Comparative Evaluation of Subgingivally
Delivered 10% Doxycycline Hyclate and
Xanthan-based Chlorhexidine Gels in the
Treatment of Chronic Periodontitis

Abstract
Aim: The aim of this study was to evaluate and compare the efficacy of subgingivally delivered 10%
doxycycline hyclate and xanthan based chlorhexidine gels when used as an adjunct to scaling and root planing
(SRP) in the treatment of chronic periodontitis.
Methods and Materials: A randomized, controlled, single center study was conducted involving 90 sites in 30
patients suffering from moderate to advanced chronic periodontitis. Each patient contributed three sites which
were randomized to three treatment groups: SRP + insertion of doxycycline gel [SRP+DH], SRP + insertion of
chlorhexidine gel [SRP+CHX]), and SRP alone [SRP]. Gingival index (GI), plaque index (PI), probing pocket
depth (PPD), and clinical attachment level (CAL) were recorded at baseline, 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 SRP+DH and SRP+CHX showed an additional
reduction in PPD of 0.86 ± 1.0 mm and 0.66 ± 1.58 mm, respectively, significantly greater than SRP alone
(p<0.02). Differences in mean PPD reduction between SRP+DH and SRP+CHX were not significant (p=0.46).
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At 3 months, differences in relative CAL between both SRP+DH (0.80 ± 0.92) and SRP+CHX (0.63 ± 1.47) and
SRP alone were statistically significant (p<0.02). Differences in relative CAL between SRP+DH and SRP+CHX
were not significant (p=0.54).
Conclusion: The results suggest treatment with 10% doxycycline hyclate and xanthan based chlorhexidine
gels as an adjunct to SRP improves PPD and CAL patients with periodontitis compared to SRP alone.
Clinical Significance: The use of local drug therapy may refocus the need for surgical periodontal therapy
toward deeper pockets.
Keywords: Randomized clinical trial, local drug delivery, doxycycline gel, chlorhexidine gel, scaling and root
planning, SRP
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Introduction
The goals of periodontal therapy have evolved to
parallel our understanding and interpretation of
the causes of periodontal diseases. During the
non-specific plaque
era (1965-1975),
therapeutic goals
were directed at
total elimination of
microbial deposits
in the gingival
area. During the
bacterial specificity
era (1975-1985),
therapy was directed
towards suppression
and elimination of
putative periodontal
pathogens. Now, during the host bacterial
interaction era, the emphasis remains on
elimination or control of microbial organisms
but attention is also directed toward how the
host responds to these organisms. With the
increasing awareness of the bacterial etiology
of periodontal diseases a more direct approach
using antibacterial agents has become an integral
part of the therapeutic armamentarium.1

classic methods of drug delivery for treatment
of periodontal diseases have several limitations.
Systemic delivery can achieve only relatively
low drug levels and exposes the rest of the body
2
to potential side effects. Local application of
solutions, either by mouthwash or by irrigation,
depends on first order kinetics which requires high
initial concentrations and multiple applications in
order to provide sustained effectiveness. Both
suffer from poor control of patient compliance.2 If
an antimicrobial agent is irrigated subgingivally, it
is rapidly cleared out by the flow of gingival fluid.
Oosterwaal and coworkers (1990) demonstrated
the half-life of a fluorescien gel deposited into a
periodontal pocket was 12.5 minutes.3,4
In contrast, local drug delivery can provide
high drug concentration, minimal side effects,
less reliance on patient compliance for taking
the medication, and avoids treating the patient
5
systemically. Controlled delivery systems produce
concentration profiles which are more constant
and last longer than the other delivery systems.
The basic components of controlled delivery
devices may be divided into three basic elements:
the drug reservoir, the rate controlling element,
and the biological platform. The biological
platform represents the controlled delivery and is
equivalent to substantivity.2

Many different delivery systems containing
various antimicrobial agents have been developed
as non-mechanical therapies for periodontitis
targeting these agents directly to the bacterial
pathogens within the periodontal pockets. The

