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ABSTRACT

Introduction: Tissue destruction in periodontitis caused by chronic inflammation and form of host tissue
response. Local drug delivery, such as doxycycline has antibacterial and host modulation properties.
Drug vehicle like gelatine and carbonate apatite has good biocompatibility and enhance regeneration
process periodontal defect. Objective: This study aimed to examine effect of doxycycline incorporated
into gelatine-carbonate apatite membrane as adjuvant for periodontitis after gingival curettages.
Methods: Gingival curettages were performed to forty-five periodontal pocket points from eight patients,
then adjuvant material was applied to each pocket according to the treatment group: gelatine— carbonate
apatite membrane, gelatine—carbonate apatite—doxycycline membrane, or doxycycline solution. Treatment
was chosen by simple randomization. Periodontal pack was placed for seven days. Clinical evaluation was
carried out 7-, 21-, and 28-days post-operative for Papillary Bleeding Index (PBl) and 21-,28-days for
Pocket Depth (PD) and Relative Attachment Level (RAL). The data were statistically analysed using the
Kruskal Wallis test, followed by the U Mann Whitney test. Results: PBI scores were reduced since the
7th day then remained O until the last day of examination in all groups. All groups showed reduction of
PD and Ral from day 0 to day 28. Greatest reduction of PD and RAL were examined on the gelatine— carbonate
apatite group (p<0.05). Pocket with gelatine-carbonate apatite—~doxycycline membrane and doxycycline
solution as adjuvant materials showed no significant difference. Conclusion: Doxycycline incorporated into
gelatine-carbonate apatite membrane was not as effective as gelatine-carbonate apatite membrane to
treat shallow pockets.
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INTRODUCTION

Chronic periodontitis is a multifactorial dental and oral
disease, not only involving the virulence of periodonto-
pathogenic bacteria, but also involves the response of
the host body (1). Condition of periodontal tissue with
chronic inflammation will worsen the condition of oral
bacterial imbalance, or dysbiosis, causing inflammation
to continue with the response host resulting in more
severe destruction (2). Tissue destruction is facilitated
by inflammatory mediators, such as Prostaglandin
E-2 (PGE-2), Interleukin-1 (IL-1), and Tumor Necrosis
Factor (TNF). Host response in producing collagenase
enzymes also influences the severity of periodontal
tissue destruction, clinical signs of periodontitis include
inflammation of the gingiva, periodontal pocket,

attachment loss, to bone damage and tooth mobility
(3,4). As an initial phase therapy, scaling and root planing
therapy have a role in the removal of dental plaque and
calculus, as the main etiology of chronic periodontal
inflammation. Gingival curettage is the debridement
of granulation tissue from the gingival wall needed to
treat the shallow to moderate periodontal pocket (4).
Bacterial elimination is an important part of the success
of periodontal treatment (5,6). Mechanical debridement
or mechanical cleansing, such as gingival curettage, root
planing, and subgingival scaling, followed by therapy
using additional therapeutic agents or adjuvant proved
to be better in clinical and biochemical parameters in
gingival crevicular fluid, both in the periodontal tissue
and in the peri-implant area, healthy individuals and
with diabetes mellitus (7-10).

Doxycycline is a type of tetracycline-derived antibiotic
that has a long half- life (18-24 hours) if administered
orally or intravenously. Doxycycline has lower adverse
effects compared to other tetracycline derivatives.
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Some of the characteristics of doxycycline make
doxycycline more preferred than tetracycline (11).
Doxycycline also has good affinity to the network so
that it can already be applied locally. Doxycycline
resistance in most bacteria has been shown to be low
(12). In its application, doxycycline is also combined
with polymers and growth factors in trans-genetic
therapy locally (13). The local application of antibiotics
directly in periodontal pockets has long been used as a
local therapy option. Drug delivery technology, or Drug
Delivery System (DDS), allows the drug to last longer
and release slowly or in a controlled release. DDS
technology has been developed using several types of
materials as drug delivery or other active agents (14).

