Comparative evaluation of locally delivered minocycline and metronidazole
in the treatment of periodontitis
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Abstract

Objective: The aim of this study was to evaluate and compare the efficacy of subgingivally delivered Minocycline microspheres
and 25% Metronidazole gel when used as an adjunct to scaling and root planing (SRP) in the treatment of chronic periodontitis.
Materials and Methods: A randomized, controlled, single center study was conducted involving 60 sites in 20 patients suffering
from moderate to advanced chronic periodontitis. Each patient contributed three sites which were randomized to three treatment
groups: SRP + insertion of Minocycline microspheres at day 1 (Group A), SRP + insertion of Metronidazole gel at day 1 and at day
7 (Group B), and SRP alone (Group C). Gingival index (Gl), plaque index (P1), probing pocket depth (PPD), and clinical attachment
level (CAL) were recorded at day 1, 1 month, and 3 months post therapy. Results: All treatments showed significant reductions
in PPD and CAL at 1 and 3 months when compared to baseline values (P < 0.001). At 3 months, sites treated with minocycline
showed an additional reduction in PPD of 0.85 + 0.03 mm, significantly greater than SRP alone. Differences in mean PPD reduction
between Group B and Group C and between Group A and Group B were not significant. At 3 months, difference in CAL gain
between Group A and C was 0.50 + 0.45, which was statistically significant and between Group B and C was 0.35 £ 0.11, which
was not found to be statistically significant (P = 0.20). Differences in relative CAL between Group A and Group B were also not
found to be statistically significant (P = 0.53). Conclusion: The results concluded that treatment with Minocycline microspheres
and Metronidazole gel improve PPD and CAL in patients with periodontitis compared to SRP alone.
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Introduction conventional periodontal therapy can be further suppressed
with the use of chemotherapeutic agents.?!
The traditional treatment modality of scaling and root

planing remains the ‘gold standard’ for the non-surgical Localized antimicrobial therapy, in particular, has evoked

management of chronic periodontitis."" Mechanical therapy
may, however, fail to reduce or eliminate the anaerobic
infection at the base of the pocket, within the gingival tissue
or in furcations. Some of the periodontal pathogens travel
into lacunar defects in the cementum, which further extend
into radicular dentin. These can act as bacterial reservoirs
from which re-colonization of mechanically treated root
surfaces can occur. The bacterial reservoirs not eliminated by
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growing interest because of the site-specific nature
of periodontal infections, the higher concentration of
anti-microbial agent subgingivally and reduced side-effects
of systemic antibiotic use.P! Various locally delivered
chemotherapeutic agents available are: Tetracycline fibers,
metronidazole gel, minocycline ointment and minocycline
microspheres, chlorhexidine chip, doxycycline hyclate, etc.!

In vitro studies have shown minocycline hydrochloride to be
one of the most active anti-biotic against most microorganisms
associated with periodontal disease. Moreover out of all the
tetracyclines, minocycline has the most marked substantivity
and greater lipid solubility.” Recently, minocycline has been
incorporated into a controlled release bioresorbable polymer,
which serves as the encapsulating medium (Arestin™ Ora
Pharma, Inc).

Among the various locally delivered chemotherapeutic agents
metronidazole, a member of nitroimidazole class of antibiotics
has bactericidal action against anaerobes, such as Prevotela
intermedia, Porphyromonas gingivalis, Tannerella forsythia,
Fusobacterium species and spirochetes like Treponema
denticola, Treponema vincentii, which are generally believed
to be the main pathogens associated with periodontitis.!
A metronidazole-containing gel (25%) (Elyzol®, Alpharma ApS,
Denmark) is available for use as local drug-delivery agent.
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Many clinical studies have been conducted to assess the
efficacy of local drug delivery systems as adjuncts to SRP or as
the sole treatment for untreated periodontal lesions.” Few
studies have assessed the comparative efficacy of a number
of currently marketed systems.!"!

The aim of the present study was to evaluate and compare
the efficacy of two local delivery products, one containing
minocycline microspheres, Arestin (Ora Pharma Inc., USA)
and other containing metronidazole gel, Elyzol (Alpharma
ApS, Denmark) used as an adjunct to SRP in the treatment
of chronic periodontitis.

Materials and Methods

The subjects for this randomized controlled, split mouth
study were selected from the out-patient department of
Periodontics, D.A.V. (C) Dental College and Hospital, Yamuna
Nagar (Haryana), India. Approval of the study was obtained
from the institutional review board of Health Sciences
University, Rohtak, Haryana, India to which D.A.V (C) Dental
College and Hospital, Yamuna Nagar is affiliated.