Tetracycline antibiotics, including doxycycline,
have been introduced as adjuncts in the treatment
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of periodontal disease. Tetracyclines gain access
to bacterial cells by the combined processes
of passive diffusion through outer-membrane
pores and active transfer utilizing an energy
dependent pump in the inner membrane. The
drug then acts by inhibiting protein synthesis on
the surfaces of the 30S ribosomes. The rationale
for the introduction of doxycycline as an adjunct
to periodontal therapy was its broad spectrum
bacteriostatic activity that could shift the potentially
harmful gram-negative subgingival flora into
gram positive flora which is more compatible with
5,6
periodontal health. The properties of doxycycline
which seem to be useful in periodontal therapy,
in addition to its anti-bacterial pharmacological
properties, include: antiproteolytic and anticollagenase activity; anti-inflammatory properties
to suppress PMN activity; inhibition of bone
resorption; and the scavenging action on reactive
oxygen metabolites7,8 Demirel et al.9 showed
doxycycline to be substantive to both cementum
and dentin, suggesting root surfaces could serve
as substrates for the deposition and subsequent
slow release of doxycycline.

The aim of the present study was to evaluate
and compare the efficacy of two marketed local
drug delivery gel products, Atridox™ a 10%
doxycycline hyclate gel (Block Drug Corporation,
Inc., Jersey City, NJ, USA) (currently marketed in
the US by TOLMAR, Inc. Fort Collins, CO, USA)
and Chlosite® a xanthan based chlorhexidine gel
(GHIMAS, Italy) used as an adjunct to SRP in the
treatment of chronic periodontitis.
Methods and Materials
This clinical trial was designed as a prospective,
single center, randomized, controlled, split mouth
study of 3 months duration.
Patient Sample
A total of 30 adult patients with moderately
advanced chronic periodontitis were recruited from
the outpatient Department of Periodontics, D.A.V.
(C) Dental College and Hospital, Yamunanagar
(Haryana). Approval of the study was obtained
from the Institutional review board of Kurukshetra
University, Haryana, India to which D.A.V. (C)
Dental College and Hospital, Yamunanagar is an
affiliated institution.

Chlorhexidine is a highly effective antimicrobial
agent extensively studied and shown to be
effective as a mouthrinse in concentrations of
0.12% to 0.2% against supragingival plaque
bacteria. It has been shown to bind to the tissues
from where it is released over 6-12 hours,
prolonging the bactericidal effect. Recently,
a new local drug delivery system, xanthan
based chlorhexidine gel, has been developed.
The chlorhexidine confers the characteristic of
active and passive sterility to the formulation,
which prevents re-colonization of pathogenic
microorganisms in the application site, and also
increases the mucoadhesion of the xanthan gel,
occluding the application site. Chlorhexidine is
present at a concentration of 1.5%, of which
0.5% is in the form of fast releasing digluconate
and 1.0% is in the form of slow releasing
dihydrochloride.10

Inclusion Criteria
Male and female subjects between the ages of
25-75 years were included in this study if they had:
• Untreated moderate to severe periodontitis
or recurrent periodontitis without periodontal
surgery at least for the last 24 months
• A minimum of three teeth, distributed in the
mouth to represent isolated experimental units
(i.e., at least one tooth apart), with probing
pocket depth (PPD) of 5 mm to 8 mm that bled
on probing at the initial visit.11
• Voluntarily signed an informed consent
agreement
• Completed a satisfactory health history
questionnaire
Exclusion Criteria
Subjects were excluded if they:

Many clinical studies have been conducted
to assess the efficacy of local drug delivery
systems as adjuncts to scaling and root planing
(SRP) or as the sole treatment for untreated
periodontal lesions. Few studies have assessed
the comparative efficacy of a number of currently
marketed systems.