DDS application technology locally can affect the
length of time an active ingredient is in the pocket. This
will increase the efficacy of local drug treatment (15).
DDS technology utilizes several types of polymers. One
example of the use of polymer carriers for local therapy
of periodontitis that has been marketed is Periochip ™.
The polymer used in this product is gelatin hydrolysis
which is carried out cross-linking using glutaraldehyde
(16). Previous studies carried out research into the
incorporation of gelatin-apatite carbonate membrane
with metronidazole (17). Other polymers, such as
e-caprolactone copolymer, are also used as a carrier
matrix in DDS membrane technology - apatite carbonate
with metronidazole. with doxycycline drugs.

Gelatin is a polymer that can be formed in a thin
membrane and is suitable as an intra-pocket carrier
in periodontal treatment (1,18). The combination of
gelatin with apatite carbonate material has been widely
applied to bone graft treatments (19). Apatite carbonate
also functions as a carrier for DDS, both in drugs and
protein carriers (17,20). Membranes consisting of gelatin
and apatite carbonate have been used as additional
therapeutic agents after scaling and root planing
therapy. The therapeutic results showed improvement
in the condition of the periodontal tissue after therapy,
judging by the depth of the pocket and attachment loss
(21). Local doxycycline has also been shown to be an
additional therapeutic ingredient after scaling and root
planning (22). This study aimed to examine the effect
of doxycycline incorporation in the gelatin-apatite
membrane on the healing periodontitis after gingival
curettage treatment with clinical parameters.

MATERIALS AND METHODS

1.  Subjects

Subjects were chronic periodontitis patients at the
Periodontal Clinic of the Dental and Oral Hospital of
Gadjah Mada University (RSGM UGM) Prof. Soedomo,
Yogyakarta; with inclusion criteria: both female and
male patients with chronic periodontitis, age ranging
from 17 - 45 years, have minimum one periodontal
pocket with of 3-5 mm depth, do not have systemic

disease, approve and sign informed consent; exclusion
criteria: taking antibiotics in the last 6 months, pregnant
or breastfeeding women, smokers, history of doxycycline
allergy or other tetracycline derivatives, history of
surgery on periodontal tissue in the last 6 months

2.  Materials

Gracey curettes (CRGR 3-4; CRGR 7-8; CRGR 11-12;
CRGR 13-14,Osung, Korea), probe UNC-15 (BPUNC-15,
Osung, Korea), ultra-sonic scaler (Bonart- ART-P1, ART),
diagnostic set, analytical balances (Mettler Toledo,
Swiss), gelatin carbonate apatite membrane (Dept. of
Dental and Biomedical Science, Faculty of Dentistry,
UGM), gelatin — carbonate apatite — doxycycline
(contain 6uL 1% doxycycline hyclate solution), 6pL
1% doxycycline hyclate solution, periodontal dressing
(Coe- pack, GC, Japan)

3. Methods

This research method has been ethically approved by
the Research Unit of Research Faculty of UGM FKG
(00156/KKEP/FKG-UGM/EC/2019).

a.  Sample recruitment
Sample were recruited based on the inclusion and
exclusion criteria of the subjects.

b. Initial phase therapy

At the initial meeting, a clinical examination is
performed and scaling and root planing, polishing, and
other etiological removal treatments, such as occlusal
adjustments.

c.  First evaluation and baseline data record

One week after scaling and root planing, baseline
data were measured: Papillary Bleeding Index (PBI),
pocket depth (PD), and Relative Attachment Level (RAL)
measurements. Visual examination and periodontal
probe (UNC-15) used to examine the inflammation of
the gingiva, using PBI four-grade scores by Saxer and
Mbhlemann in 1975 [23]. Pocket depth was measured
from the base of the pocket to the gingival margins.
Acrylic stent was placed to measure the RAL.