In this clinical trial 20 patients (9 females, 11 males) were
enrolled in the study. A total of 60 sites among the enrolled
subjects were selected for the study. Each patient had at least
three teeth with probing pocket depth of 5-8 mm that bled
on probing at the initial visit. The selected patients should
not have received local and/or systemic antibiotic therapy
within the last 6 months prior to the baseline examination of
the study. Before starting the trial all the patients underwent
full mouth supra and subgingival SRP using an ultrasonic
scaler and curettes. They were given careful instructions
for self-performed oral hygiene measures. The study was
explained to patients and all patients signed informed consent
at enrolment. The selected qualifying sites were randomly
divided into any of the three parallel treatment arms according
to split mouth design. (1) Group A (20 sites): Treated with
SRP followed by placement of minocycline microspheres. (2)
Group B (20 sites): Treated with SRP followed by placement
of metronidazole gel at baseline and again at 7 days. (3)
Group C (Control group) (20 sites): Treated with SRP alone.

Subgingival administration of minocycline microspheres was
accomplished by inserting the unit-dose cartridge to the base
of the periodontal pocket and then pressing the thumb and
index finger by the handle mechanism to expel the powder
to the base of the pocket [Figure 1]. The metronidazole gel
was supplied with a flexible, blunt needle [Figure 2]. This
facilitates the application of the gel without traumatizing
or damaging the periodontal tissues. After isolating and
drying the sites, metronidazole gel was injected into the
periodontal pocket and no periodontal dressing was used.

Four clinical variables including plaque index,'" gingival
index,!"" probing pocket depth,'” and clinical attachment

level™ were evaluated at the baseline prior to insertion of
test agents and at 1 and 3 months interval.

Results

Computer software (SPSS 10.0 for windows) was used for
data analysis. Mean values and standard deviations were
calculated for plaque index, gingival index, probing pocket
depth and clinical attachment level for all the three groups
and at different time intervals. Paired ‘t-test’ was used for
comparisons with in the groups and student “t-test” was
used for intergroup comparisons. Results were regarded as
statistically significant when P < 0.05.

Plaque index and gingival index

The mean plaque index for all three treatment groups at
baseline was2.46 + 0.54 whereas the mean value at 1 and
3 months were 1.06 £ 0.29 and 0.71 % 0.25 respectively.
There was significant reduction in plaque index scores
at both 1 month and 3 months interval [Table 1]. The
mean gingival index at baseline was 1.92 £ 0.55, whereas
the mean value at 1 and 3 months was 0.98 £ 0.30 and
0.73 £ 0.19, respectively. There was significant reduction

Figure 1: Insertion of minocycline microspheres

Figure 2: Insertion of metronidazole gel

49

Contemporary Clinical Dentistry | Jan-Mar 2013 | Vol 4 | Issue 1



Nymphea, ef al.: Antibiotics in the treatment of periodontitis

in plaque index scores at both 1 month and 3 months
interval [Table 2].

Probing pocket depth

In the present study, intragroup observations showed
statistically significant reduction in pocket depth from
baseline to 1 month and 3 months in all 3 groups [Table 3].
At the termination of the study (at 3 months), Group A
showed an additional pocket depth reduction of 0.85 £ 0.03
over Group C, which was statistically significant and Group B
showed an additional reduction of 0.50 + 0.09 over
Group C, which was statistically non-significant. Difference

in mean pocket depth reduction between Group A and B was
also non-significant (0.35 + 0.12). Figure 3 represents mean
pocket depth reduction at different time intervals.

Clinical attachment level

Relative gain in clinical attachment levels (CAL) were observed
in all sites when compared with baseline values. The
improvements were statistically significant for all the three
groups at 1 and 3 months when compared to baseline [Table 4].
At the termination of study, Group A showed 0.50 + 0.45 mm
more improvement in clinical attachment level than Group C,
which was statistically significant. Whereas, Group B produced

Table 1: Comparison of mean values of plaque index scores at Baseline, 1 month and 3 months

