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Review Article

Tetracycline as local drug delivery in
treatment of chronic periodontitis:
A systematic review and meta-analysis

Prasad Shyamrajan Nadig, Monali Amit Shah

Abstract:

Background: The aim of the present meta-analysis is to determine the efficacy of tetracycline group of antibiotics
as local drug delivery agents in the treatment of chronic periodontitis. Materials and Methods: MEDLINE, EBSCO,
Cochrane database, and Google Scholar were used to identify studies in English published up to January 31, 2017.
An additional hand search of relevant journals and of the bibliographies of the paper identified was also performed.
Articles retrieved were screened using specific inclusion criteria by two independent reviewers. Randomized
control trials investigating the effect of tetracycline group of antibiotics as local drug delivery agents in chronic
periodontitis were included in the study. Results: Ten relevant articles were selected for the meta-analysis, of
which five articles were retrieved after electronic search, three articles were included after hand search, and
two unpublished articles were included. The number of patients in studies ranged from 13 to 140 sites with
mean age ranging from 20 to 75. A total of 588 sites were treated using tetracycline group of antibiotics as local
drug delivery agents in the treatment of chronic periodontitis. The meta-analysis showed standard difference in
mean -1.02 mm (95% confidence interval [Cl] 0.28, 1.75) for clinical gain in attachment in favor of tetracycline
group. Standard difference in mean for probing depth (PD) was 1.20 mm (95% CI 0.57, 1.87) in tetracycline group.
Conclusion: The results of this meta-analysis showed a significant improvement in periodontal parameters such
as CAL, PD, and sulcular bleeding index in favor of tetracycline as local drug delivery compared to placebo.

Key words:
Chronic periodontitis, local drug delivery, meta-analysis, nonsurgical periodontal therapy, tetracycline

INTRODUCTION in periodontology has gained acceptance and
popularity compared to systemic drugs due to
decreased risk in development of resistant flora,

Periodontal flora plays the most important
opportunist infection, and side effects.™

role in initiation and progression
of periodontal diseases. The presence of
diverse microorganism renders the use of
different antimicrobials in treatment of chronic
periodontitis as an adjunct to mechanical

Tetracycline in different form holds great promise
in controlling the progression of periodontal
disease by their ability to reduce microbial

debridement. Antibacterial agents have
become an integral part of the therapeutic
armamentarium, but systemic use of antibiotics
is discouraged due to its side effects.!

The tetracycline groups of drug are among the
most widely used agents to treat periodontal
disease. These are used both systematically
and also as local drug delivery agent which
have the advantage of avoiding the harmful
effect of systemic administration including the
development of resistant flora, suppression of
normal flora and poor patient compliance.”

Local deliveries of antibacterial agents into
periodontal pockets have been extensively
studied since 1979.5 This mode of drug delivery
avoids most of the problems associated with
systemic therapy, limiting the drug to its
target site, and hence achieving a much higher
concentration. Local drug delivery agents (LDD)

burden, to block collagenase activity, and to
potentially inhibit bone loss.>®l Meta-analysis
published in 2003 reported a significant mean
reduction in probing depth (PD) in favor of
local tetracycline therapy and suggested more
advantage with fibers compared to other devices.
Contradictory to these results, meta-analysis
in 2013¥ concluded that there is no significant
improvement and suggested use of this evidence
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with caution as high degree of heterogeneity and high risk of
bias in the included trials.

Recent trials**'° evaluated sustained release system
incorporating tetracycline gave promising results except
one study,™ but pooling of data of such trials and its quality
assessment is required before implementing in clinical practice.

MATERIALS AND METHODS

Search strategy

A systematic search was performed using search terms
(periodontitis, periodontal pocket, tetracycline, doxycycline,
minocycline, LDD) and searched four electronic databases,
namely, MEDLINE, EBSCO, Cochrane database, and Google
Scholar up to January 31, 2017. Limits used were “humans.”
We searched only for randomized controlled trials. Additional
studies were retrieved through hand search of the references
from relevant articles, manual search of journals, and studies
cited for the products approvals. Authors independently
reviewed all titles retrieved and abstracts were screened
where title was unclear. The abstracts thus found relevant
were selected for full text reading. The articles selected for
full text reading were read and evaluated by the individual
reviewer independently for assessing the risk of bias and
retrieving the information relevant for the review and
meta-analysis.