d.  Gingival curettages and adjuvant applications
After recording the baseline data, gingival curettage is
carried out on pockets that have a depth of 3-5 mm.
Under aseptic procedure, 2% lidocaine local anesthesia
was injected using infiltration technique. Gingival
curettage was performed as seen in Figure 2. Gracey’s
curettes was used to scrape the gingival wall of the
pocket up until there was no more granulation tissue,
then saline irrigation and gauge pressure was applied
gently. Adjuvant materials, doxycycline solution, apatite
gelatin-carbonate membrane, or apatite- doxycycline-
gelatin-carbonate membrane, was applied according to
the treatment groups. Periodontal pack was placed, and
patients were prescribed with mefenamic acid 500 mg
two to three times a day for three days.
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e. Reevaluation and data recording

Reevaluation was carried out on the day 7, 21, and 28
after surgery. On day 7, periodontal dressing was only
taken and PBI measurement was taken. All measurement
was performed on day 21 and 28.

RESULTS

This research showed that all inflammation in gingival
and periodontal area healed in all groups. The use of
local adjuvant therapy using the local delivery system
membrane gelatin — carbonate hydroxyapatite showed
better result than the doxycycline gelatin — carbonate
hydroxyapatite and doxycycline solution.

1. Papillary Bleeding Index (PBI)

The Papillary Bleeding Index is measured quantitatively
using the Papillary Bleeding Index (PBI). Measurements
were performed on day 0 (baseline), 7, 21, and 28 after
curettage. All PBI data from all groups were score 2 at
day O, then it was all decreased to score O started at the
day 7. The score was all remained 0 until day 28 for all
groups, as shown in Table I.

2. Pocket Depth (PD)

Pocket depth (PD) was measured on baseline, day 21
and 28 post curettage. Mean and standard deviations of
PD in all treatment groups and times are presented in
Figure 1. Reduction of PD was calculated from

baseline to day 21 and baseline to day 21, presented in
Table II. Biggest reduction was baseline to day 21 from
CHA group. However, additional PD was shown. The
normality and homogeneity of the data was tested
through Shapiro-Wilk and Levene’s statistical tests,
respectively. The data obtained are homogeneous
(p> 0.05) but not normal (p <0.05). The statistical test
used is the Kruskal- Wallis test and is presented in
Table Il1.

Probing Depth of day 0 to 21 between groups were
statistically different (p<0.05). Table IV shows that
there was significance between CHA groups with
CHA-DOX and DOX (p <0.05). PD reduction between
the CHA-DOX and DOX groups did not differ
statistically significant.

3. Relative Attachment Level (RAL)

The RAL measurements were carried out on baseline,
21 and 28 post curettage. The mean and standard
deviation of RAL in all treatment groups and times are
presented in Figure 1. Reduction of RAL showed in all
groups, it was calculated between day 0 to 21, day O to
28, and day 21 to 28, then presented in Table II. The
biggest reduction was day 0 to day 28 in the CHA group.
The RAL reduction data was not normally distributed
(p<0.05) but homogenous (p>0.05). Kruskal-Wallis test
was performed and presented in Table III.

Table I. Papillary Bleeding Index (PBI) scores on day 0 (baseline), 7, 21, and 28 after curettage

Group n PBI scores
Day 0 Day 7 Day 21 Day 28
DOX 15 2 0 0 0
CHA 15 2 0 0 0
CHA-DOX 15 2 0 0 0
CHA : curettage + gelatin carbonate apatite membrane
CHA-DOX : curettage + gelatin carbonate apatite membrane — doxycycline

DOX : curettage + doxycycline

Table Il. Averages and standard deviation of Pocket Depth (PD) reduction and Relative Attachment Level (RAL) (mm)

Group n PD reduction (mm) RAL reduction (mm)
Day 0 to Day 0 to Day 0 to Day 0 to Day 21 Day 21
day 21 day 28 day 21 day 28 to day 28 to day 28
DOX 15 1.37+0.14 1.87+0.17 1.37 £0.14 1.87 £0.17 0.50 £ 0.14 0.50 £ 0.14
CHA 15 257 +0.14 2,53 +£0.22 2.33+0.23 2.50+0.23 0.27 +0.17 -0.03 £0.18
CHA-DOX 15 1.67£0.19 2.03 £0.24 1.60 £0.17 1.97 £0.25 0.37 +0.10 0.37 £0.10
CHA : curettage + gelatin carbonate apatite membrane

