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Abstract:

Background: The aim of this study was to evaluate the effect
of local doxycycline (Atridox) as an adjunctive to non-surgical
periodontal treatment on clinical parameters and gingival crevicular
fluid (GCF) levels of matrix meatalloproteinase-8 in patients with
chronic periodontitis.

Materials and Methods: A double-blind spilt mouth; randomized,
controlled clinical trial was conducted in 30 patients with moderate
to severe chronic periodontitis. Two teeth were selected from
similar quadrants with a probing pocket depth >5 mm, and
randomly allocated into test and control groups. The control
group was treated with scaling and root planning (SRP) only;
the test group was treated with SRP and received adjunctive
local Atridox. Periodontal clinical parameters were recorded and
matrix metalloproteinases-8 (MMP-8) level in GCF samples were
determined using the enzyme-linked immunosorbent assay at
baseline and 1, 3 months.

Results: Statistically significant reduction in probing depth and
clinical attachment level and GCF MMP-8 was found in test and
control groups compared with baseline, test group showed a
significant reduction in clinical parameters and GCF MMP-8 level
compared with the control group.

Conclusion: Local delivery doxycycline (Atridox) combined with
SRP significantly improved the clinical parameters and decreased
GCF level of MMP-8.
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Introduction

Chronic periodontitis is one of the most common and
progressive diseases, characterized by destruction of the
tissues supporting the tooth." However, the presence of
bacteria is necessary for disease but not sufficient for the
initiation and progression of diseases.? It's now well recognized
that the releasing of inflammatory factors from host cells in
response to the presence of bacterial plaque plays the main
role in periodontal tissue destruction.’ These inflammatory
responses lead to the destruction of tooth supporting tissue,
alveolar bone, periodontal ligament, and consequently loss of
tooth.** During this event, the most important component of
periodontium lost is the collagen Type I, which forms a major
part of periodontal ligament and organic matrix of alveolar
bone.® Four distinct pathways which cause destruction:
Plasminogen-dependent, phagocytic, osteoclastic, and matrix
metalloproteinases (MMPs). A wide range of evidence
demonstrate the major role of MMP in the periodontal
tissue destruction.” Matrix metalloproteases are a family of
zinc-dependent metalloproteinases and a group of at least
23 genetically distinct but structurally related proteases.®’
Gingival crevicular fluid (GCF) level of MMP-8 in patients
with chronic periodontitis significantly increases compared
to healthy tissue, and there is a strong relationship between
higher level of gingival tissues MMP-8, probing depth (PD),
and clinical attachment level (CAL).'° Studies showed the fact
that neutrophil MMPs (MMP-8, MMP-9) cleave collagens
more than other MMPs and play the major role in periodontal
diseases.'"'* Various studies found decrease in level and activity
of GCF MMP-8, following successful periodontal treatment.'
GCFisamodified serum transudate or inflammatory exudates
which contains component of connective tissues, epithelial
cells, and bacteria. These components of GCF are used in the
diagnosis of periodontal disease."

Lee et al.” study indicated that an increase of 40% was observed
in activity level of collagenase during the destruction of
periodontal tissues. Their study also confirmed existence of
a strong relationship between direct role of active neutrophil
collagenase and destruction of periodontal tissues.