Study eligibility criteria

Inclusion criteria were all randomized control trial (RCTs)
where tetracycline is used as LDD in patients with
periodontitis and one of the clinical outcome variables is
clinical attachment level (CAL) or PD. Studies with aggressive
periodontitis and smokers were excluded from the study.
Primary outcome of interest were CAL and PD. Secondary
outcomes considered were gingival index (GI) and sulcular
bleeding index (SBI).

Data extraction and assessment of quality of trial

Data were extracted individually by two authors. The details
of place, sample size, age, intervention, comparator, follow-up,
and outcome were recorded from included studies. Risk of
bias was assessed according to Cochrane assessment of risk
of bias tool"® based on randomization, blinding, allocation
concealment, loss to follow-up, and intention to treat analysis.
Quality of included trials was categorized as high risk,
moderate risk, and low risk if more than two, two, or one
criterion were not fulfilled, respectively.

Table 1: Risk of bias in included trials

Statistical analysis

We used comprehensive meta-analysis version 2 for pooling
the results. Standard difference of mean was used as the
outcome measure for pooling the data. Change in the clinical
parameters from baseline to follow-up was considered for
meta-analysis. Results of the studies with data of baseline and
follow-up, change in the parameter were calculated. I* was
used as a measure of heterogeneity. I* >50% was considered
statistically significant heterogeneity. Random effects” model
was used for pooling the mean difference when pooled results
with fixed effect model and random effect model were different.
A sensitivity analysis was also carried out to find if any study
had grossly impacted the overall pooled result. None of the
study was excluded on the basis of risk of bias.

RESULTS

Studies retrieved

Ten relevant studies were retrieved after systematic search
of literature.111317201 Seyen articles were retrieved after
electronic search of medical database and included for reading
full text21112141920211 and four articles were included after hand
search.!1%13181 Unpublished data of two studies were obtained
from approval letter available at center for drug evaluation and
research, USA.["] Three articles were excluded for the reason
as no random concealed allocation or blinding done," cases
of aggressive periodontitis were also included!” and results
of control group not available [Figure 1].1"

Risk of bias in included trials

Using Cochrane tool for assessing risk of bias, two studies
showed low risk of bias and two studies showed moderate
risk of bias. Remaining six had high risk of bias [Table 1].
All included trials had random allocation, but only two
had concealed allocation."”! Only four trials had adequate
information about blinding."*"”!8 Two of the trial has issues
related to loss to follow-up, but intention to treat analysis was
done for the same.l'! In all studies, baseline characteristics
were similar.

Study characteristics

Two out of ten included studies were conducted in USA"!
and one in Brazil;["®! others were conducted in India.>°11.1319.20]
The number of sites in studies ranged from 13 to 140. The age
of the subjects included ranged from 20 to 75 years. PD was
considered for inclusion of participants in all studies and it
ranged from 5 to 9 mm. In all of the studies, an initial course
of periodontal therapy was completed, including oral hygiene

Authors Randomization  Allocation concealment Blinding Baseline characteristics  Estimated risk of bias
OPI study A*l'" Yes Yes Yes Similar Low

OPI study B*!'" Yes Yes Yes Similar Low
Singh et al.® Yes No No Similar High
Sachdeva and Agarwall™® Yes No No Similar High
Sweatha et al.l'¥ Yes No Yes Similar Moderate
Cortelli et al.l'® Yes No Yes Similar Moderate
Sinha et al.l'l Yes No No Similar High

Jain et al.® Yes No No Similar High
Gopinath et all'¥ Yes No No Similar High
Gupta et al.?? Yes No No Similar High

*Intention to treat analysis done and others do not have any loss to follow-up

Journal of Indian Society of Periodontology - Volume 20, Issue 6, November-December 2016 577



[Downloaded free from http://www.jisponline.com on Thursday, April 30, 2020, IP: 14.139.121.113]

Nadig and Shah: Tetracycline as LDD: A meta-analysis

instructions and full mouth scaling and root planning. Of
ten included studies, only one had used doxycycline as
LDD,™ six studies had used 2% minocycline gel>!317-1]
where remaining three had used 8% tetracycline fibers.!!
Follow-up period varies from 3 to 9 months [Table 2]. Seven

Records identified through
database searching
(n =199 )

v

studies evaluated PD after 3 months, five did follow-up for
6 months and four followed up the participants for 9 months.
Only six studies evaluated attachment gain where four had
follow-up for up to 3 months and three had follow-up results
after 6 months also.