Time interval MeanxSD Difference from baseline P value Difference from 1 month Pvalue
Baseline 2.46+0.54 - - -
1 month 1.06+0.29 1.39£0.51 0.00 -
3 months 0.71£0.25 1.74£0.63 0.00 0.35+0.34 0.00
Table 2: Comparison of mean values of gingival index scores at baseline, 1 month and 3 months
Time interval MeantSD Difference from baseline P value Difference from 1 month P value
Baseline 1.92+0.55
1 month 0.98+0.30 0.94+0.43 0.00
3 months 0.73+0.19 1.18+0.51 0.00 0.24+0.24 0.00
Table 3: Intergroup comparison of mean values of pocket depth at baseline, 1 month and 3 months
Time interval Group Mean+SD Comparison MeantSD P value
Baseline A 6.85+0.81 Group A versus group C 0.65+0.10 0.06
B 6.80+1.00 Group B versus group C 0.55+0.09 0.2
C 6.25+0.91 Group A versus group B 0.05+0.19 0.65
1 month A 4.75+0.72 Group A versus group C 0.55+0.08 0.02
B 5.10+£1.02 Group B versus group C 0.20+0.22 0.49
C 5.304+0.80 Group A versus group B 0.35+0.30 0.21
3 months A 3.75+0.79 Group A versus group C 0.85+0.03 0
B 4.10+0.91 Group B versus group C 0.50+0.09 0.07
C 4.60+0.82 Group A versus group B 0.35+0.12 0.2
Table 4: Intergroup comparison of mean values of clinical attachment level at baseline, 1 month and 3 months
Time interval Group MeanSD Comparison MeanSD P value
Baseline A 7.05+1.65 Group A versus group C 0.404+0.10 0.14
B 6.60+1.99 Group B versus group C 0.05+0.24 0.86
C 6.65+1.75 Group A versus group B 0.45+0.34 0.13
1 month A 5.30+1.31 Group A versus group C 0.60+0.12 0
B 5.45+1.65 Group B versus group C 0.45+0.22 0.07
C 5.90+1.43 Group A versus group B 1.15+0.34 0.52
3 months A 4.45+1.20 Group A versus group C 0.50+0.45 0.03
B 4.60£1.76 Group B versus group C 0.35+0.11 0.2
C 4.95+1.65 Group A versus group B 0.15+0.56 0.53
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Figure 3: Mean pocket depth reduction at different time
intervals

0.2510.11 mm more improvement in clinical attachment level
than Group C which was statistically non-significant when
compared to Group C at 3 months. The difference in CAL gain
between Group A and B at 3 months was 0.15 % 0.56 which
was statistically non-significant. Figure 4 shows mean clinical
attachment gain at different time intervals.

Adverse reaction

Adverse effects were in direct relation to the treatments
(scaling, application of microspheres or gel). The most
common complaint was related to the bitter taste of
the metronidazole reported in majority of patients. The
other minor complaints included tooth sensitivity, dental
pain, headache, etc., which did not influence patient
compliance.

No clinically significant changes in vital signs or hard- or
soft-tissues were noted during the course of study.

Discussion

The present study was designed to evaluate the clinical
efficacy of locally delivered minocycline microspheres and
metronidazole gel use as an adjunct to SRP.

The use of local drugs dates back to 1979 when Goodsoneet al., 1%
discovered local drug delivery system for tetracycline antibiotic."
Since then, chlorhexidine (Addy 1982)," doxycycline (Garret
1999),® minocycline (Jones 1994),° metronidazole (Addy 1982)*!
and ofloxacin (Higashi 1990)"'® antimicrobials in the formulation
of local delivery devices, have been used for the treatment of
periodontitis with variable results.

Amongst the advantages of local drug delivery, most
important is that it can attain 100-fold higher concentration
of an anti-microbial agent in subgingival sites compared with
a systemic drug regimen. It may employ antimicrobial agents
not suitable for systemic administration, e.g., broad-spectrum
antiseptic solutions. It reduces potential problems with
patient compliance. It reduces systemic side effects. It
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Figure 4: Mean clinical attachment gain at different time
intervals

reduces the risk of developing drug-resistant microbial
populations at non oral body sites.!'”!

Tetracycline group of antibiotics are the most commonly used
active agents for the treatment of periodontitis because they
are active against periodontopathic micro-organisms, and
they offer better resorption, protein binding, diffusion into
tissue structure and anti-collagenase property. High degree
substantivity is one of the most important characteristics of the
drugs and agents to be used for control of microbial plaque.'®!
Substantive effects of the tetracyclines within the periodontal
pocket-adjacent tooth surface environment have been well
documented."™ The local drug delivery system (Arestin™) in
the present study uses a technology of microencapsulating
minocycline hydrochloride in a bioabsorbable polymer
as the vehicle (polyglycolide-co-dl-lactide). The resulting
microspheres are administered in powder form into the
diseased periodontal site. Immediately upon contact with
moisture, the polymer begins to hydrolyze and release
minocycline. The administration results in a sustained local
release of the antibiotic whereby concentrations of 340 ugm/ml
have been measured in human crevicular fluid even after
14 days. These concentrations far exceed the Minimum
Inhibitory Concentrations (MICs) for periodontal pathogens.*!

