOX included in β-CD gel + 
SRP), and GIII (SRP alone). They were evaluated at the 
beginning of the study (T0), at the first application 
of the gel (T1, 30 days after T0), and at the second 
application of the gel (T2, 60 days after T0). Four sites 
(B, L, M, and D) of the two molars in each subject 
were evaluated (total, 264 sites; GI, n = 88; GII, n = 96; 
GIII, n = 80). Statistical powers of 84% for the group 
factor, and 96% for the time factor and group × time 
interaction were considered, with a significance level 
of 5% and effect magnitudes of 0.79 for the group 
factor, and 1.12 for the time factor and group × time 
interaction (estimated from values reported by Sato19). 
The main determinant of periodontitis and sample 
size was CAL ≥ 6 mm.19 

Periodontal procedures
To calibrate the researcher with an expert examiner 

in the clinical examination and periodontal treatment 
procedures, six subjects were enrolled in a pilot study. 
Pilot study measurements were repeated within a 
1-week interval, and κ values were calculated to 
determine the baseline efficacy of antimicrobial 
application (satisfactory, κ > 0.8). The two examiners 
were also trained in the evaluation of radiographic 
parameters. All subjects who participated of pilot 
and main study received oral hygiene instructions, 
including those on brushing technique and interdental 
cleaning. They underwent plaque control by coronary 
polishing with prophylactic paste and a Robinson 
brush until visible plaque indices (VPIs) < 20% 
were achieved. Subjects received verbal and written 
guidelines and maintained self-standard for oral 
hygiene (brushing and flossing). 

The following periodontal clinical parameters 
were evaluated: Visible plaque, present or absent21, 
measurement of PPD and CAL, and BOP (present 
or absent, was recorded 10 seconds after probing).20 
Then, SRP was performed using hand instruments, 
with the removal of supra- and subgingival plaque 
and calculus. The procedure was performed to obtain 
smoothness of the root surfaces. The same professional 

performed clinical and periodontal evaluation and 
treatment of all subjects at the three experimental 
timepoints in the following sequence: VPI annotation, 
followed by removal of supragingival biofilm and 
evaluation of clinical parameters (PPD, CAL, and 
BOP). At T0, SRP was performed and initial molar 
bitewing X-rays were taken in all subjects, followed 
by the first gel application to the study teeth in GI 
and GII. At T1, SRP was performed in all subjects and 
the second gel application was performed in GI and 
GII. At T2, SRP was performed and molar bitewing 
X-rays were taken in all subjects. After 18 months 
(T3), final X-rays were taken. 

The tubes containing the 10% DOX and 10% 
DOX–β-CD gels were distinguished by yellow and 
green labels, respectively. Only the pharmacist who 
prepared and conditioned the gels knew which type 
of gel was indicated by each color; the two gels were 
similar in color, smell, and taste. The gel was applied 
through a syringe to the base of the periodontal pocket 
until it reached the gingival margin. Excess gel was 
removed with a curette. Then, a light-cured resin 
dam was applied and polymerized for 40 s to seal 
the gel in the pocket. The subjects were instructed 
to avoid hard and sticky foods, not to touch the area 
with the tongue or finger, to maintain oral hygiene, 
and to report any pain, swelling, or other adverse 
effect. Figure 1 is a flow chart of the study.

Radiographic analysis 
Digital interproximal images of the posterior 

areas of all subjects were obtained at the Radiology 
Department of the UFMG School of Dentistry. The same 
professional took all radiographs using the parallelism 
technique. No additional images were acquired. Two 
specialists blinded to treatment allocation conducted 
the final evaluation by performing a fractal analysis 
of radiographic bone density. Two rectangular regions 
of interest (ROIs; 90 × 30 pixels, following a previous 
study21) were selected in two different areas of the 
maxillary posterior interdental bone for this analysis, 
excluding the tooth roots and periodontal space. 
The average of the values of two ROIs was used to 
calculate the average fractal dimension for each subject, 
to discriminate the trabecular integrity alterations 
induced by periodontitis, using the box counting 
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method described by White and Rudolph.22,24 All 
image analysis was performed using ImageJ software 
(v.1.51j8; National Institutes of Health, Bethesda, USA). 
200 ROIs were duplicated using the Gaussian filter 
blurred with a diameter of 35 pixels. After subtraction 
of the blurred image from the original image, an 
image with an average gray value of 128 pixels was 
obtained at the end of this procedure.