The mechanical debridement intervention is the gold standard
of periodontal therapy which can be accompanied with the local
or systemic use of antibiotics.'®'” Recently, a new treatment
strategy has been provided for host modulation. The aim of
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this method is to inhibit the MMPs activity and to prevent
tissue destruction.'®" Figueredo et al.** in a study demonstrated
clinical improvements and a reduction in MMP-8 level of GCF
after non-surgical treatment in both gingivitis and periodontitis
patients. Golub et al.*' showed that subantimicrobial doses of
doxycycline improved clinical parameters. Tetracycline has the
inhibitory effect on neutrophil collagenases such as MMP-8; it
reduced the MMP level without creating microbial resistance.
In another study performed by Crout et al.,”* a 20 mg dose of
doxycycline twice a day, decreased neutrophil collagenase, and
improved attachmentlevel and PD in the periodontal patients.
The use of systemic antibiotics is accompanied with side effects
such as hypersensitivity and gastrointestinal intolerance.”
Hence, the local route of antibiotics and administration can
accomplish with the following advantages: Higher therapeutic
dosesin the subgingival site, decreasing side effects of systemic
antibiotics, no drug intervention with other drugs, reducing
advent risk of bacterial resistance, not depend on patient’s
cooperation.** The use of micro-doxycycline local systems
is one of local delivery antimicrobial systems.**¢ Salvi et al.”’
evaluated the clinical effects of metronidazole benzoate 25%
(dental gel elyzol), cholorhexidine gluconate (perichip), and
hyclate doxycycline 8.5% (Atridax) into periodontal pockets
following initial periodontal therapy. The best results were
reported in use of Atridox system. Oringer et al.*® indicated
that the use of local minocycline microspheres lead to
reduction in GCF interleukin-1 and pyridinoline cross-linked
carboxyterminal telopeptide of Type I collagen levels. The
purpose of this study was to identify effect of locally delivered
doxycycline microspheres in combination with scaling and
root planning (SRP) in GCF levels of MMP-8 and clinical
parameters in patients with chronic periodontitis.

Materials and Methods

This double-blind spilt mouth; randomized, controlled clinical
trial was conducted between 2015 and 2016 in Tabriz, Iran.
The protocol employed for this study was approved by the
research council and Ethical Committee of Tabriz University
of Medical Sciences, Iran. This study was registered at Iranian
registry of clinical trial and was IRCT 201601173690N6.

About 32 patients with moderate to severe chronic periodontitis
with a mean age of 35-50 years old were selected. They were
referred to the periodontics department of Tabriz dental
faculty. All patients met the inclusion and exclusion criteria.
Inclusion criteria included moderate to severe chronic
periodontitis, having at least four teeth with PD >5 located in
the contralateral quadrants of the same jaw in the maxilla and
mandible. Selected quadrants randomly divided into control
(SRP) and test groups (SRP + Atridox) by flipping a coin.
Smokers, pregnant, patients allergic to antibiotics, patients
with poor compliance, and patients who used any herbal drug
with effect on MMPs and patients received SRP or periodontal
surgery in the last 6 months were excluded from the research.
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Two teeth were selected randomly as test group, and the other
two teeth were considered as control group at the contralateral
quadrants. Clinical parameters such as PD and CAL at four
areas of the teeth (i.e., mesiobuccal, buccal, distobuccal, and
lingual), bleeding index,? were evaluated. PD was measured
from the gingival margin to pocket base and CAL was defined
as the distance from the cementoenamel junction to the base of
the pocket by UNC-15 (Hu-Fridey Instruments, Chicago, IL,
USA). All subjects received a clinical examination by a single
examiner who was an expert periodontist and blinded to the type
of treatment. Intra-examiner reliability was tested by examining
five patients in an identical manner 1 h apart and observing
more than 95% of recordings being within 1 mm. The selected
sites were isolated with cotton rolls followed by removal of
saliva and supragingival plaque. The baseline sampling was
performed by a #25 paper point placed in the gingival sulcus
of each selected pockets and was removed after 4 min, and
the paper point was placed into test tube full of normal saline.
The test tube was kept in a box filled with dried ice with <20°C
temperature, and then, it was transferred to the laboratory.
Sub and supra-gingival treatments were conducted for all
participants. In two groups, patients subjected to full-mouth
SRP using an ultrasonic device (Various 350, NSK, Japan) and
standard gracey periodontal curettes (Hu-Fridey Instruments,
Chicago, IL, USA) with no time limitation. Patients in both
groups received standard oral hygiene instructions. Instantly,
locally doxycycline (Atridox) was placed in the pockets in
the test group. The Atridox (doxycycline hyclate) (Atrix
Laboratories, NJ) product is a subgingival controlled-release
device including two syringe mixing systems. Syringe A
contains 450 mg of the ATRIGEL® Delivery System, which is
a flowable, bioabsorbable polymeric formulation composed
of 36.7% poly(DLlactide) dissolved in 63.3% N-methyl-2-
pyrrolidone. Syringe B contains 50 mg of doxycycline hyclate
which is equivalent to 42.5 mg doxycycline. This product is a
pale yellow to yellow viscous liquid with a concentration of
10% of doxycycline hyclate. In contact with GCF, the liquid
state solidifies and led to release of drug within 7 days. The
two components of this product were provided in two separate
syringes that were coupled together 15 min before use and
mixed for 100 cycles. After completion of mixing, the coupled
syringes are placed at room temperature to set for 15 min and
then mixed for another 10 cycles before use. Using of 2/3 gauge
cannula attached to the delivery syringe, the prepared product
was slowly transferred into the periodontal pocket. Injection
of local antibiotic started from the base of the pocket until it
reached the gingival margin. After removing of the cannula tip
from the pocket, a wet curette was used to pack any overflow of
Atridox into the pocket. Then, treated sites were covered with
periodontal dressing to keep the material inside the pocket;
this is while the control group received no intervention after
SRP. After application of doxycycline gel, the patients were
instructed to avoid brushing or flossing on the treated site for
7 days, lack of use hard or sticky foods for 7 days and not to
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touch the area with tongue or finger. Oral hygiene instructions
were given to each participant. Furthermore, the patients were
also asked to report immediately, if the periodontal dressing is
dislodged before the scheduled recall visit or if pain, swelling
or any other problem occurs. The patients were recalled after
7 days for the removal of periodontal dressing. The patients
were evaluated 1 month later. Resampling and measurement of
PD, bleeding on probing (BOP) and CAL clinical parameters
was repeated in this session. SRP was conducted at both groups
and Atridox was placed inside pockets of test group’s patients.
The patients were revisited after 3 months and resampling and
measurement clinical parameters were carried out. The samples
level of MMP-8 was studied in the laboratory by enzyme-linked
immunosorbent assay. The study method of using kits made
in R and D Systems, Inc. USA and Canada with catalogue
No: DMP800 for MMP-8 was based on proposed instructions
of the manufacture.