• Had a history of oral candidiasis
• Had allergies to doxycycline hyclate or other
tetracyclines or to chlorhexidine
• Were pregnant and lactating, if female
• Had any teeth with a periodontal pocket
extending to the apex because of possible
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CAL is calculated using the formula CAL = PPD –
GM. A reference splint gave the location of probing
by notches and served as reference for the vertical
relative attachment levels.14

endodontic/periodontal complications
• Had received subgingival instrumentation
(SRP) less than 2 months prior to the baseline
11
examination
Treatments
Three sites were selected in each subject and
were randomly assigned to one of the three
treatments according to split mouth design.
The teeth were in different quadrants, but in
cases where there were two teeth in the same
quadrant requiring treatment the gel was placed
one tooth apart.

The measurements were carried out at four sites
around each tooth (mesio-buccal, mid-buccal,
disto-buccal, and mid palatal/lingual). At baseline,
alginate impressions were taken and occlusal
acrylic stents were fabricated for the measurement
of attachment levels. In addition, at each visit
subjects were interviewed concerning occurrence
of any adverse events and use of concomitant
medications and treatment.

• 10% Doxycycline hyclate gel + SRP
(DH+SRP)
• Xanthan based chlorhexidine gel + SRP
(CHX+SRP)
• SRP alone as a control

Drug Delivery Systems
Atridox™ (Block Drug Corporation, Inc., Jersey
City, NJ, USA) (currently marketed in the US by
TOLMAR, Inc. Fort Collins, CO, USA) consists of
doxycycline hyclate (DH) and is a subgingivally
controlled-release product composed of a two
syringe mixing system. Syringe A contains
450 mg of the ATRIGEL delivery system,
which is a bioabsorbable (27 days),4,5 flowable
polymeric formulation composed of 36.7% w/w
poly (DL-lactide) (PLA) dissolved in 63.3% w/w
N-methyl-2-pyrrolidone (NMP). Syringe B contains
doxycycline hyclate which is equivalent to 42.5 mg
doxycycline. Two separate syringes were coupled
together just prior to use and mixed for 100 cycles.
Once mixed, the DH gel was allowed to sit at
room temperature for 15 minutes and then mixed
for another 10 cycles before use. The constituted
product is a pale yellow to yellow viscous liquid
with a concentration of 8.5% w/w of doxycycline.1,5
Using a 23-gauge cannula attached to the delivery
syringe the DH gel was slowly expressed into the
periodontal pocket, starting from the base of the
pocket, until it reached the gingival margin. As it
begins to harden on contact with the moisture in the
pocket and during the 1 to 2 minutes of hardening,
it may be packed into pocket using the underside of
a moistened curette in order to speed coagulation
of polymer.15,16 The pockets were covered with CoePak which aids in retention of the system. Subjects
returned at day 7 for removal of the dressing.

Clinical Examination
Subjects were evaluated at baseline, 1 month,
and 3 months. Clinical examinations included the
following variables:
• Plaque index (PI)12
• Gingival index (GI)13
• Probing pocket depth (PPD): the distance
between gingival margin and the bottom of
the probeable pocket assessed by the use of
a UNC no. 15 manual probe and recorded to
the nearest whole mm.
• Clinical attachment level (CAL): the distance
from cemento-enamel junction (CEJ) to the
base of the pocket.
• Gingival margin location (GM): the distance
from the CEJ, or another well defined landmark
(acrylic stent) on the tooth, to the gingival
margin measured with periodontal probe.