Statistical analysis
All data were analyzed using the program 

Statistical Package for Social Sciences, version 19.0 for 
Windows (SPSS, IBM, Armonk, USA). The parameters 
were analyzed by the arithmetic mean of the sites of 
both teeth selected for each subject, in each time, for 
comparison of treatments: GI - SRP + 10% DOX GEL; 
GII - SRP + 10% DOX/β-CD GEL and GIII - SRP. The 
comparison within each group was determined by 
Analysis of Variance technique by Blocks (ANOVA). 
The level of significance was 5% (p < 0.05). In the 
comparison among groups were performed by the t 
Test and the nonparametric Friedman Test, depending 
on the data distribution. Considering 3% (p < 0.003). 
For non-numeric variables (BOP and VPI) were used 
Test Q-Square and Correspondence Analysis, 5% 

(p < 0.05). In the radiographic analysis, the mean 
of the two ROIs was used to calculate mean FD for 
each participant over time. ANOVA was used for the 
comparison of the FDs of the groups (p < 0.05). The 
site was the unit of analysis adopted and the main 
outcome was CAL.

Results

This study involved 33 subjects with periodontitis 
[9 (27%) men and 24 (73%) women followed through 
T3. The characteristics of the patients are summarized 
in Table 1. At T0, the means of the clinical parameters 
investigated were similar among groups, indicating 
that randomization was effective. No adverse reaction 
to the treatments was reported. 

Periodontal probing depth
PPD values for all group’s at timepoints are shown 

in Table 2. At T0, the average PPD was 4.8 ± 0.92 mm, 
with no significant difference among groups. The mean 
reductions of the PPD values were 3.75± 0.64 mm at 
T1 and 3.16 ± 0.52 mm at T2. PPD reductions within 
GI and GII after the first and second applications 
were significant (p < 0.05). In the comparison of mean 

 n = 36

ASSESSET FOR ELEGIBILITY
(n=170)

Group I
n= 12

- 1 indiviual
Lost to follow-up

Final n=11

Group II
n=12

Group III
n = 12

- 2 indiviuals
Lost to follow-up

Final n = 10

PPD ≥ 5 mm
CAL ≥ 6 mm

BOP +

Randomization

Figure 1. Flow chart of the study.
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differences (ΔT0 – T2) among groups, all T2 values 
were lower than T0 values (p < 0.003) indicating 
that there was a gain of the periodontal health even 
with SRP. GII showed the greatest reduction among 
groups (2.62 ± 0.31 mm, p < 0.003) and within each 
group (p < 0.05). 

The evaluations of the reduction of PPD values 
obtained by sites expressed as percentages according 
to categories: 4, 5 to 6 and > 6 mm are set out in 
Table 3. Initially, PPD was shallow (4 mm) in 44% of 
the pockets, moderate (5 to ≤ 6 mm) in 42% of pockets, 
and deep (> 6 mm) in 10% (GIII), 14% (GI), and 20% 

Table 1. Epidemiological characteristics of the patients and mean of the initial PPD and CAL according with protocol analysis.

Groups
GI GIII

10% DOX gel 10% DOX / β-CD gel SRP

N Subjects 33 11 12 10

N Sites 264 88 96 80

Age (years) minimum/maximum 20/42 35/43 37/45

Gender (male/female) 01/10 05/07 03/07

Initial PPD (mm) 4.70 ± 1.29 5.11 ± 0.71 4.88 ± 0.77

Initial CAL (mm) 6.13 ± 0.99 6.09 ± 0.67 6.0 ± 0.67

Values are presented as mean ± standard deviation. Significance within each group (p < 0.05) and among the groups (p < 0.003). The values 
presented refer to the mean values of the site evaluated in millimeters. PPD: Periodontal Probing Depth; CAL: Clinical attachment level.

Table 2. Comparison of PPD within each group and among groups of 10% DOX gel and scaling and root planning (SRP) (GI), 10% 
DOX: β-cyclodextrin gel and SRP (GII) and SRP alone (GIII), at different time intervals: T0 (Baseline), T1 (30 days), T2 (60 days).