The collected data were analyzed statistically in SPSS. 21.
Descriptive statistical methods (average and standard
deviation) and paired t-test (considering normality of data
distribution based on Kolmogorov-Smirnov test) were used in
this study. In this study, P < 0.05 was considered as statistically
significant.

Results

All patients completed the study period. The analysis of result
ofthe baseline indicated that the test and control groups share
the same profile for CAL, PD, BOP, and MMPs level and
had no statistically significant difference. PD, BOP, and CAL
significantly decreased in the 1 month interval compared to
the baseline in both groups (P < 0.001). These parameters
significantly decreased in the 3 months compared to 1 month
in the test group (P < 0.001) but not significantly decreased
in the 3 months interval compared to 1 month at control
group. Improvements in evaluated clinical parameters in the
treated with Atridox group were significantly higher than the
control group, 1 and 3 months after treatment (P < 0.05)
(Table 1 and Graphs 1-4). The control group level of MMP-8
significantly decreased from baseline (83.66 + 3.5 ng/ml)
to 1 month (53.93 + 5.47 ng/ml) (P < 0.001), but in this
group MMP-8 level changes were not significant from 1 month
(53.93 + 5.47 ng/ml) to 3 months (49.49 + 12.04 ng/ml)
(P =0.056) (Graph 1). In test group, the level of MMP-8
significantly decreased from baseline (85.34 + 3.49 ng/ml) to
oneand 3 months (51.16 + 5 ng/ml) (P<0.001). Furthermore,
reductions were significant from 1 month (51.16 + 5 ng/ml)
to 3 months (28.35 + 3.35 ng/ml) (P < 0.001) in this group
(Table 1).

Discussion

The results of this study indicate that local administration of
Atridox combined with SRP, significantly reduced GCF level
of MMP-8 and improved clinical periodontal parameters in
patients with chronic periodontitis.
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Table 1: Comparison GCF level of MMP-8, PD, BOP and CAL in group

