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A b s t r ac t
Aim: Aim of the present study was to evaluate the loading of clindamycin with injectable-guided tissue regeneration (GTR) will prevent the
colonization of Porphyromonas gingivalis and to compare and assess the quantitative changes in P. gingivalis colony forming units (CFUs) by
real-time polymerase chain reaction (PCR) analysis.
Materials and methods: Thirty microbiological samples were pooled from the deepest periodontal pockets from the thirty sites from the two
groups: group I—injectable GTR placed in the defect filled with demineralized freeze-dried bone allograft (DFDBA) and group II—clindamycin
loaded injectable GTR placed in the defect filled with DFDBA. The total number of P. gingivalis CFUs was estimated using real-time PCR at
baseline and 4 weeks after therapy.
Results: A significant reduction in P. gingivalis CFUs at the end of 4 weeks was seen in both groups. Comparative evaluations between both
groups at 4 weeks were with a mean of 4.44 ± 2.28 and 4.75 ± 3.32, respectively. Though there was a significant reduction in group II, the
difference was statistically insignificant.
Conclusion: The results suggest that clindamycin is beneficial in reducing microbial infection and can potentiate regeneration through host
modulation.
Clinical significance: Injectable GTR has the ability to mold according to the defect size and shape and eliminates the need to manipulate the
membrane as required for the conventional membrane.
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I n t r o d u c t i o n
Chronic periodontitis is an infectious disease resulting in inflammation
within the supporting tissues of teeth, progressive attachment, and
bone losses, usually associated with the presence of plaque and
calculus associated with a variable microbial pattern.1 The importance
of bacteria in the etiology of periodontal pockets has been clearly
established.2,3 Porphyromonas gingivalis plays an important role in
provoking periodontal disease. Porphyromonas gingivalis impairs
innate immunity in ways that alter the growth and development of
the entire biofilm, triggering a destructive change in the normally
homeostatic host–microbiota interplay in the periodontium.4
Periodontal regeneration follows a variety of surgical approaches
and therapeutic modalities that are used for restoring the periodontal
osseous defects, such as the use of organic or synthetic barrier
membranes (GTR) and the use of bone grafts and bone replacement
materials.5 Bioabsorbable membranes, such as polycaprolactone
(PCL) is a viable option for many applications in tissue-engineering
approaches is considered as satisfactory candidate for GTR due to
its useful properties such as biocompatibility, proper mechanical
strength, biodegradability, and ease of fabrication.6–8 Guided tissue
regeneration in the injectable form has the advantage of better
retaining ability in the defect area as it well adapts to the morphology
of the defect, thus avoiding the need for the manipulation as in
case of conventional membranes. In order to prevent postoperative
wound infection, some investigators have administered systemic
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antibiotics to the patients during the first 2–4 weeks after membrane
implantation.9 However, despite the application of systemic
antibiotics, the occurrence of postoperative wound infection, and
abscess formation related to implanted barrier membranes have
been noticed.10 This indicates that either the drug administered is
not directed against the microorganisms responsible for the wound
infection or that the drug does not reach the infected site at a
concentration sufficiently high to inhibit the target microorganisms.
An improved effect might be obtained by a local application of a
proper antibiotic providing a sufficiently high concentration at the
membrane site. Another advantage would be that a much lower
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dosage than that needed for systemic treatment could be used and
the general effect on the normal flora at other body sites would be
reduced. Clindamycin is a lincosamide group antibiotic known to have
a very favorable spectrum of activity against anaerobic infections. It
demonstrated excellent activity against P. gingivalis and P. intermedia
with a high killing activity.11 According to the periodontal literature,
there is no formulation of injectable GTR using PCL and clindamycin
is available. Hence, the study was designed to evaluate whether the
loading of clindamycin will prevent the colonization of P. gingivalis
and to compare and assess the quantitative changes in P. gingivalis
CFU in both groups by using real-time polymerase chain reaction
(PCR) analysis.