Clinical parameter
GI GIII

10% DOX gel 10% DOX / β-CD gel SRP

Periodontal Probing Depth (PPD)

T0 (Baseline) 4.70 ± 1.29 5.11 ± 0.71 4.88 ± 0.77

T1 (30 days) 3.76 ± 0.9 a 3.18± 0.63 a 4.40 ± 0.4

T2 (60 days) 3.18 ± 0.72 2.49 ± 0.4 3.81 ± 0.46

ΔT0-T2 1.52 ± 0.77 a 2.62 ± 0.31 b 1.07  ± 0.31 a

Clinical attachment level (CAL)

T0 (baseline) 6.13 ± 0.99 6.09 ± 0.67 6.00 ± 0.67

T1 (30 days) 5.19 ± 0.7 a) 4.25± 0.73 a 5.51 ± 0.58

T2 (60 days) 4.61 ± 0.63 3.55 ± 0.67 a 4.95 ± 0.58

Δ T0-T2 1.52 ± 0.36 b 2.54± 0.00 b 1.05± 0.09 a

Bleeding on probing (BOP)

T0 91 92 90

T1 59 50 55

T2 11 8 15

D T0-T2 80 a 84 a 75 a

Visible plaque index (VPI)

T0 77 79 80

T1 14 13 10

T2 6 8 5

Δ T0-T2 71 a  71 a  71 a

Values are presented as mean ± standard deviation. aSignificance within each group (p < 0.05) and bamong the groups (p < 0.003). The 
values presented refer to the mean values of the site evaluated in millimeters. PPD: Periodontal Probing Depth, CAL: clinical attachment level, 
BOP: bleeding on probing, VPI: visible plaque index, SRP: scaling and root planning.
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(GII) of pockets.  Marked improvement was observed 
at T2, with shallower pockets at 93%, 97%, and 73% 
of sites in GI, GII, and GIII, respectively (p < 0.003). 

Clinical attachment level
The mean CAL values are shown in Table 2. At 

T0, the average CAL value was 6.07 mm, with no 
significant difference among groups. Overall mean 
clinical attachment gains were 4.98 mm at T1 and 
4.37 mm at T2. GII showed significant gains after the 
first and second applications, whereas GI showed 
a gain only after the first application (p < 0.05). GII 
showed the highest average gain in CAL between T0 
and T2 (2.54 mm), with a significant difference from 
the gain achieved in GIII (p < 0.003). 

The difference of clinical attachment gain assessed 
by sites expressed as percentages is presented in 
Table 4. At T0, averages of 7% of sites in GI and GIII 
and 4% of sites in GII had PPDs of 4 mm. All groups 
had the largest proportions of sites in the 5 to ≤ 6 mm 
category. At T2, significant numbers of sites had 

improved from deep to shallow pockets (49% in GI, 
85% in GII, and 32% in GIII, respectively; p < 0.003).

Bleeding on probing
Mean BOP values for all groups and timepoints 

are provided in Table 2. At T0, average BOP values 
were similar in all groups. BOP showed marked 
improvement between T0 and T2 in all groups 
(p < 0.05), with the greatest average reduction (84%) 
observed in GII (p < 0.05). BOP decreased in a similar 
way in all groups, with no significant difference. 
At T1, it had decreased by two times in all groups; 
at T2, it had decreased by five, six, and four times, 
respectively, in GI–GIII. Thus, the greatest reduction 
occurred in all groups after the second gel application 
or control treatment.

The BOP values found by sites was also expressed 
as a percentage (Table 5). At T1 it decreased 2, 4 
and 2 times for GI, GII, and GII, respectively. At 
T2, it decreased 3, 16 and 2 times, respectively. This 
meaning that, the reductions at T2 for GII were greater. 

Table 3. Reduction values obtained of periodontal probing depth (PPD) and evaluation by sites and percentage according to PPD 
categories after treatment with 10% DOX gel and scaling and root planning (SRP) (GI), 10% DOX:β-cyclodextrin gel and SRP (GII) 
and SRP alone (GIII), at T0 (Baseline), T1 (30 days), T2 (60 days). 

Periodontal Probing Depth (PPD)

Percentage of number of sites analyzed 

GI GII GIII

T0 T1 T2 T0 T1 T2 T0 T1 T2

4 mm 54 78 93 a 43 83 97 b 37 50 73 a

5 to ≤ 6 mm 32 17 5 37 14 2 52 50 26

> 6 mm 14 4 1 20 2 0 10 0 0

Number of Sites 88 88 88 96 96 96 80 80 80
aSignificance within each group (p < 0.05) and bamong the groups (p < 0.003). PPD: Periodontal Probing Depth, SRP: scaling and root planning.

Table 4. Gain values obtained from CAL and evaluation by sites expressed as a percentage according to categories after treatment 
with 10% DOX gel and scaling and root planning (SRP) (G1), 10% DOX:β-cyclodextrin gel and SRP (GII) and SRP alone (GIII). 