treated with
Indexes Baseline | 1 month |P value|3 months|P value*
MMP-8 (ng/ml)
Control 83.66£3.5 | 53.93+5.47 | <0.001 |49.49+£12.04| 0.056
Atridox 85.34+3.49 | S1.16%5 <0.001 |28.35+3.35| <0.001
Pvalue** 0.059 0.039 <0.001
PD (mm)
Control 5.59+0.41 | 4.62+0.77 | <0.001 | 4.35+0.48 0.213
Atridox 5.69+0.59 | 4.10+£1.14 | <0.001 | 3.05+0.68 <0.001
Pvalue** 0.216 0.037 0.000
BOP (%)
Control 76.02£10.23|47.85£12.54| <0.001 |41.56+15.62| 0.202
Atridox 78.27+£11.95| 41.85+8.07 | <0.001 |14.37£10.49, <0.001
Pvalue** 0.421 0.025 0.000
CAL (mm)
Control 5.58£1.13 | 4.70+1.56 0.045 4.16£1.62 0.305
Atridox 5.60+0.85 | 3.98+1.18 | <0.001 | 3.04£1.05 0.001
P value** 0.927 0.044 0.002
P value: Paired sample t-test for comparison baseline and 1 month, *P value: Paired sample
t-test for comparison 1 and 3 months, **P value: Paired sample t-test for comparison control
and Atridox, CAL: Clinical attachment level, BOP: Bleeding on probing, PD: Probing depth,
IMMP-8: Matrix metalloproteinases 8

Atridox ~ ----- control

% of sites

baseline 1 mounth 3 mounth

MMP-8

Graph 1: Comparison of gingival crevicular fluid level of
matrix metalloproteinases 8 in the treated with Atridox group
and control group.

Atridox

mean
»

baseline 1 mounth 3 mounth

PD

Graph 2: Comparison level of probing depth in treated with
Atridox group and control group.

In spite of existence of relationship between periodontal
diseases and specific pathogen bacteria, study in recent two
decades have shown that majority of periodontal tissue
destruction is caused by an exaggerated host response to
infection.*® Release of inflammatory factors from host cells
in response to the presence of bacteria plays the main role in
periodontal tissues destruction and a wide range of evidence
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Graph 3: Comparison level of bleeding on probing in treated
with Atridox group and control group.
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Graph 4: Comparison level of clinical attachment level in
treated with Atridox group and control group.

have shown that MMPs have the main role in periodontal
destruction.”*” Studies have shown that MMP-8 is a key marker
in chronic periodontitis, and there is a strong relationship
between higher level of GCF MMP-8, PD, CAL, and BOP.*!

According to various evidence MMP-8 has exclusive ability
in the destruction of collagens type I and II1.** Kuula et al.*®
demonstrated MMP-8 has intensive Collagenase activity
and increased level of this enzyme is related to intensity of
periodontal inflammation. In other studies, Rathnayake et al.
and Gursoy et al. reported MMP-8 as an important diagnostic
index in determination severity of periodontal diseases and

alveolar bone destruction.?*%

Non-surgical periodontal treatment including through removal
of sura and subgingival deposits by SRP is considered to be the
gold standard for the prevention and treatment of periodontal
disease.* In addition to achieving a high level of personal oral
hygiene, SRP induces the improvement of inflammation and
stops the progression of periodontal destruction, which leads
to a decrease in PD, reduction in the number of gingival sites
with BOP, attachment gain, and a shift from a predominantly
Gram-negative anaerobe to a gram-positive aerobe subgingival
microbiota.’” However, SRP is not to be successful at all
treated sites. Various systemic and local antimicrobial agents
to provide additional benefits that reinforce non-surgical
therapy effectiveness.”® The use of tetracycline family especially
doxycycline with subantimicrobial doses is effective along
with non-surgical treatments and is mainly effective in cases
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oflocalized acute lesions or single locations insensitive to the
causative therapy.**** Salvi et al. in 2002 investigated the effects
of different drugs after non-surgical treatments on clinical
parameters; the best results were reported with using Atridox.””
Due to advantages of local delivery antibiotics compared to
systemic therapy and also considering that doxycycline has
aboard spectrum of bacteriostatic action and ability to maintain
effective concentration at target site, Atridox was chosen in
the present study.