Chlosite® (GHIMAS, Italy) is a xanthan based
syringable gel system. The gel is a combination of
two chlorhexidine formulations: 0.5% chlorhexidine
digluconate and 1.0% chlorhexidine dihydrochloride
incorporated in a saccharidic polymer, xanthan.
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Cross linking structure of xanthan controls the
release of drugs and it exhibits a near zero order
drug release. When in contact with water, it forms
a three dimensional pseudoplastic reticulum
capable of holding and maintaining various
10
substances in suspension. The chlorhexidine
xanthan based gel (CHX) undergoes a
progressive process of imbibition and is
physically removed in 10-30 days. Chlorhexidine
digluconate is liberated in the first day and
achieves a concentration >100 μg/ml which is
maintained for an average of 6-9 days which is
greater than the minimum inhibitory concentration
(MIC) for chlorhexidine (0.10μg/ml). Chlorhexidine
dihydrochloride is released in the following days
and maintains the bacteriostatic and bactericidal
concentrations for at least 2 weeks and prevents
recolonization. The CHX gel is supplied with a
special needle having a blunt tip and a lateral
opening. This facilitates the application of the gel
without traumatizing or damaging the periodontal
tissues. After isolating and drying the sites, CHX
gel was injected into the periodontal pocket and
no periodontal dressing was used.10

days. The level of oral hygiene was checked at
each recall visit and further instructions were
given when indicated.

Treatment Procedures11
All subjects received a full mouth supra- and
subgingival SRP using an ultrasonic scaler and
curettes. Subjects were given careful instructions
in self performed oral hygiene measures;
twice daily brushing using the modified Bass
brushing technique with a soft toothbrush and
a regular toothpaste with fluoride and once a
day interdental cleaning using dental floss and/
or interdental brushes. The use of antimicrobial
mouthrinses was not allowed during the study
period. Subjects were instructed not to perform
mechanical oral hygiene procedures (i.e., tooth
brushing, flossing) on any treated areas for 7

Plaque Indices and Gingival Indices
The mean changes over time in plaque and
gingival indices are given in Tables 1 and 2,
respectively.

Data Analysis
The primary efficacy endpoints in the present trial
were mean change in attachment level and mean
change in pocket probing depth. A whole mouth
measurement was taken. For all parameters,
the subject mean was the basis of the statistical
analysis, not the sites alone. The values were
averaged across subjects.
Efficacy results for qualifying treated sites for CAL
and PPD were analyzed statistically using Paired
sample ‘t’ test. The null hypothesis was there
were no significant changes in mean PPD or CAL
in any treatment group. The alternative hypothesis
was a difference existed in changes in mean PPD
or CAL in between the three treatment groups. All
statistical tests were 2-tailed and conducted at a
significance level of ≤ 0.05.
Results

All subjects showed statistically and clinically
significant improvements in whole mouth, gingival,
and plaque indices at both follow up visits when
compared to the baseline levels. The mean
reduction in PI score from baseline to 1 month
and 3 months was 0.99 ± 0.36 and 1.19 ± 0.33,
respectively. The mean reduction in GI score from
baseline to 1 month and 3 months was 0.89 ±
0.47 and 1.09 ± 0.44, respectively.

Table 1. Comparison of subject mean values of PI scores
at baseline, 1 month, and 3 months.
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Table 2. Comparison of mean values of GI scores
at baseline, 1 month, and 3 months.

Table 3. Comparison of PPD at different
observation periods in different groups.
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Probing Pocket Depth
Table 3 shows changes in PPD for each
treatment group.

CHX+SRP, respectively; and 1.56 ± 1.50 and 1.73
± 0.94 for SRP alone, respectively. The reduction
in mean PPD from 1 to 3 months was found to
be significant for DH+SRP (0.73 ± 1.01) and
CHX+SRP (1.0 ± 0.90) (p<0.001) but not for SRP
alone (0.16 ± 1.17) (p=0.44) (Figures 1 and 2).

At baseline, there were no statistically significant
differences between the PPD of the treated
sites. All sites showed significant changes in
PPD from baseline after 1 and 3 months. Mean
PPD reduction from baseline to 1 and 3 months
was 2.00 ± 0.83 and 2.73 ± 1.33 for DH+SRP,
respectively; 1.76 ± 0.81 and 2.76 ± 1.25, for

Between treatment comparisons, at 1 month,
found no significant differences in mean PPD
reduction between DH+SRP, CHX+SRP, or
SRP alone. At 3 months, both DH+SRP (0.86

Figure 1. Mean values of PPDs in the groups at different time intervals.