Additional records identified
through other sources
(n=178 )

v

Titles screened after duplicates
removed
(n=199)

v

Articles screened after relavant
titles screened

(n=10)
Articles excluded after
> abstract screening
¥y (n=3)
Full-text articles
assessed for Full-text articles
Articles included eligibility > excluded, with
after hand search reasons
and unpublished data >
(n=5) y
Studies included in qualitative synthesis
(n=10%)
*the unpublished article retrieved has
data from two individual studies
v
Studies included in quantitative
synthesis (meta-analysis)
(n=10)
Figure 1: Systematic Search
Table 2: Details of included studies
Authors Year/place = Sample Agerange Therapy Follow up Inclusion criteria
test/control (months)
OPI study Al 2000/USA 121/124 >30 SRP + 2% minocycline gel 9 6-9 mm PD
OPI study Bl 2000/USA 128/126 >30 SRP + 2% minocycline gel 9 6-9 mm PD
Singh et al. 2014/India 140/140 20-50 SRP + tetracycline fibers 6 PD 5-8 mm, CAL >3 mm and BOP
(2 mg tetracycline in 25 mg positive
collagen 8%)
Sachdeva and  2011/India 35/35 35-60 SRP + tetracycline fibers 3 PD =5 mm BOP negative
Agarwall'® (2 mg tetracycline in 25 mg
collagen 8%)
Sweatha et all'™® 2015/India 36/36 30-60 SRP + 2% minocycline gel 3,6 >5 mm PD radiographic evidence
of bone loss
Cortelli et all'®  2016/Brazil 13/13 26-69 SRP + 2% minocycline gel 3, 6,9,12,24 =6 mm PD (single-rooted teeth)
Sinha et al.l'l 2014/India 100/100 30-50 SRP + tetracycline fibers 3 =5mm
(2 mg tetracycline in 25 mg
collagen 8%)
Jain et al.® 2012/India 15/15 Not mentioned SRP + 2% minocycline gel 3,6,9 CAL >5 mm on at least two teeth
Gopinath et al"® 2009/India 30/30 35-50 SRP + 2% minocycline gel 1,3,6 PD 5-8 mm, radiographic evidence
of alveolar bone loss
Gupta et al.?? 2008/India 45/45 25-75 SRP + atridox gel (10% 3 5-8 mm PD

doxycycline hyclate gel)

SRP — Scaling and root planning; PD — Probing depth; CAL — Clinical attachment level; BOP — Bleeding on probing

578

Journal of Indian Society of Periodontology - Volume 20, Issue 6, November-December 2016



Outcomes

Change in attachment level

All included studies reported gain in attachment in both
test and control group. Gain in attachment reported in
tetracycline LDD group ranged from 1.73 = 0.90 mm®@"
to 3.40 = 0.70 mm™! at 3 months and 3.20 + 0.90 mm® to
4.06 + 0.67 mm!™! at 6 months [Table 3]. Attachment gain

Nadig and Shah: Tetracycline as LDD: A meta-analysis
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Table 3: Results of included studies

was significant in all tetracycline group compared with that
of placebo at 3 months using fixed effect model (standard

difference in mean: 1.23 mm; 95% confidence interval [CI]:
1.03-1.43) [Figure 2]. Gain in attachment was significant after
6 months in all tetracycline group compared to placebo using
random effect model (standard difference in mean: 1.02 with
95% CI 0.28-1.75) [Figure 3].