In this study, significantimprovements in clinical measurements
were observed in chronic periodontitis patients after SRP,
SRP+ Atridox. This was not surprising since mechanical SRP
procedure as the main treatment modality was included in
two groups. Nevertheless, the highest reduction in PD and the
highest gain in attachment level were observed in the SRP plus
local Atridox group. This finding confirms previous studies of
Emingil et al. and Giirkan ef al. who demonstrated favorable
treatment outcomes in the group of SRP and systemic low-
dose doxycycline.*"*

To the best of our knowledge, this is the first study to
investigate the effects of local doxycycline on the GCF levels
of MMP-8 in chronic periodontitis patients. MMP-8 plays a
central role in the turnover and degradation of periodontal
tissues, especially in the degradation of type I collagen.
Since higher levels of MMP-8 have been found in GCF of
periodontitis patients, this enzyme has been suggested to be
suitable for monitoring periodontal conditions.*** The pre-
treatment GCF level of MMP-8 has been shown to decrease
to levels found in periodontal healthy GCF, after non-surgical
periodontal treatment.*"*** Our data have shown that local
usage of Atridox as an adjunct to SRP resulted in GCF MMP-
8 levels comparable to that of the SRP alone. Emingil et al.*!
indicated that low-dose doxycycline therapy in combination
with SRP can reduce GCF MMP-8 levels and improve clinical
periodontal parameters in patients with chronic periodontitis.
Crout et al. and Golubs et al. also obtained similar results in
their studies demonstrated that use of subantimicrobial dose of
doxycycline improves clinical parameters such as attachment
level and PD in patient with periodontitis and decreasing level
of MMP-8 without any microbial resistance.”** Results of the
present study were in agreement with the results of other studies
that evaluated the effect of non-surgical periodontal treatment
along with systemic doxycycline, GCF level of MMP-8 was
significantly decreased. However, amount of improvement in
this study was higher than previous studies; these differences
can be related to higher concentrations of doxycycline in local
application compared to systemic administration. Adjunctive
treatment with Atridox caused a significant decrease of
GCF level of MMP-8, PD, BOP and CAL in the test group
compared to control group in the 1 month interval compared
to baseline and 3 months compared to 1 month interval. An
additional advantage of this study was its split mouth design
that eliminated the effect of confounding factors.
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Conclusion

The findings of this study indicate that local administration
of doxycycline with SRP can improve clinical periodontal
parameters, reduce the GCF MMP-8 level. Further studies
with larger samples are required to establish the effects of 10%
doxycycline hyclate gel in different periodontitis cases.

References

1.

10.

11.

12.

13.

Griffen AL, BeckerMR, LyonsSR,MoeschbergerML, LeysEJ.
Prevalence of Porphyromonas gingivalis and periodontal
health status. ] Clin Microbiol 1998;36(11):3239-42.
Kornman KS. Mapping the pathogenesis of periodontitis:
A new look. J Periodontol 2008;79 8 Suppl:1560-8.
Gapski R, Hasturk H, Van Dyke TE, Oringer R]J,
Wang S, Braun TM, et al. Systemic MMP inhibition
for periodontal wound repair: Results of a multi-centre
randomized-controlled clinical trial. J Clin Periodontol
2009;36(2):149-56.

Page RC. The role of inflammatory mediators in the
pathogenesis of periodontal disease. J Periodontal Res
1991;26:230-42.

Genco R]. Host responses in periodontal diseases: Current
concepts. ] Periodontol 1992;63 4 Suppl:338-55.

Sodek J, Overall CM. Matrix metalloproteinases
in periodontal tissue remodelling. Matrix
Suppl 1992;1:352-62.

Birkedal-Hansen H. Role of matrix metalloproteinases
in human periodontal diseases. J Periodontol
1993;64 5 Suppl:474-84.

Gangbar S, Overall CM, McCulloch CA, Sodek J.
Identification of polymorphonuclear leukocyte collagenase
and gelatinase activities in mouthrinse samples: Correlation
with periodontal disease activity in adult and juvenile
periodontitis. ] Periodontal Res 1990;25(5):257-67.
Gupta N, Gupta ND, Garg S, Goyal L, Gupta A,
Khan S, et al. The effect of type 2 diabetes mellitus and
smoking on periodontal parameters and salivary matrix
metalloproteinase-8 levels. J Oral Sci 2016;58(1):1-6.
Rai B, Kharb S, Jain R, Anand SC. Biomarkers of
periodontitis in oral fluids. J Oral Sci 2008;50(1):53-6.
Tervahartiala T, Pirild E, Ceponis A, Maisi P, Salo T,
Tuter G, et al. The in vivo expression of the collagenolytic
matrix metalloproteinases (MMP-2, -8, -13, and -14)
and matrilysin (MMP-7) in adult and localized juvenile
periodontitis. ] Dent Res 2000;79(12):1969-77.
Marcaccini AM, Novaes AB Jr, Meschiari CA,
Souza SL, Palioto DB, Sorgi CA, et al. Circulating
matrix metalloproteinase-8 (MMP-8) and MMP-9 are
increased in chronic periodontal disease and decrease
after non-surgical periodontal therapy. Clin Chim Acta
2009;409(1-2):117-22.

