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Abstract
Objectives: The purpose of this study was to evaluate the effect of subgingival
administration of doxycycline as an adjunct to periodontal therapy in type 1 diabetes
mellitus (DM) patients.

Material and methods: Twenty-two paired periodontal defects X5.0 mm were
treated in 11 patients (35–55 years old). After initial therapy the sites were randomly
assigned into test (scaling and root planing1subgingival administration of 10%
doxycycline hyclate gel) or control (scaling and root planing1subgingival placebo
gel) groups. The clinical parameters of clinical attachment level (CAL), probing depth
(PD) and gingival margin level (GML) for recession determination were assessed at
baseline, after 6 weeks, and 6, 9 and 12 months, using a computerized probe. Data
were statistically evaluated using Duncan and F tests.

Results: Between study group comparisons indicated PD reduction and CAL gain
were greater in the test group than in the control group at 6 weeks and 6, 9 and 12
months but only statistically significant at 12 months (po0.05). Within study group
comparisons indicated statistically significant differences were found for CAL and PD
values favouring the adjunctive doxycycline group from baseline to 6 weeks and 6, 9
and 12 months (po0.05).

Conclusions: These findings suggest that subgingivally delivered doxycycline
hyclate produces additional favorable clinical results to periodontal therapy in type 1
DM patients.
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Periodontitis is an infectious disease
characterized by loss of periodontal
tissue support. In the treatment of
periodontally involved teeth, current
concepts are based on mechanical scal-
ing and root planing in order to remove
bacterial deposits, calculus and cemen-
tum contaminated by bacteria and
endotoxins (Polson et al. 1984). Specific
systemic diseases including uncon-
trolled diabetes may increase an indivi-
dual’s susceptibility to progressive
periodontitis (Genco 2000).

Diabetes mellitus (DM) encompasses
a heterogeneous group of disorders with

altered or impaired lipid and carbo-
hydrate metabolism (AAP 2000). Perio-
dontal disease is more frequent and
severe in uncontrolled diabetic indivi-
duals than individuals without diabetes
or individuals with well controlled
diabetes in the same population (Novaes
et al. 1997, Soskolne 1998, Bacic et al.
1988, Soskolne & Klinger 2001, Tsai et
al. 2002). Hyperglycemia progressively
glycates body proteins, forming ad-
vanced glycation end products (AGE).
This in turn, may stimulate phagocytes
to release inflammatory cytokines such
as TNF- and IL-6 that play a central role

in diabetic complications and impair
the normal formation of extracellular
matrix components (Brownlee 1994).
These alterations have an adverse effect
on periodontal tissues, especially col-
lagen stability and vascular integrity,
increasing susceptibility to tissue
destruction (Salmela et al. 1989, Schmidt
et al. 1996). Furthermore, it was
observed that crevicular fluid collagen-
olytic activity triggered by collagenase
from neutrophils was increased in
diabetic patients (Sorsa et al. 1992).
This collagenase further compromises
the integrity of the periodontal tissues
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increasing an individuals susceptibility
to progressive periodontitis (Sorsa et al.
1989, Sorsa et al. 1992).

Tetracycline antibiotics, including
doxycycline, have been introduced as
adjuncts in the treatment of periodontal
disease. The rationale for the introduction
of tetracycline as adjuncts to periodontal
therapy was that their broad-spectrum
bacteriostatic activity could shift the
potentially harmful Gram-negative sub-
gingival flora towards a Gram-positive
microbial flora which is more compatible
with periodontal health (Williams et al.
1979). Tetracycline exhibits additional
non-antimicrobial pharmacological prop-
erties including antiproteolytic activity,
inhibition of collagenase activity and
bone resorption, anti-inflammatory prop-
erties to suppress PMN activity, and
scavenging action on reactive oxygen
metabolites (Martin et al. 1974, Gabler &
Creamer 1991). With respect to collagen-
ase inhibition by the tetracycline family
of antibiotics, doxycycline has been
found to be the most potent form.
Doxycycline has been incorporated into
a local delivery system for placement into
a periodontal pocket which takes advan-
tage of its antimicrobial activity and also
likely its anticollagenase activity.

Local delivery of antibacterial agents
into periodontal pockets has been exten-
sively developed and investigated since
the late 1970s (Goodson et al. 1979,
Lindhe et al. 1979, Friedman & Golomb
1982, Goodson et al. 1983, Minable et al.
1989, Ainamo et al. 1992, Van Steen-
berghe et al. 1993, Newman et al. 1994,
Ciancio & Ashley 1998, Al-Mubarak et
al. 2002). Many local delivery systems
have been designed to maintain high
levels of antimicrobial agents for a
prolonged period of time in the crevi-
cular fluid with minimal systemic uptake
(Thomas et al. 1998, Wennstrom et al.
2001). One of these local delivery
systems is 10% doxycycline hyclate gel.