Authors Follow-up period (months) Clinical parameters Change in clinical parameters
Control Test
OPI study Al' 9 PD PD 1.04+0.81 PD 1.20+0.79
OPI study Bl 9 PD PD 1.32+0.80 PD 1.63+0.80
Singh et al.l¥! 6 PD, CAL PD 1.46x1.22 PD 2.71£1.04
CAL 1.51x£1.26 CAL 3.20+0.90
Sachdeva and 3 PI, Gl, PD, CAL P11.51+0.44 P11.81+0.41
Agarwall'® Gl 1.28+0.28 Gl11.79+0.35
PD 1.57+0.65 PD 2.69+0.71
CAL 1.03+0.51 CAL 1.89+0.63
Sweatha et all"® 3,6 Pl, GlI, GBI, PD, CAL 3 months 3 months
Pl 1.16+0.27 Pl 1.63+0.83
Gl 1.05+0.26 Gl 1.33+0.26
GBI 1.01+£0.37 GBI 1.10+£0.33
PD 2.46+0.42 PD 3.29+0.63
CAL 2.82+0.56 CAL 3.40+0.70
6 months 6 months
P11.72+0.20 P12.47+0.82
Gl 1.27+0.27 Gl 1.72+0.20
GBI 1.35+0.36 GBI 1.31+£0.32
PD 5.29+0.47 PD 3.88+0.64
CAL 3.31+0.55 CAL 4.06+0.67
Cortelli et al.l"® 3,6,9 PD, PI, GI 3 months 3 months
PD 2.66+1.33 PD 3.14+0.84
Pl 0.20+0.41 P10.36+0.38
Gl 0.63+0.19 Gl 0.55+0.31
6 months 6 months
PD 2.80+0.63 PD 3.40+0.83
P10.38+0.45 P10.40+0.42
Gl 0.63+0.37 Gl 0.69+0.29
9 months 9 months
PD 2.66+1.27 PD 4.08+0.79
P10.51+0.38 P10.50+0.37
Gl 0.63+0.41 Gl 0.65+0.30
Sinha et al.'" 3 Gl, SBI, CAL, PD Gl 0.70+0.33 Gl 0.93+0.36
SBI 0.46+0.32 SBI 1.35+0.29
PD 1.17+0.63 PD 1.01+0.71
CAL 1.02+0.60 CAL 2.53+1.23
Jain et al.”! 3,6,9 PD, RAL 3 months 3 months
PD 1.8+0.82 PD 2.46+0.93
RAL 1.51+1.46 RAL 1.73+1.51
6 months 6 months
PD 1.78+0.83 PD 1.93+0.86
9 months 9 months
PD 1.39+0.82 PD 1.54+0.81
RAL 1.62+1.47 RAL 1.74+1.41
Gopinath et al.l"® 3,6 Pl, GI, PD 3 months 3 months
P10.42+0.42 P10.72+0.32
Gl 0.28+0.50 Gl 0.80+0.41
PD 0.24+1.07 PD 1.73+0.87
6 months 6 months
Pl 0.53+0.39 P10.78+0.32
Gl 0.38+0.49 Gl 0.95+0.49
PD 0.37+1.08 PD 1.67+0.96
Gupta et al.?% 3 PD, CAL PD 1.56+1.50 PD 2.75+1.33
CAL 0.86+0.68 CAL 1.73+0.90

PD — Probing depth; CAL — Clinical attachment level; Pl — Plaque index; Gl — Gingival index; GBI — Gingival bleeding index; SBI — Sulcular bleeding index;

RAL — Relative attachment level
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Change in probing depth

All studies included in this meta-analysis had reported
a significant reduction in PD at 3 months, 10131819201
6 months,>*131511 and 9 months>'7!! in favor of tetracycline
as LDD. Reduction in PD reported in tetracycline group
ranged from 1.01 + 0.71 mm™ to0 3.29 + 0.63 mm!"¥ at 3 months,
1.67 + 0.96 mm[! to 3.88 + 0.64 mm!"® at 6 months, and
1.20 + 0.79 mm[”! to 4.08 + 0.79 mm!"®¥! at 9 months [Table 3].
Reduction in PD local tetracycline group compared to control
group was 0.80 mm with 95% CI 0.62-0.98 at 3 months (fixed
effect model) [Figure 4] and 1.20 mm with 95% CI 0.57-1.87 at
6 months (fixed effect model) [Figure 5]. The pooled analysis

for PD at 9 months reported change of 0.33 mm with 95% CI
0.16-0.50 using fixed effect model [Figure 6].