Figure 2. Intergroup comparison of mean values of
PPD at different observation periods.

7
The Journal of Contemporary Dental Practice, Volume 9, No. 7, November 1, 2008

Table 4. Intergroup comparison of PPD at different observation periods.

Discussion

± 1.0) and CHX+SRP (0.66 ± 1.58) showed
an additional PPD reduction compared to SRP
alone which was statistically significant (p<0.02).
Differences in mean pocket depth reduction
between DH+SRP and CHX+SRP were not
significant (p=0.46) (Table 4).

Study Design
The present study was designed to evaluate and
compare the clinical efficacy of a locally delivered
10% doxycycline hyclate gel and a xanthan based
chlorhexidine gel when used as an adjunct to
SRP. It is well established the organized structure
of biofilm can block proper diffusion or even
inactivate pharmacological agents subgingivally.
Thus, previous biofilm removal could favor greater
effectiveness of the antibiotic against subgingival
pathogens, favoring the adjunctive therapy done
in the present study.17

Clinical Attachment Level
Statistically significant relative CAL gains were
reported for all treatment groups at 1 and 3
months. Mean CAL from baseline to 1 and 3
months was 1.03 ± 0.49 and 1.73 ± 0.90 for
DH+SRP, respectively; 1.33 ± 0.66 and 2.03 ±
1.12 for CHX+SRP, respectively; and 0.73 ± 0.58
and 0.86 ± 0.68 for SRP alone, respectively.
Changes in CAL are shown in Table 5.

Split mouth clinical trials have been used
previously for the evaluation of locally applied
subgingival antimicrobials in periodontal
18,19
However, when comparing different
therapy.
treatment modes within the same dentition, carryacross or spill-over effects may occur.20 In the
present study selected interproximal sites were
at least one tooth apart, possibly minimizing the
interaction between treatment gels.18,19

As shown in Table 6, treatment comparisons
at 1 month showed no significant differences
in CAL between any of the treatment groups,
DH+SRP, CHX+SRP, or SRP alone. At 3 months,
differences in relative CAL for both DH+SRP
(0.80 ± 0.92, p=0.001) and CHX+SRP (0.63
± 1.47, p=0.02) were statistically significant
compared to SRP alone. Difference in relative
CAL between DH+SRP and CHX+SRP was non
significant (0.16 ± 1.48) (Figures 3 and 4).

Study Population
Subjects with an age range of 25-75 years were
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Table 5. Comparison of CAL at different observation periods in different groups.

Table 6. Intergroup comparison of CAL at different observation periods.
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Figure 3. Mean values of CAL at different time intervals.

Figure 4. Intergroup comparison of mean values of
CAL at different observation periods.

(1978)22 showed the proportion of coccoid cells
(dominant at clinically healthy sites) increased as a
result of SRP. Pregnant women were excluded as
tetracyclines may cross the placenta and can have
toxic effects on the developing fetus. Lactating
mothers were excluded as well because of the
potential for serious adverse reactions in nursing
infants from doxycycline as tetracyclines can
appear in breast milk following oral administration.

recruited in the study. Subjects in this age range
generally present with chronic periodontitis and
can maintain proper study protocol. Subjects
with a history of local and/or systemic antibiotic
therapy within the last 6 months before baseline
examination were excluded due to the likelihood
of bacterial resistance expected in the microflora
of such individuals.21 Subjects who have had an
oral prophylaxis 2 months prior to the baseline
examination were also avoided. Listgarten et al.
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and connective attachment would form a
regenerated periodontal support.29

Reproducibility
All measurements were performed using a
manual probe, UNC #15 periodontal probe with
a visual read out that was not force controlled.
23
Knoll-Kohler suggested force controlled
automated probes for controlled clinical trials to
ensure proper measurement accuracy. However,
others failed to observe a significantly improved
reproducibility of PPD measurements after use
of a force controlled probe with visual read out
to the nearest 0.5 mm compared to a simple
manual probe.24 Mayfield et al.25 observed better
intra- and inter- individual reproducibility using
a manual probe in comparison to simple (TPS)
and automated force-controlled probes (Florida
probe, Periprobe). All measurements were highly
standardized using a reference stent. Reliability
and reproducibility of measurements is better
using occlusal stent reference.26