M at e r ia l s

a n d  M e t h o d s

Study Design
All patients were selected from the outpatient Department of
Periodontics, Kamineni Institute of Dental Sciences, Narketpally,
Nalgonda. The Ethical Committee approved the trial (IEC number
KIDS/IEC/2016/03). Patients between 25 years and 60 years in
the study were the age group of minimum 20 permanent teeth
to be present, periodontal pocket depth ≥5 mm, and evidence
of angular defects as determined by intraoral periapical (IOPA)
radiograph. Patients with the following criteria were excluded
systemically compromised patients and those on medications that
may interfere with wound healing, pregnant women and lactating
mothers, active periodontal treatment in the last 6 months, and
smokers. The nature and purpose of the study were explained to
the patients and written informed consent was obtained. The study
consisted of 30 sites in chronic periodontitis subjects. After fullmouth periodontal recording was performed in a specially prepared
proforma. The subjects were randomly assigned by the coin toss
method into groups I and II (15 in each group) to one of the following
treatment modalities. Group I: injectable GTR placed in the defect
filled with DFDBA. Group II: clindamycin loaded injectable GTR
(Figs 1A and B) placed in the defect filled with DFDBA.

Radiographic Evaluation

Figs 1A to D: (A) Clindamycin-guided tissue regeneration (GTR);
(B) Injectable GTR; (C) Collection of subgingival plaque sample; (D) Paper
points placed in Eppendorf tubes
Table 1: GTR formulation
Polymer
Formulations
F

Drug

Polycaprolactone Clindamycin
60%
10%

Solvent
Dichloromethane
40%

DNA Extraction Procedure (Modified Proteinase-K
Method)

Clindamycin loaded injectable GTR gel was prepared by the
Department of Pharmaceutics, Vikas College of Pharmaceuticals
Sciences, Suryapet (Table 1).

The subgingival plaque samples were transferred to the tube
containing TE buffer and centrifuged at 5,000 rpm for 5 minutes.
The supernatant was discarded. About 500 μL fresh T.E. buffer was
added and centrifuged for 3–4 minutes (Figs 2A and B). The above
procedure was repeated for 3–4 times with fresh TE buffer. The
supernatant was discarded, 50 μL lysis buffer I was added, vortexed
and kept for 5 minutes. About 50 μL lysis buffer II was added and
10 μL proteinase-K (100 μg/mL), vortexed vigorously. The mixture
was stored water bath for 2 hours and then kept in a boiling water
bath for 10 minutes. DNA samples were stored at −20°C.

Microbiological Procedure

Real-time PCR Procedure

Before surgery and 4 weeks after surgery, 30 (15 in each group)
subgingival plaque samples were pooled from the deepest
periodontal pockets in each patient (Fig. 1C). After removing
supragingival plaque and isolating the sample sites with cotton
rolls, sterile endodontic fine paper points were inserted into
the depth of the pocket and placed for 30 seconds. The paper
points were placed into a transport medium in Eppendorf tubes
containing Tris–EDTA buffer solution (Fig. 1D). The total number
of P. gingivalis CFU were estimated using real-time PCR at baseline
and 4 weeks after surgery. The real-time PCR analyses conducted
in the Maratha Mandal’s NGH Institute of Dental Sciences, Belagavi,
Karnataka.

During each phase of DNA synthesis, the SYBR green I dye, in the
reaction mix, binds to the amplified PCR products; the amplicon
can be detected by its fluorescence. Serial dilutions of the DNA
extracted from the standard strain of P. gingivalis ATCC no. 33277
(known quantity, 108–103 CFU/mL) was also run to plot the standard
graph. The SYBR green dye binds with double-stranded DNAs
that were specifically amplified by P. gingivalis specific primers.
The dye emits the fluorescence in the form of a graph. The graph
was plotted as the amount of fluorescence against the number
of cycles (Figs 2C and 3). Ct value (cycle no. at which fluorescence
has initiated) was obtained from the graph for all the samples
including standards. A standard curve was obtained from the Ct

Radiographically, the infrabony defects were recorded from a fixed
reference point (cementoenamel junction) to the base of the defect.
The IOPA radiographs were standardized by long cone paralleling
technique and using film holders (RINN XCP™, DENTSPLY).