The use of a local delivery system as
an adjunct to periodontal therapy in
individuals who have a systemic disease,
such as diabetes, and, who would be
more susceptible to progressive perio-
dontitis, has not been addressed signifi-
cantly in clinical investigations. The
introduction of local delivery antibiotic
therapy to improve the healing response
and clinical results after conservative
periodontal therapy would be of great
value in the treatment of diabetic patients
with periodontitis. Therefore, the purpose
of this study was to evaluate the clinical
effect of a local delivery system with

10% doxycycline hyclate gel as an
adjunct to periodontal therapy and speci-
fically root planing in type 1 DM patients.

Materials and Methods

Study population

Patients with type 1 DM were referred
for treatment of advanced periodontal
disease. Exclusion criteria included
subjects with other systemic complica-
tions, a history of systemic antimicro-
bial therapy over the past 6 months or
hypersensitivity to tetracycline or any
related antibiotic. Eleven subjects, nine
females and two males, aged 35–55
years, completed this study. Patients
were enrolled for initial therapy which
included oral hygiene instruction, supra-
gingival ultrasonic instrumentation and
appointments for full-mouth scaling and
root planning under anesthesia prior to
the experimental phase. Each patient
contributed two sites which were used
for measurements. Sites included were
required to have (1) probing depth (PD)
X5.0 mm and (2) bleeding and/or
suppuration on probing. Patients ful-
filling the inclusion criteria were in-
formed about the study and they signed
the informed consent.

Study design

This study had a split mouth design and
was conducted to test the null hypoth-
esis of no difference between study
groups. Two sites per patient or a total
of 22 periodontal defects from the
eleven patients in the maxillary incisor
or canine areas were randomly assigned
to be treated with thorough scaling and
root planing under local anesthesia. At
the completion of the scaling and root
planing, an experimental doxycycline
hyclate gel (methocel (Farmacia Escola
Comunitaria (FAQFAR), University of
ItaJai, Brazil) with 10% doxycycline
hyclate (MASE Produtos Quirnicos e
Farmaceuticos Ltda., Cambuci, Sao
Paulo, Brazil) test group) or a placebo
gel (methocel, control group) was
administered with a syringe subgingiv-
ally. The test and control implanted gel
material were provided in two different
syringes. As a double blind study
design, the operator and the patients
were blind whether a syringe contained
the test or control gel. The gel material
was inserted into the periodontal pocket
until the gel was extruded from the
pocket. Both the test and control sites

were treated at the same appointment
and immediately following the root
planing procedures. Patients were in-
structed to modify their mechanical
plaque control at the experimental sites
by gentle brushing and no flossing for 4
weeks. Patients were seen after 6 weeks,
then at 3, 6, 9 and 12 months for
periodontal maintenance until the end of
the study. Each visit, except at month 3,
included the assessment of gingival
margin level (GML), PD and clinical
attachment level (CAL).

Clinical measurements

Clinical parameters were assessed at
baseline and after 6 weeks, 6, 9 and 12
months including (1) GML for determi-
nation of recession5 the distance from
cemento enamel junction (CEJ) to the
gingival margin, (2) PD5 the distance
from gingival margin to the base of the
pocket and (3) CAL5 the distance from
CEJ to the base of the pocket. All
measurements were recorded with an
electronic probe (Florida Probe, Florida
Probe Co., Gainsville, FL, USA).

Statistical analysis

For statistical analysis split plot designs
were used. Plots were based on treat-
ment (test or control), and subplots were
formed by clinical evaluation times; that
is, baseline, 6 weeks and 6, 9 and 12
months. When the interaction evaluation
time � treatment was significant, a par-
titioned freedom of degrees for evalua-
tion times in each treatment group was
completed and it was related to the
effect of treatment at each evaluation
time. The comparisons among evalua-
tion times and between treatments were
done by Duncan and F tests, respec-
tively. All statistical tests were con-
ducted at a significance level of p40.05.

Results

Mean clinical measurements in diabetic
patients with periodontitis at sites treated
with root planing plus adjunctive doxy-
cycline or root planing alone is shown
in Table 1.

Recession

Recession measurements demonstrated
no significant differences (pX0.05)
between study groups at baseline, 6
weeks and 6, 9 and 12 month time
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points. Comparison of recession mea-
surements between baseline and the
follow-up examinations (6 weeks, 6
months, 9 months, 12 months) indicated
no significant differences (pX0.05) for
either the adjunctive doxycycline group
or the SRP alone group.