Others

8% tetracycline fibers are used for local drug in three studies®!!
where clinical parameters and follow-up were different, so data
cannot be pooled. Singh et al.’! evaluated PD and CAL after
6 months and found statistically significant change in favor
of test [Table 3]. Sachdeva and Agarwal"! also evaluated PD
and CAL, but follow-up period was 3 months. They found
significant improvement in both test and control groups. Sinha
et al." has evaluated effect of tetracycline fibers on PD and

Study name Statistics for each study Std diff in means and 95% Cl
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Valuep-Value
SachdevaSetal® 150 027 007 097 203 555 000 T+
SweathaCetal™ 092 025 006 043 140 369 000 —
Sinha Setal ! 156 016 003 124 168 966 000 -
JainRetal? 015 037 013 057 086 041 069 B
GuptaRetal® 109 023 005 065 153 483 000 ——
123 010 001 105 143 1205 000 L 2
Overall =84.83, P<0.001) 250 4.25 0.00 1.25 250
Favours contol Favours test
Meta Analysis for attachment gain with all tetracycline at 3 months
Figure 2: Change in clinical attachment level at 3 months
Study name Statistics for each study Std diff in means and 9% CI
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Valuep-Value
SnghMeta® 154 044 002 128 181 1134 000 B
SweahaCeta® 122 026 007 072 173 476 000 X+
JainR et al 008 037 013 -063 080 023 082
102 03 014 028 175 2712 001 ‘
Qverall12=84.94, P<0.001) 400 200 0,00 200 4,00
Favours A Favours B
Meta Analysis for attachment gain with all tetracycline at 6 months

Figure 3: Change in clinical attachment level at 6 months
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Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
inmeans eror Variance limit limit Z-Valuep-Value
SachdevaSeta® 165 028 008 110 219 595 000 s
SweathaCetal® 155 027 007 102 208 577 000 -
Cortelliet al'® 043 040 016 035 121 109 028 =t
SnhaSetal™ 024 014 002 -004 052 168 009 LE
JainRetal 075 038 014 001 149 199 005
GoninathVetal® 153 029 009 095 210 520 000 T
GuptaReta® 084 022 005 041 127 38 000 —
080 009 001 062 098 886 000 &
Overl (=8485, P00 -2.50 126 0.00 126 250
Favours contol Favours test
Meta Analysis for Change in PD with all tetracycline at 3 months
Figure 4: Change in probing depth at 3 months
Study name Statistics for each study Stddiffin means and 95% CI
Stddiff Standard Lower Upper
inmeans error Variance limit limit Z-Valuep-Value
SinghMetal’ 111 043 002 08 136 863 000
SweathaCetal® 251 032 010 189 313 797 0.00 —
Cortelligtal'® 081 041 047 001 161 200 005
JainR etal? 018 037 043 054 089 049 063 —i—
GopinathVetal® 127 028 008 072 183 449 000
120 032 040 057 182 376 000
Overall(12=84.94, P<0.001) 250 425 0.00 1.25 250
Favours contol Favours test
Meta Analysis for Change in PD with all tetracycline at 6 months
Figure 5: Change in probing depth at 6 months
CAL after 3 months and found a significant change in CAL in DISCUSSION

favor of test [Table 3]. GI was evaluated at 3 months,!1011.131819]
and significant improvement is observed in both LDD and
placebo group, but significant difference between the groups
was not observed. Similarly at 6 months, three studies!'*!%1’]
evaluated GI and no significant difference between the groups
was found. Similarly at 3 months, SBI/ gingival bleeding index
was not showing significant difference between the groups!' 3
and even at 6 months.["

Journal of Indian Society of Periodontology - Volume 20, Issue 6, November-December 2016

The use of local antimicrobial agent is to prevent or control
microbial-induced inflammation in an effective concentration
and be maintained long enough for the desired effect to be
accomplished without causing any side effect.

The present systematic review and meta-analysis are
aimed to evaluate the clinical effectiveness of local
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Overall (1 =56.11,P>0.05)

Statistics for each study
Std diff Standard Lower Upper
Studyname iy means error Variance fimit Iﬁgit ZValuep-Value
OPIAT 020 015 002 005 045 15
OPBT 03 013 002 014 08 306
Cotlieta® 134 043 019 049 218 308
lanRetal? 018 037 013 953 090 050
033 009 001 016 050 384

St diffin means and 4% Cl

012 LB
000 .}
0.00 —r
061 —
0.00 &
250 425 0.00 1.25 250
Favours contol Favours test

Meta Analysis for Change in PD with all tetracycline at 9 months

Figure 6: Change in probing depth at 9 months

antimicrobial agent tetracycline in the management of
chronic periodontitis.