Preparation of In Situ Gel
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Figs 2A to C: (A) Centrifugation; (B) DNA extraction; (C) Real-time PCR analysis

Fig. 3: Amplification plot of Porphyromonas gingivalis by real-time PCR

values of standard samples. Ct value of each sample was plotted
on to the standard curve and the corresponding quantity of DNA
copy numbers were obtained.

Statistical Analysis
Data were collected by using a structured proforma and analyzed
by using SPSS 24.0 version IBM USA. Paired t test was used to
evaluate the P. gingivalis levels between baseline and 4 weeks
and comparative evaluation between the two groups was done
using the independent sample t test. *p < 0.05 was considered
statistically significant.

R e s u lts
All the enroled patients completed the study period of 4 weeks.
The P. gingivalis levels reduced in both group I and group II from
38

baseline to 4 weeks. In group, I P. gingivalis levels at baseline and at 4
weeks were with a mean of 6.24 ± 0.83 and 4.44 ± 2.28, respectively
(Table 2) whereas in group II P. gingivalis levels at baseline and
at 4 weeks were with a mean of 6.67 ± 1.06 and 4.57 ± 3.32,
respectively (Table 3 and Fig. 4) that were statistically insignificant
between the two groups.

D i s c u s s i o n
Porphyromonas gingivalis is a gram-negative oral anaerobe that
is involved in the pathogenesis of periodontitis, an inflammatory
disease that destroys the tissues supporting the tooth, which
eventually may lead to tooth loss.12 The virulence factors of
P. gingivalis, such as lipopolysaccharide, vesicles, gingipains, and
fimbriae not only directly destroy periodontal tissue but also
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Table 2: Comparison of log10 units of Porphyromonas gingivalis between baseline and 1 month in each study group
95% confidence interval of the
difference
Group
I
II

Baseline
1 month
Baseline
1 month

n
15
15
15
15

Mean ± SD
6.24 ± 0.83
4.44 ± 2.28
6.67 ± 1.06
4.57 ± 3.32

Mean difference
1.80

Lower
−0.29

Upper
3.89

t
2.11

df
6

p value*
0.08 (NS)

2.10

−0.53

4.73

1.95

6

0.10 (NS)

*p < 0.05 statistically significant, p > 0.05 nonsignificant. NS, nonsignificant

Table 3: Comparison of log10 units of Porphyromonas gingivalis between the study groups at baseline and 1 month
95% confidence interval of the
difference
Baseline
1 month

Group
I
II
I
II

n
15
15
15
15

Mean ± SD
6.24 ± 0.83
6.67 ± 1.06
4.44 ± 2.28
4.57 ± 3.32

Mean difference
−0.42

Lower
−1.53

Upper
0.69

t
−0.83

df
12

p value*
0.42 (NS)

−0.12

−3.44

3.19

−0.08

12

0.94 (NS)

*p < 0.05 statistically significant, p > 0.05 nonsignificant. NS, nonsignificant

Fig. 4: Inter group comparison of two groups (I and II) with respect to
Porphyromonas gingivalis levels at baseline and 1 month

cause secondary tissue damage by producing an inflammatory
response.13 In other words, P. gingivalis could be a keystone
pathogen of the disease-provoking periodontal microbiota.4 The
results from systemic review and meta-analysis demonstrated that
GTR technique exhibited highly variable results between and within
the studies. In order to advance the healing capability of periodontal
tissues, membrane modification is widely investigated. In this
regard, the development of the drug/bioactive agent-containing
membrane has been developed.
Polycaprolactone has been introduced as a candidate
biomaterial for tissue regeneration. It has many properties that
satisfy the criterion for the GTR membrane. For example, it
exhibits biocompatibility properties and is not toxic. It has been
widely investigated as a scaffold material for tissue-engineering
application. While the GTR membrane’s aim for facilitating the
regeneration and healing of periodontal tissues, this type of
membrane is considered as bioactive-GTR membrane. The first