In the doxycycline treated group, DH+SRP, the
clinical reduction in PPD was substantial and
consistent with a reduction of inflammation in
the adjacent gingival tissues. This reduction in
inflammation and presence of healing in the
connective tissue subjacent to the junctional
epithelium has been shown to be the primary
reason for reducing the depth of periodontal
probe penetration after standard treatment.30 The
enhanced response may be, in part, related to
the additional property of doxycycline to inhibit
tissue collagenase activity. The seemingly greater
closure of pockets could have been enhanced by
the possibility of doxycycline adsorbing onto the
mineralized dental structures where it may act
as a transient reservoir of the antimicrobial agent
during a period of substantivity.31

Treatment Effect
Both the gingival and plaque indices remained
satisfactory during the entire study period,
suggesting patients complied with the oral hygiene
instructions. The reduction in plaque and gingival
scores could be due to the proper oral hygiene
maintenance and the thoroughness of SRP.

In the chlorhexidine treated group, CHX+SRP,
PPD reduction can be attributed to the
bactericidal concentrations achieved within
day 1 at the selected sites, and these higher
concentration levels were maintained for 2 weeks
thereafter. Therefore, enhanced healing may
have occurred at the test sites in the absence or
following reduction of microbial load.10

Clinical improvements, reduction in PPD, and gain
in CAL, seen following extensive SRP (alone),
are apparently due to reduction of inflammation
secondary to alteration in the subgingival
bacteria.27,28 In addition to the elimination of local
etiological factors, it has been recently proposed
a scaling procedure may also elicit a local
and systemic host response that would aid in
eliminating local infection and promote healing.
In addition, the intentional and/or inadvertent
removal of inflamed tissue and pocket epithelium
associated with SRP would be followed by a
healing phase in which new epithelial attachment

The greater gain in CAL in DH+SRP and
CHX+SRP could be attributed to the absence of
bacterial challenge during the critical initial phase
of healing following SRP.
The results observed in this study are in
agreement with observations reported by
Wennstrom et al.11 and Eickholz et al.11 At 3
months, the percentage of sites showing pocket
depth reduction of ≥ 2 mm was the similar in
DH+SRP and CHX+SRP (Table 7).

Table 7. Percentage of sites showing PPD change in
different groups from baseline to 3 months.
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Table 8. Percentage of sites showing relative CAL in
different groups from baseline to 3 months.

will benefit most from the incorporation of locally
delivered agents. Furthermore, microbiological
studies are also required to corroborate with the
clinical findings observed.

The percentage of sites showing relative CAL
gain was greater in CHX+SRP sites (66.66%) as
compared to DH+SRP sites (53.33%), however,
this difference was not significant. This slight
advantage for CHX+SRP could be attributed
®
to the formulation (Chlosite ) used which is
a combination of fast releasing chlorhexidine
digluconate and slow releasing chlorhexidine
dihydrochloride. This combination might have
provided enhanced bactericidal effects during the
healing phase (Table 8).

Clinical Significance
The scientific and clinical rationale for local drug
delivery includes the following:
• To destroy or inhibit any remaining periodontopathogens following mechanical debridement
• To destroy or inhibit bacteria that have
invaded the tissues
• To prevent recolonization of bacteria during
healing phase following therapy

Conclusion
Local drug therapy markedly improves the
benefits of SRP, and by the use of these agents
the threshold for surgical periodontal therapy
might be moved towards deeper pockets. Further
studies are needed to evaluate the long-term
clinical advantages of this adjunctive therapy to
determine which types of patients and lesions

The use of local drug therapy may refocus the
need for surgical periodontal therapy toward
deeper pockets.
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