Farhad SZ, Aminzadeh A, Mafi M, Barekatain M,
Naghney M, Ghafari MR. The effect of adjunctive low-dose
doxycycline and licorice therapy on gingival crevicular fluid
matrix metalloproteinase-8 levels in chronic periodontitis.
Dent Res J (Isfahan) 2013;10(5):624-9.

785

14.

1S.

16.

17.

18.

19.

20.

21.

22.

23.

24.

28.

26.

27.

28.

29.

Journal of International Oral Health 2016; 8(7):781-786

Lamster IB. Antimicrobial mouthrinses and the
management of periodontal diseases. Introduction to the
supplement. ] Am Dent Assoc 2006;137 Suppl:5S-9S.
Lee W, Aitken S, Sodek J, McCulloch CA. Evidence of
a direct relationship between neutrophil collagenase
activity and periodontal tissue destruction in vivo: Role of
active enzyme in human periodontitis. ] Periodontal Res
1995;30(1):23-33.

Haffajee AD, Socransky SS. Microbial etiological agents
of destructive periodontal diseases. Periodontol 2000
1994;5(1):78-111.

Lindhe J, Nyman S. Long-term maintenance of patients
treated foradvanced periodontal disease. ] Clin Periodontol
1984;11(8):504-14.

Caton JG. Evaluation of Periostat for patient management.
Compend Contin Educ Dent 1999;20(5):451-6,
458-60, 462.

Golub LM, Lee HM, Ryan ME, Giannobile WV, Payne J,
Sorsa T. Tetracyclines inhibit connective tissue breakdown
by multiple non-antimicrobial mechanisms. Adv Dent Res
1998;12(1):12-26.

Figueredo CM, Areas A, Miranda LA, Fischer RG,
Gustafsson A. The short-term effectiveness of non-
surgical treatment in reducing protease activity in gingival
crevicular fluid from chronic periodontitis patients. J Clin
Periodontol 2004;31(8):615-9.

Golub LM, McNamara TF, Ryan ME, Kohut B, Blieden T,
Payonk G, et al. Adjunctive treatment with subantimicrobial
doses of doxycycline: Effects on gingival fluid collagenase
activity and attachment loss in adult periodontitis. J Clin
Periodontol 2001;28(2):146-56.

CroutRJ, Lee HM, SchroederK, Crout H, Ramamurthy NS,
Wiener M, et al. The “cyclic” regimen of low-dose
doxycycline for adult periodontitis: A preliminary study.
J Periodontol 1996;67(5):506-14.

Puri K, Puri N. Local drug delivery agents as adjuncts
to endodontic and periodontal therapy. J] Med Life
2013;6(4):414-9.

Kornman KS. Controlled-release local delivery
antimicrobials in periodontics: Prospects for the future.
J Periodontol 1993;64 8 Suppl:782-91.

NeedlemanIG. Controlled drug release in periodontics: A
review of new therapies. Br Dent ] 1991;170(11):405-8.
Rao SK, Setty S, Acharya AB, Thakur SL. Efficacy oflocally-
delivered doxycycline microspheres in chronic localized
periodontitis and on Porphyromonas gingivalis. ] Investig
Clin Dent 2012;3(2):128-34.

Salvi GE,Mombelli A, Mayfield L, Rutar A, Suvan], Garrett S,
et al. Local antimicrobial therapy after initial periodontal
treatment. J Clin Periodontol 2002;29(6):540-50.
Oringer RJ, Al-Shammari KF, Aldredge WA, Iacono V],
Eber RM, Wang HL, et al. Effect of locally delivered
minocycline microspheres on markers of bone resorption.
J Periodontol 2002;73(8):835-42.

Ainamo J, Bay I. Problems and proposals for recording
gingivitis and plaque. Int Dent ] 1975;25(4):229-35.