CHA-DOX : curettage + gelatin carbonate apatite membrane — doxycycline
DOX : curettage + doxycycline
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CHA - curettage + gelatin carbonate apatite membrane
CHA-DOX  : curettage + gelatin carbonate apatite membrane — doxycycline DOX
DOX : curettage + doxycycline

Figure 1 : Mean and standard deviations of pocket Figure 2 : Gingival curettage treatment using adjuvant
depth (A) and relative attachment level (B) in all treat- (A) Debridement using Gracey’s Curette, (B) Adjuvant
ment groups and days. placement, (C) and (D) The adjuvant membrane.

Table 111 : Kruskal Wallis test result of PD and RAL reduction

Groups N Mean Rank Sign.
PD day 0 to day 21 DOX 15 14.90 0.000*
CHA 15 34.40
CHA-DOX 15 19.70
Total 45
PD day O to day 28 DOX 15 19.27 0.055
CHA 15 29.47
CHA-DOX 15 20.27
Total 45
PD day 21 to day28 DOX 15 26.87 0.160
CHA 15 17.63
CHA-DOX 15 24.50
Total 45
RAL day O to day21 DOX 15 17.23 0.008*
CHA 15 31.23
CHA-DOX 15 20.53
Total 45
RAL day O to day28 DOX 15 19.57 0.032*
CHA 15 30.07
CHA-DOX 15 19.37
Total 45
RAL day 21 to 28 DOX 15 25.03 0.732
CHA 15 21.67
CHA-DOX 15 22.30
Total 45
) : p<0,0 05
CHA : curettage + gelatin carbonate apatite membrane
CHA-DOX : curettage  + gelatin carbonate apatite membrane —doxycycline
DOX : curettage + doxycycline
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Table IV : U Mann Whitney statistical test result for day 0 to day 21 PD reduction

DOX CHA CHA-DOX
DOX - 0.000* 0.304
CHA - 0.002*
CHA-DOX -
*) : p<0,005
CHA : curretage + gelatin carbonate apatite membrane

CHA-DOX : curretage + gelatin carbonate apatite membrane — doxycycline
DOX : curretage + doxycycline

Table V : U Mann Whitney statistical test result for day 0 to day 21 and day 0 to day 28 RAL reduction

Day 0 to 21 Day 0 to 28
DOX CHA CHA-DOX DOX CHA CHA-DOX
DOX - 0,003* 0,539 - 0,019* 0,847
CHA - 0,028* - 0,037*
CHA-DOX - -
*) : p<0,005
CHA : curretage + gelatin carbonate apatite membrane

CHA-DOX : curretage + gelatin carbonate apatite membrane — doxycycline
DOX : curretage + doxycycline

It shows that there were statistically significant
differences between treatment groups in the reduction
of RAL day 0 to 21 and day O to 28 (p <0.05). Mann
Whitney U test was performed to find out the
differences between treatment groups on the reduction
of RAL day O to 21 and day O to 28. Table V shows
that there was significance difference between CHA
groups with CHA-DOX and DOX groups on the
reduction of days 0 to 21 and day 0 to 28 (p <0.05).
The reduction of RAL between the CHA-DOX and
DOX groups on RAL day 0 to 21 and day O to day 28
were not statistically different.

DISCUSSION

1. Papillary Bleeding Index (PBI)

Papillary Bleeding Index is a sign of gingival
inflammation. Linear PBI scores with pocket depth
and biofilm index on the gingiva (24). Gingival
bleeding can be used as a predictor of gingival
conditions (25). All treatment groups experienced a
decrease in PBI since day 7. Subgingival curettage
treatment along with adjuvant in all treatment groups
has been shown to improve gingival conditions and
reduce gingival inflammation. Subgingival curettage
therapy is performed with the aim of reducing the
accumulation of microbiota in the subgingival as the
main cause of inflammation. The addition of adjuvant
can be used to increase the effectiveness of the
treatment (26).