Probing depth

PD measurements demonstrated no sig-
nificant differences between study
groups at baseline. For PD, the adjunc-
tive doxycycline group when compared
with the SRP alone group at 6 weeks,
and 6, 9 and 12 months demonstrated
mean PDs of 2.5 versus 3.3 mm (differ-
ence50.08 mm), 2.1 versus 3.6 mm (dif-
ference5 1.5 mm) and 2.0 mm versus
3.8 mm (difference51.8 mm) and 2.0 mm
versus 3.9 mm (difference5 1.9 mm),
respectively. A statistically significant
difference for PD between study groups
was only present at 12 months favoring
the adjunctive doxycycline group
(p40.05). Comparisons of PD measure-
ments between baseline and each of the
follow-up examinations (6 weeks, 6
months, 9 months, 12 months) indicated
significant differences (p40.05) be-
tween each time point for the adjunctive
doxycycline group or the SRP alone
study groups.

Attachment level

Attachment level measurements demon-
strated no significant differences be-
tween study groups at baseline. For
attachment level, the adjunctive doxy-
cycline group when compared with the
SRP alone group at 6 weeks and 6, 9
and 12 months, demonstrated mean
attachment level values of 4.5 versus
5.1 mm (difference5 0.6 mm), 4.1 ver-
sus 5.4 mm (difference5 1.3 mm), 4.0
versus 5.6 mm (difference5 1.6 mm)
and 4.0 versus 5.7 mm (difference5 1.7),
respectively. A statistically significant
difference for CAL between study
groups was only seen at 12 months
favoring the adjunctive doxycycline
group (p40.05). Comparisons of CAL
measurements between baseline and
each of the follow-up examinations
(6 weeks, 6 months, 9 months, 12
months) indicated significant differ-
ences (p40.05) between each time
point for the adjunctive doxycycline
group or the SRP alone study groups.

Discussion

DM can be divided into two main types:
type 1, formerly insulin-dependent DM,
caused by destruction of the insulin
producing b cells in the pancreas, and
type 2, formerly non-insulin dependent

diabetes, that results from impaired
insulin function, such as insulin resis-
tance rather than deficiency (AAP
2000). Diabetes is a glycemic metabolic
disorder with the accumulation of free
fatty acids, glucose and AGE products
in the extracellular matrix. In addition,
DM is associated with changes in the
micro- and macrovascularization result-
ing in adverse consequences for vir-
tually all body tissues, including the
periodontium (Tonetti 1997). The major
complications of diabetes are retino-
pathy, nephropathy, neuropathy, heart
disease and stroke with periodontal
disease often considered the sixth com-
plication of DM. Control of diabetes is
therefore directed at keeping the blood
glucose levels within normal limits, and
there is clear evidence that complica-
tions can be prevented by the meticu-
lous control of diabetes. In the diabetic
patient, periodontal treatment without
and with adjunctive systemic antibiotic
therapy has been shown to not only
help improve the periodontal status but
also contribute to better glycemic
control in the uncontrolled diabetic
patient (Grossi et al. 1997, Christgau
et al. 1998, Stewart et al. 2001, Taylor
2001).

Tetracycline is a broad spectrum
antimicrobial that has been reported to
exhibit substantivity in the gingival
crevice. In addition, the tetracyclines
have been reported to exhibit anti-
collagenolytic activity in the gingival
crevice or periodontal pocket. The in
situ higher concentration of the tetra-
cycline enhances it’s bacteriostatic
action, inhibits the development of
resistant strains, as well as interferes
with the accumulation of toxic compo-
nents in the extracellular matrix, such as
AGE’s.

The study design used for this clinical
trial was a split mouth design rather than
a parallel design. There have been a
number of published reports concerning
the evaluation of local delivery agents
which have used a split mouth study
design (Stabholz et al. 1998, Stabholz
et al. 1991, Ciancio et al. 1992, Fine
et al. 1994, Soskolne et al. 1997,
Stabholz et al. 1998, Wong et al. 1999,
Heasman et al. 2001, Eickholz et al.
2002). Because of the limited number of
type 1 diabetic patients available for this
study, we chose to use a split mouth
study design. One site in a patient’s
mouth was treated with adjunctive
doxycycline local delivery and a con-
trolled site, which had a similar disease

Table 1. Mean (�SE) clinical measurements in diabetic patients with periodontitis at sites
treated with root planing plus adjunctive doxycycline or root planing alone1

Baseline 6 weeks 6 months 9 months 12 months 

Recession 

SRP + Dx (n=11)  0.8 (0.2) 2.0 (0.4) 2.0 (0.4) 2.0 (0.4) 2.0 (0.4) 

SRP (n=11) 0.9 (0.3) 1.7 (0.6) 1.8 (0.4) 1.8 ( 0.4) 1.8 (0.4) 

Probing depth 

SRP + Dx (n=11) 6.0 (0.3) 2.5 (0.2) 2.1 (0.2) 2.0 (0.2) 2.0 (0.2)#

SRP (n=11) 5.8 (0.3) 3.3 (0.4) 3.6 (0.4) 3.8 (0.4)       3.9 (0.4)