approach is to incorporate antimicrobial agents with the GTR
membrane to attenuate the risk of bacterial infection. Among the
wide variety of antimicrobials used to control infections following
periodontal therapy, doxycycline has exhibited promising results.14
Antibiotic’s impregnation of GTR membranes may reduce the early
colonization of bacteria on the membranes. However, different
in vitro conditions should be considered, as factors such as host
defense mechanisms, cell type, and inter-individual fibroblast
heterogeneity, and bacterial competition may be present in vivo.15
Membrane exposure is a common phenomenon in GTR treatment,
which provides an environment for bacterial adherence and
multiplication.16 Yoshinari et al.17 demonstrated that numerous
bacteria adhered and invaded membranes accompanied by a
bacterial infection.
Clindamycin reaches high concentrations in saliva, GCF,
and bone. Several studies have shown that the concentration
of clindamycin in these tissues is approximately 40–50% of
the concentration in serum.18 In a study, the concentration of
clindamycin in bone and other tissue was above the minimal
concentration at which 90% of the isolates are inhibited (MIC90)
for pathogens that are likely to be introduced into the tissues in
patients undergoing oral and maxillofacial surgery.19 Clindamycin
therapy is an effective means of treating periodontal disease
due to obligate anaerobic bacilli, such as P. gingivalis and
P. intermedia. The use of locally applied clindamycin gel inserted
into periodontal pockets was beneficial in the treatment of
advanced periodontitis by eliminating and preventing early
recolonization of periodontopathogenic species and might
avoid known side enhancement of the effects of systemic
administration, such as antibiotic-associated pseudomembranous
enterocolitis.
Considering the PCL as a potential agent, an attempt for the
first time in the literature has been made to deliver PCL as a GTR in
the gel form that can be injected into the local site. Injectable GTR
has the ability to mold according to the defect size and shape and
prevent the necessity to manipulate the membrane as required in
the case of the conventional membrane. In this regard, clindamycin
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was added along with PCL in the form of the gel has been developed
and delivered into the local site to assess the P. gingivalis levels.
In the present study, comparative evaluations between groups I
and II at 4 weeks were with a mean of 4.44 ± 2.28 and 4.75 ± 3.32,
respectively. Though there was a significant reduction in group
II, the difference was not statistically significant (p = 0.08). The
results of the study partially agreed with the previous studies
where they had discussed the microbiologic and clinical evidence
supporting the efficacy and safety of clindamycin for the successful
management of dental infections.20 This could be attributed to
the inability to sustain the minimum inhibitory concentration of
drug in the local site for sufficient length of time and different
in vitro conditions should be considered, as factors such as host
defense mechanisms, cell type, and inter-individual fibroblast
heterogeneity, and bacterial competition may be present in vivo.
Local administration of chlorhexidine was considered necessary but
was limited to the first postoperative week when patients would
most likely have difficulties with their oral hygiene. Administration
of chlorhexidine could have affected bacterial postoperative
colonization. The administration could have minimal but similar
effects for the two groups on the microflora present within
the preserved furcation space due to the limited subgingival
penetration of mouth rinses.
According to the periodontal literature and the best of our
knowledge, this is the first study to be conducted. Although
clindamycin-loaded GTR did not show statistically significant
results, from a futuristic viewpoint, attempts can be made to
harness the potential additive effects of clindamycin in conjunction
with periodontal surgical procedures to block the pathways of
periodontal tissue destruction and to enhance wound healing
and regeneration.

C o n c lu s i o n
The addition of clindamycin in injectable GTR gel may lower the
levels of the bacteria illustrating clindamycin as a potential drug for
the application in periodontal regeneration. The other important
aspect is the use of PCL, which is a new and promising injectable
GTR gel which may increase its retention after placement, unlike the
conventional GTR which requires manipulation of the membrane.
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