Metronidazole specifically targets anaerobic microorganisms
but has essentially no activity against aerobic or microaerophilic
bacteria. Since anaerobic bacteria are believed to be the
predominant causative factor in periodontitis, it might
be advantageous to use it in the treatment of chronic
periodontitis.?!!

The local drug delivery system (Elyzol) uses a semi-solid
suspension of metronidazole benzoate in a mixture of
glyceryl mono-oleate and triglyceride (Sesame oil). It is
applied in viscous consistency to the pocket where it is
liquidized by the body heat and then hardens again forming
crystals in contact with water. As a precursor, the preparation
contains metronidazole-benozate, which is converted into
active substances by esterases in the Gingival Crevicular
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Fluid (GCF). The MIC,; (minimum inhibiting concentration
with 50% inhibitory effect) for the suspected pathogens has
been shown to be maintained throughout a 24-hour period
after one single gel application.”” Since metronidazole
does not have substantivity beyond 24 h, the application of
Elyzol was repeated at 7 days, to maintain effective levels
for periopathogens, and to produce additional benefit of the
drug for remaining microbes."*!

It is well established that in organized biofilms, the
microorganisms are less susceptible to antimicrobials and
there is retarded or incomplete penetration of the agent into
the biofilm.?* Thus, previous biofilm removal could favor
greater effectiveness of the antibiotic against subgingival
pathogens, leading to improved healing response./!

A split mouth design was used in the present study. It has
been suggested that a split mouth design may induce a
carry-over effect of subgingival antibiotic administration due
to wash out of anti-microbial agent and boosting of systemic
responses.l'” Although, its’ true, Imery 1986 believed that
gingival crevicular fluid is relatively isolated from saliva.l?°!
Moreover, split mouth design has the big advantage in that
it allows paired comparisons to be made."’!

All the patients showed statistically and clinically significant
improvements in gingival and plaque index at both follow-up
visit, when compared to baseline levels. Both the gingival
and plaque indices remained satisfactory during the entire
study period, suggesting that patients complied with the oral
hygiene instructions."

In the group treated with minocycline microspheres (Group A),
the clinical reduction in probing depth and gain in CAL was
substantial and consistent with the reduction of inflammation
in the adjacent gingival tissues and reduction in subgingival
bacterial load due to minocycline.">? The seemingly greater
closure of pockets could be due to possibility of minocycline
absorbing onto mineralized dental structures, where it
may act as a transient reservoir of the antimicrobial agent
during period of substantivity. The drug release kinetics of
minocycline is of zero order i.e., it maintains a steady drug
concentration for prolonged period of time.™

In the group treated with metronidazole gel (Group B) the
clinical reduction in probing depth was substantial and
consistent with the reduction of inflammation in the adjacent
gingival tissues and reduction in subgingival bacterial load
due to metronidazole. This reduction in inflammation and
presence of healing in the connective tissue subjacent to the
junctional epithelium is the primary reason for reducing the
depth of periodontal probe penetration after treatment.*!
Metronidazole follows first order kinetics i.e., gel provides
increased drug concentration for 24 h after which it
subsequently decreases rapidly at a rate directly proportional
to their pocket concentration.””!

Clinical improvement, that is reduction in pocket probing
depth and gain in clinical attachment in Group C is due
to elimination of local etiologic factors, It has also been
proposed that SRP may also elicit a local and systemic host
response that would aid in eliminating local infection and
promote healing.?!

The greater gain in CAL in Group A than Group B could be
attributed to the non-antibiotic properties of Tetracyclines
namely anti-collagenase and anti-inflammatory effect.

Paquette et al.(2004)"° and Williams et al.(2001)?% concluded
that minocycline microspheres were more effective than SRP
alone in reducing probing depths in chronic Periodontitis
patients. Griffiths et al.(2000)?® concluded that metronidazole
gel produced significantly better results in terms of pocket
depth and CAL when used in combination with SRP. These
reports demonstrated improvements related to probing
depth reductions and gain in clinical attachment levels that
coincided with the results of the current study.

Conclusion

All treatment groups showed significant reduction in probing
pocket depth and clinical attachment level gain at 1 and
3 months when compared to baseline. Minocycline treated
group showed better efficacy in terms of gain in clinical
attachment level and reduction in probing pocket depth
followed by metronidazole treated group and then by SRP

group.
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