Attachment level 

SRP + Dx (n=11) 7.2 (0.4) 4.5 (0.5) 4.1 (0.5) 4.0 (0.4) 4.0 (0.4)#

SRP (n=11) 6.6 (0.5) 5.1 (0.5) 5.4 (0.6) 5.6 (0.6) 5.7 (0.5)

+SRP1Dx5 Scaling and root planing1doxycycline study group.
SRP5 Scaling and root planing study group.
Values connected by a solid line indicate intra (within) study group statistically significant
difference, p40.05.
#Represents inter (between) group statistically significant difference, p40.05.
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status, received placebo gel. A concern
in the split mouth study design was that
the adjunctive doxycycline local deliv-
ery agent could affect the clinical results
observed at a control site treated with
placebo in the same patient. If this
occurred, and it may have, then we
would expect the adjunctive doxycycline
to have a favorable clinical effect on the
placebo treated site. We still observed
significantly better clinical results at
12 months for the adjunctively treated
doxycycline sites over the placebo
treated sites. However, future investiga-
tions with local delivery antimicrobial
agents, where a larger number of type
1 diabetic patients would be available,
should consider the more ideal parallel
study design.

In our study, the experimental sites
were treated with scaling and root
planning plus a single subgingival
administration of 10% doxycycline hy-
clate gel or scaling and root planing plus
a single application of a placebo gel. To
insure optimal oral hygiene over the
course of this study, all patients were
seen weekly in the first month, and
monthly until the end of the study to
reinforce a strict oral hygiene regimen.
However, it should be noted, the clinical
parameters were evaluated only at base-
line, after 6 weeks, and at 6, 9 and 12
months. No experimental site was lost
in this study, and throughout the
investigation, patients demonstrated
effective plaque control and patient’s
diabetic status was well controlled.

PD and CAL changes of 3.0 mm or
more at 12 months in the adjunctive
doxycycline group represented a dra-
matic improvement in periodontal
health and was of clinical significance.
In the present study, at 12 months, the
percentage of sites that exhibited PD
reduction X3.0 mm was greater in
the group with adjunctive doxycycline
(90%) than the group with adjunctive
placebo (27%). In the same way,
the percentage of sites that exhibited a
gain in CAL X3.0 mm was greater in
the adjunctive doxycycline group (64%)
than the control group (0%). These
results indicate that the adjunctive
administration of doxycycline to scaling
and root planing in the treatment of
periodontal disease had a favorable
impact on the clinical outcomes of
patients with diabetes. However, we
are aware that our results need to be
interpreted with caution due to the small
sample size; that is, only one site in
eleven patients received SRP plus

adjunctive doxycycline (n5 11 sites)
and SRP alone (n5 11 sites). In future
studies that involve a greater number of
patients and sites, data could be eval-
uated in terms of how extent and
severity of disease may reflect the actual
efficacy of the adjunctive doxycycline
local delivery agent.

Our results are in agreement with
those reported by Van Oosten et al.
(1986). These investigators, however,
used a single dose of amoxicillin
administered systemically. Wolinsky et
al. (2001) concluded that the treatment
of periodontitis with only locally deliv-
ered doxycycline hyclate resulted in
clinical improvements comparable with
scaling and root planning alone irre-
spective of the patient’s prophylaxis
frequency. Wennstrom et al. (2001)
and Seymour & Heasman (1995) con-
cluded that one single episode of
subgingival instrumentation combined
with local application of doxycycline in
deep periodontal pockets was justified
for a non-surgical treatment approach
for chronic periodontitis.

Our results also agree with those
reported by other investigators in that
SRP is an effective therapy for treating
periodontitis (Bjorvatn 1983, Listgarten
et al. 1974, Hallmon & Mealey 1992,
Garrett et al. 2000, Caton et al. 2000,
Caton et al. 2001). The most notable
changes in PD and CAL occurred
during the first 6 weeks for both study
groups. However, in the adjunctive
doxycycline group the parameter im-
provements were sustained beyond 6
weeks and over the entire 12-month
study period. In contrast, PD and CAL
clinical improvements in the SRP only
group demonstrated a trend to return
toward baseline levels at 12 months.

We have found that adjunctive doxy-
cycline therapy provided better clinical
results in a short period of time which
are maintained over a longer period of
time (12 months) by excellent suppor-
tive maintenance therapy. It would be
of interest to investigate if the perio-
dontal treatment protocol followed in
this study may be of value in type 2
diabetic patients as was found to be
the case in type 1 diabetics. We
conclude that adjunctive doxycycline
local delivery produces additional fa-
vorable results when associated with
SRP therapy in type 1 diabetic patients.
Furthermore, these additional improve-
ments were maintained up to 12 months
for patients following a strict oral
hygiene regimen.
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