Gelatin is a polymer that is widely used in tissue
engineering technology because it has regenerative
properties and accelerates healing of tissue affected
by lesions. Other properties of gelatin that are easily
combined with other materials are also advantages
of gelatin (27). The addition of gelatin in periodontal
therapy has been applied and combined with several
additional active agents, both antibiotics, antiseptics,
and growth factors (26, 28). Apatite carbonate in
wet environmental conditions can release calcium
ions locally. This results in a higher concentration of
calcium ions in the area around the apatite carbonate
(29). During the healing process of tissues, calcium
ions are useful for accelerating wound healing (30).

Controlled growth of microbes that cause periodontal
disease also plays a role in the healing of gingival
bleeding (24). Application of antibacterial properties
is useful for such control, in this research, we applied
doxycycline as an antibiotic. There are three theories
about the antibacterial mechanism of apatite due to
ionic activity. The first mechanism is the ion penetrates
the bacterial cell and interferes with the process of
DNA replication by affecting the intracellular ATP
production process. The second mechanism is related
to the accumulation of bacterial cell ions in the
bacterial cellular membrane so that the permeability
to change is characterized by the gradual release of
proteins and lipopolysaccharides. This causes proton
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transport through the cell membrane to be inhibited
then the cell will die. The third mechanism is the
induction of Reactive Oxygen Species (ROSs) that
can react with bacterial cell membrane components
and other cell components, such as mitochondria,
causing irreversible changes in cell structure that will
continue to cell death (31).

2. Pocket Depth (PD)

Reduction in pocket depth is one of the evaluations
in periodontal tissue healing (32). Pocket depth (PD)
decreases occurred in all groups in the reduction of
PD on day 0 to 21. Decrease in pocket depth is a sign
of linear periodontal tissue healing with other healing
variables (24). All treatment groups experienced
clinically significant PD decrease in all treatment
groups to under 3 mm.4 This indicates that all treatment
groups have reached the normal value of gingival
sulcus depth on day 21. Gingival condition after
curettage healed well on day 21, marked by the
re-attachment of the gingiva and its normal color
and shape, then maturation will occur from day 28 (33).

Doxycycline, gelatin, and apatite carbonate are
materials that can support the healing process after
curettage. Gelatin as a carrier material while at the same
time has regenerative properties and accelerates the
healing of tissues affected by lesions (34). The ability
of gelatin as a drug delivery system allows the active
ingredients to be released in a controlled and long-
term manner (35). Doxycycline has a role in inhibiting
tissue damage by inhibits MMP (36). The difference in
PD reduction values between treatment groups was
statistically significant in the reduction of PD in days 0
to day 21. Statistically, the CHA treatment group had
the highest reduction on the baseline and 21st days.
The CHA-DOX and DOX treatment groups did not
differ significantly.

Carbonate apatite in soft tissue healing can add
calcium ions so that it helps in wound healing (30).
In addition, calcium plays a role in cell signaling
for proliferation and differentiation during healing.
Doxycycline which is incorporated with CHA has
no significant difference with doxycycline solution.
Therefore, it is estimated that doxycycline can inhibit
the signaling of calcium for tissue healing so that the
healing process is not optimal (37). The incorporation
of doxycycline into the apatite gelatin-carbonate
membrane did not affect the decrease in pocket
depth. Several material and biological aspects in the
administration of doxycycline to the apatite gelatin-
carbonate membrane may influence the results of the
pocket reduction. The pH of doxycycline, embedding
process, the amount of cross-linking affects the
degradation of gelatin in apatite-doxycycline-gelatin-
carbonate membrane. Faster degradability will affect
the length of material to contact locally in the pocket
(38).