Clinical attachment level (CAL)

Values expressed as percentage from number of sites analyzed

GI GII GIII

T0 T1 T2 T0 T1 T2 T0 T1 T2

4 mm 7 24 49a 4 57 85 b 7 16 32 b

5 mm to ≤ 6 mm 65 65 49 71 39 17 55 72 61

> 6 mm 28 11 2 25 3 1 37 11 6

Number of sites 88 88 88 96 96 96 80 80 80
aAmong the groups (p < 0.003); bsignificance within each group (p < 0.05) and CAL: clinical attachment level, SRP: scaling and root planning.
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Visible plaque index
Mean VPI values for all groups and timepoints 

are presented in Table 2. The VPI improved 
markedly between T0 and T2 in all groups (p < 
0.05), decreasing by 5, 6, and 8 times in GI–GIII, 
respectively, comparing T1 with T2 the reduction was 
of 2 times in all groups. Thus, the greatest reductions 
were observed at T1 in all groups. Comparing the 
groups, there was no significant association between 
the groups in relation with plaque control, although 
GIII had the highest average reduction of VPI but 
this difference was not significant.

Radiographic density
The results of the comparative radiographic 

evaluation of bone density in GI and GII are presented 

in Figure 2. Bone density increased over time in both 
groups. However, when evaluated the results intra-
group of GII between T0 and T2 showed a significant 
increase in bone density (p<0.05), but there was no 
significant difference inter-group in relation to the 
type of gel applied.

Discussion 

Decreased PPD and gains in CAL are the main 
clinical measures used to assess the success of any 
periodontal treatment.25 Any periodontal pocket 
reduction or clinical attachment gain after drug 
administration represents a real clinical benefit 
and may reduce the need for additional surgical 
interventions. In addition, periodontal maintenance 
therapy should be performed with aim of preventing 
periodontitis recurrence,7 and the prolonged delivery 
of antibacterial agents can prevent recolonization 
after SRP26.

In the present study, all PPD values had decreased 
at T2 in relation to T0, with the greatest reduction 
observed in GII. GI and GII showed significant 
reductions in PPD at T1 and T2. Thus, the reapplication 
of DOX gels contributed to the final PPD results, 
especially in GII. Initially, most pockets were shallow or 
moderately deep. After 60 days, significant proportions 
of pockets had become shallow. From the clinical point 
of view, this result translates into periodontal health 
for subjects. Mendes et al.14 reported the reduction 
of PPD from 7–8 mm to 4 mm, with accompanying 
clinical attachment gain which substantially improved 
the quality of life of individuals with periodontitis.

In the present study, the CAL increased significantly 
in all groups, with better results observed in the 
experimental group than in the control group. 
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Figure 2. Boxplot of evaluation of measurements of bone 
densities obtained from radiographic of the subjects treated, 
between group, Scaling and Root Planning (SRP) + 10% DOX 
gel (GI), SRP + 10% DOX/ β-cyclodextrin gel (GII) and SRP 
(GIII), at T0 (initial RX), T1 (RX 60 days after T0) and T2 (RX 
18 months after T0).

Table 5. Bleeding on probing (BOP) response of the subjects treated with scaling and root planning (SRP) + 10% DOX GEL (GI), 
10% DOX/ β-cyclodextrin + SRP GEL (GII) and SRP (GIII), according to values at baseline (T0), 30 days (T1) and 60 days (T2), as 
well as mean of alterations by sites expressed as percentage.

Bleeding on probing (BOP) G I GII G III

Response T0 T1 T2 T0 T1 T2 T0 T1 T2

Positive 45 23 7 62 16 1 61 30 14

Δ T0-T2 38 61 a 47

Number of sites n = 88 n = 96 n = 80
aSignificance within each group (p < 0.05). BOP: bleeding on probing, SRP: scaling and root planning.
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However, GII showed the greatest mean gain between 
T0 and T2 (42% vs. 25% in GI and 17% in GIII). These 
results demonstrate that the reapplication of DOX 
gels contributed to the final CAL results in GI and 
GII, and especially in GII. CAL gains were greatest 
when analyzed by site, with significantly shallower 
pockets at T2.