Effects of doxycycline on periodontal clinical parameters and matrix
metalloproteinase-8 ... Faramarzi M et al

30.

31.

32.

33.

34.

3S.

36.

37.

38.

Van Dyke TE, Serhan CN. Resolution of inflammation: A
new paradigm for the pathogenesis of periodontal diseases.
J Dent Res 2003;82(2):82-90.

Gupta N, Gupta ND, Gupta A, Khan S, Bansal N. Role of
salivary matrix metalloproteinase-8 (MMP-8) in chronic
periodontitis diagnosis. Front Med 2015;9(1):72-6.
Sorsa T, Tjaderhane L, Konttinen YT, Lauhio A, Salo T,
Lee HM, et al. Matrix metalloproteinases: Contribution
to pathogenesis, diagnosis and treatment of periodontal
inflammation. Ann Med 2006;38(5):306-21.

Kuula H, Salo T, Pirild E, Tuomainen AM, Jauhiainen M,
Uitto VJ, et al. Local and systemic responses in matrix
metalloproteinase 8-deficient mice during Porphyromonas
gingivalis-induced periodontitis. Infect Immun
2009;77(2):850-9.

Rathnayake N, Akerman S, Klinge B, Lundegren N,
Jansson H, Tryselius Y, et al. Salivary biomarkers of
oral health: A cross-sectional study. J Clin Periodontol
2013;40(2):140-7.

Gursoy UK, Kénonen E, Huumonen S, Tervahartiala T,
Pussinen PJ, Suominen AL, et al. Salivary type I
collagen degradation end-products and related matrix
metalloproteinases in periodontitis. J Clin Periodontol
2013;40(1):18-25.

Cobb CM. Non-surgical pocket therapy: Mechanical. Ann
Periodontol 1996;1(1):443-90.

Greenstein G. Periodontal response to mechanical non-
surgical therapy: Areview. ] Periodontol 1992;63(2):118-30.
Guerrero A, Griffiths GS, Nibali L, Suvan J, Moles DR,
Laurell L, et al. Adjunctive benefits of systemic amoxicillin
and metronidazole in non-surgical treatment of generalized

786

39.

40.

41.

42.

43.

44,

43.

Journal of International Oral Health 2016; 8(7):781-786

aggressive periodontitis: A randomized placebo controlled
clinical trial. J Clin Periodontol 2005;32:1096-107.
Preshaw PM, Hefti AF, Jepsen S, Etienne D, Walker C,
Bradshaw MH. Subantimicrobial dose doxycycline as
adjunctive treatment for periodontitis. A review. J Clin
Periodontol 2004;31(9):697-707.

Patianna GP, Valente NA. The adjunctive use of locally
delivered tetracyclines in periodontal therapy: A narrative
review of the recent literature. Int Dent Med J Adv Res
2015;1:1-4.

Emingil G, Giirkan A, Atilla G, KantarciA. Subantimicrobial-
dose doxycycline and cytokine-chemokine levels in gingival
crevicular fluid. J Periodontol 2011;82(3):452-61.
Gurkan A, Cinarcik S, Hiseyinov A. Adjunctive
subantimicrobial dose doxycycline: Effect on clinical
parameters and gingival crevicular fluid transforming
growth factor-beta levels in severe, generalized chronic
periodontitis. J Clin Periodontol 2005;32(3):244-53.
Ingman T, Sorsa T, Konttinen YT, Liede K, Saari H,
Lindy O, et al. Salivary collagenase, elastase- and trypsin-
like proteases as biochemical markers of periodontal tissue
destruction in adult and localized juvenile periodontitis.
Oral Microbiol Immunol 1993;8(5):298-305.

ChenHY, CoxSW, Eley BM, Mintyld P,Ronki H, Sorsa T.
Matrix metalloproteinase-8 levels and elastase activities in
gingival crevicular fluid from chronic adult periodontitis
patients. ] Clin Periodontol 2000;27(5):366-9.
BuduneliN, Vardar S, Atilla G, Sorsa T, Luoto H, Baylas H.
Gingival crevicular fluid matrix metalloproteinase-8 levels
following adjunctive use of meloxicam and initial phase of
periodontal therapy. J Periodontol 2002;73(1):103-9.