The scientific literature in English up to and including January
2017 was searched for RCT. To the best of our knowledge, till
date, there is no published meta-analysis evaluating the clinical
effectiveness of tetracycline group of local antimicrobial agent
in the management of chronic periodontitis.

The assessment of the quality revealed high risk of bias in
majority of included studies. The result of the systematic analysis
did not demonstrated any significant difference among different
studies in relation to study design, inclusion and exclusion
criteria, outcome variables, patients’ follow-up duration.

The CAL and PD were used as primary variables and PI and
SBI were used as secondary outcome variables. All the variables
showed overall positive effects.

Summary of main results

Gain in CAL and reduction in PD are the major clinical outcome
to determine the success of local drug delivery system. All
the included RCTs observed statistical significance for CAL
in tetracycline and placebo group while reduction in PD was
significantly more in tetracycline group compared to placebo.

Attachment gain is the most desirable outcome in success of
periodontal therapy. Significant attachment gain was observed
in all tetracycline groups at three and 6 months (1.23 mm:
1.03, 1.43 and 1.02 mm: 0.28, 1.75 respectively). These results
are clinically significant also. Significant heterogeneity was
observed for CAL at three and 6 months (> = 74.8, P = 0.003
and I = 85.98, P = 0.001, respectively). For the pooled results
at 3 months, fixed effect model was used as fixed and random
effect model showed similar results while for 6 months, random

582

effect model was used as both models showed difference in
pooled observation.

Reduction in PD is one of the desirable outcomes of any
periodontal therapy and is most important for the maintenance
there after. In all tetracycline group, significant reduction in
PD was observed at 3, 6, and 9 months. For pooling the data
of results, fixed effect model was used as despite of significant
heterogeneity, results of fixed effect model and random effect
model were similar.

SBI and GI were secondary outcome variable for this
meta-analysis. Pooling of data for the SBI was not possible
because only two studies have measured the outcome and one
of those have used 2% minocycline!'¥ and others have used 8%
tetracycline." Significant improvement in these inflammatory
markers was observed at three and 6 months, but difference
between tetracycline and placebo groups was not observed.
GI was observed in five studies!!®!1318191 where significant
difference between test and control group was not found.

Analysis of study design

All the ten included trials reported adequate randomization
while allocation was concealed only in two trials."”? Four
trials™®'718 had reported proper blinding and others were not
clear. All the included trials reported similar baseline value
for periodontal parameters evaluated. Using Cochrane tool
for assessing risk of bias, two trials!"” had low risk of bias and
twol'*8 had moderate risk of bias.

Limitation of the present meta-analysis

One of the primary limitations of this analysis is the inclusion
of only English RCTs. Despite of significant heterogeneity, the
data were pooled. The reviewers were not able to procure data
from any ongoing trials.

Journal of Indian Society of Periodontology - Volume 20, Issue 6, November-December 2016
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CONCLUSION

The systematic appraisal of the evidences on efficacy of
tetracycline group as LDD on CAL and PD has confirmed
the benefits compared to placebo. This meta-analysis showed
1.02 mm (0.28, 1.75) gain in CAL and reduction of 1.20 mm
(0.57,1.87) in PD after 6 months in favor of all tetracycline

Clinical implications

This meta-analysis showed significant improvements in clinical
periodontal parameters such as CAL and PD for moderate to
severe chronic periodontitis cases in favor of tetracycline as
LDD compared to placebo. Tetracycline as LDD is effective,
user-friendly, and cost-effective so can be more widely used
in nonsurgical periodontal therapy.

Implication for future research

Efficacy of tetracycline as LDD can be studied and compared
with other drugs and for other form of periodontitis. Different
vehicles and concentration are also needed to be studied in
larger high quality RCTs. The effect of tetracycline as LDD on
the periodontal pathogens can also be studied. Evidence-based
systemic review and meta-analysis can be performed to include
data published in language other than English.
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