The use of 10% DOX gel yielded a better clinical 
response at SRP-treated sites as other studies 
reported (Javali and Vandana27 and Ahamed et al.28 
Jacomazzi et al.29).  Their clinical results of those 
studies showed reduced PPD during the first 60 
days and CAL gains only in the first 30 days. PPD 
reductions and CAL gains were obtained in the 
present study, especially in patients treated with 
10% DOX/β-CD gel. This result was greater than 
in other studies with similar designs and longer 
evaluation times.30,31

Bleeding on probing points to the success or the 
failure in periodontal treatment, because reveals the 
presence of inflammation of the pocket.32 In the present 
study, BOP decreased considerably and similarly in all 
groups, but without significant difference. The highest 
reductions occurred after the second application 
(T2) (p <0.05) (Table 2). GII had the highest mean 
reduction (84%) and by sites, was 16 times higher in 
T2 (p <0.05) (Table 5). One possible reason for this 
better result is that the inclusion of DOX in β-CD 
may have prolonged the anti-inflammatory local 
effect of DOX, decreased the inflammatory markers, 
such as prostaglandin and MMPs, modulating the 
host response. DOX has been efficient in restricting 
these enzymes in minimal doses without developing 
bacterial resistance, for this reason, it is considered 
the most potent inhibitor of MMPs. Studies also 
reported substantial reductions in BOP and concluded 
that adjunct treatment is more effective compared to 
mechanics alone.33,34

VPI presented a strong reduction in all groups 
(p <0.05) (Table 2). The GIII (SRP) presented the 
highest mean reduct ion (75%), but without 
significant difference. These results corroborate with 
Wennstrom et al.35 and Javali and Vandana27. These 
authors attributed the improvements observed to BOP 
and VPI to the adequate maintenance of oral hygiene. 
Besides, coronary polishing was performed to remove 

the supragingival biofilm, before each collection of 
clinical parameters. According to Deo et al., it is well 
established that the organization of the supragingival 
biofilm may block the distribution of the drug and 
inactivate the pharmacological action. Thus, the 
removal of this biofilm before the gel application 
could promote greater DOX efficacy.36

DOX concentrates on tissues, including the bone 
microenvironment, and also has an osteogenic effect. 
For these reasons, it has been used in the treatment of 
bone diseases.4,6 In the present study, the evaluation of 
bone density in the GI and GII radiography performed 
at T0 (initial RX), T2 (RX 60 days)) and T3 (RX 18 
months) shows an increase in bone density, over time, 
in all groups, with no significant difference between 
them. However, GII showed a statistically significant 
increase in bone density between T0 and T2. They 
associated increased proliferation of osteoblasts 
with DOX / βCD compared to free DOX. Agarwal 
and Gupta also found no significant difference in the 
periodontal repair of the infra-bony defects between 
the groups treated with or without free DOX, both 
groups showed significant improvements in the 
parameters.37 However, better results were obtained 
in the DOX-treated group, there were greater bone 
density and less crest resorption.

Previous studies have also shown that the 
therapeutic use of this tetracycline at low concentrations 
acts as a promoter of the proliferation of osteoblastic 
cells.38 The results of Park et al. showed that when 
preosteoblasts were cultured in the presence of 10% 
DOX, there was an increase in alkaline phosphatase 
activity and resulted in increased calcium and 
mineral deposits.4

It can be inferred that the possible reasons for 
better results of this study were the reapplication of 
the gels and the inclusion of DOX in βCD. Soskolone 
showed that the frequency and time of contact with 
the subgingival microbiota is important because 
the increased turnover of the crevicular fluid in 
the periodontitis facilitates the faster diffusion of 
the drug from the gels,38 unless they become more 
viscous and less susceptible to hydrolysis.11

In spite of the results observed, other clinical trials 
of local release of antimicrobials are necessary for 
addition to the traditional treatments with longitudinal 
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monitoring, investigating the need for reapplications. 
As well as the formulation of an application protocol, 
that could contribute to a greater acceptance of the 
association of local antimicrobials with the mechanical 
control of biofilm in patients with periodontitis.

In this study, the gel showed double slow delivery 
systems of DOX and inclusion compound with βCD. 
Through the local delivery of DOX it is possible to 
increase and to prolong the local action of the active 
principle.3,14 Besides, the anti-inflammatory effects 
of DOX may promote increased bone density. The 
best results after the second application reinforce 
the need for the presence of the drug at the target 
site for longer. The 10% DOX included in β-CD gel 
associated with SRP showed a significant improvement 

in periodontal clinical parameters (PPD, CAL, and 
BOP) and VPI, providing additional benefits to the 
SRP alone. There was an increase in bone density 
over time in all groups. The molecular inclusion of 
doxycycline into β-CD in gel is a relatively simple 
technology for local application in periodontitis 
showed satisfactory results.
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