3. Relative Attachment Level (RAL)

Reduced RAL is a good form of evaluation after
periodontal therapy. RAL evaluation is accurate
in describing periodontal tissue healing (39). The
difference in RAL reduction was statistically significant
at the reduction of days 0 to 21 and days O to 28. All
groups showed improvement in the attachment of
periodontal tissue in all groups on the day 21 and 28.
The evaluation is in accordance with the healing process
and re-attachment after periodontal pocket treatment.
The complete maturation process takes place after 4
weeks or 28 days (33). The tissue healing mechanism is
maximized with the CHA membrane because it consists
of gelatin and apatite carbonate. Both compound
function in  improving tissue healing (30,35).
RAL reduction is more accurate in describing re-
attachment after periodontal treatment (39). The
results of RAL reduction at day O to 21 and day O to
28 were highest in the CHA group. This shows that
there is a re-attachment of periodontal tissue after
curettage treatment (4). The treatment group with
CHA-DOX membrane did not differ significantly
from DOX solution. This can be because doxycycline
inhibits the release of calcium which plays an
important role for wound healing (37).

The application of doxycycline in the treatment of
chronic periodontitis is expected to increase the
effectiveness of therapy. Provision of doxycycline
with materials, for example apatite gelatin-carbonate
is expected to improve treatment results. The
incorporation of doxycycline in the apatite gelatin-
carbonate membrane in this study did not increase
the effectiveness of doxycycline. In vitro studies have
shown that doxycycline release can occur slowly,
but this does not occur in clinical studies (34). Some
possibilities occur, for example, a condition that
affects gelatin degradation in apatite gelatin-carbonate
membranes embedding with doxycycline (40).

All  treatment groups in this study experienced
improvement in post curettage periodontal tissue.
Curettage therapy is a standard therapy in mild
periodontal pockets by removing the granulation
tissue in the pocket wall, although its effectiveness
needs to be increased (41). Doxycycline adjuvant has
been shown to improve clinical signs in periodontal
tissue (1). Doxycycline incorporation in apatite gelatin
carbonate membrane is expected to increase the
effectiveness of doxycycline in periodontal pockets (42).
In this study, differences in treatment results between
the doxycycline (DOX) group and apatite gelatin-
carbonate membrane (CHA- DOX) had no difference,
both statistically and clinically.

The doxycycline incorporation in the apatite gelatin-
carbonate membrane can have several possible bonds.
There are two interactions that can occur in the process
of loading drugs inside hydrogels, namely physical
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interactions, and chemical bonds (43). The process of
incorporation of doxycycline into the apatite gelatin-
carbonate membrane is carried out by an embedding
process so that the possibility of the bonding is physical.
The process of incorporation by embedding is an easy
process and the process of releasing antibiotics occurs
with an initial burst release (44). The release of an
initial burst release drug allows a drug to achieve a high
concentration of therapeutic effects at the start (44).

The level of acidity (pH) of doxycycline is in acidic
condition (11). During the embedding process, there
is a possibility of reaction of gelatin in the membrane
with doxycycline. Acidic pH conditions will affect the
decrease in the number of cross-linking gelatin bonds.
Fewer cross-linking bonds will affect the degradability
of apatite gelatin-carbonate membranes. Faster
degradation will affect the therapeutic ability of the
membrane (38). This event is likely an explanation that
the incorporation of doxycycline to apatite gelatin-
carbonate has no significant difference from doxycycline
alone.

Epithelial cells and fibroblasts require a more acidic
pH in tissue proliferation. These conditions also play
an important role in preventing bacterial accumulation
(46). The difference between the healing conditions of
in vivo tissue is likely to lead to differences in results
with previous in vitro studies (41).

CONCLUSION

This study concludes that gelatin— carbonate apatite
membrane has better effect on pocket reduction in
shallow pockets. There was no effect of incorporation
of doxycycline into gelatin-carbonate  apatite
membrane, measured by clinical parameters Papillary
Bleeding Index (PBI), Pocket Depth (PD) and Relative
Attachment Level (RAL).
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