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tions such as additional surgery, inadequate bone sup-
ply, donor pain5, inappropriate biodegradation, immune 
response and low tissue compatibility6.

These concerns and limitations have evoked a sub-
stantial interest in the development of artificial mater-
ials as bone graft substitutes7 that are natural in origin. 
Recently, with the discovery of a novel natural polymer, 
chitosan is considered a boon in regenerative dentistry. 
Chitosan, which is a natural carbohydrate polymer, 
has gained great attention in the field of regenerative 
theapy8 because of its biological properties such as 
non-toxicity, anti-inflammatory, biocompatibility, bio-
degradability and bioadhesion9-14. In dentistry, chitosan 
has been used in various forms such as films, mouth-
washes15 and as a carrier for local drug delivery.

Chitosan possesses bioactive properties such as 
antimicrobial, hemostatic, tissue-regenerative activi-
ties like activating osteoblasts that would eventually 
increase osteoconductivity16 and neovasculrisation17, 
and leads to accelerated bone growth18,19. Furthermore, 
chitosan has been evaluated for its bone regenerative 
potential by incorporating chitosan in guided tissue 
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Objective: To evaluate the effectiveness of 15% chitosan in gel form as a periodontal regen-
erative material in the periodontal intrabony defects.
Methods: A pilot study split-mouth design of 10 patients within the age group of 30 to 55 years 
with bilateral intrabony defects ≥ 3mm and clinical attachment levels (CAL) ≥ 5mm were 
selected. The test site received open flap debridement with 15% Chitosan gel as a regenerative 
material and the controlateral side that acted as a control received only open flap debridement. 
Clinical and radiographic measurements were recorded at baseline, and 3, 6 and 9 months 
after the treatment. 
Results: Data revealed that there was a significant improvement in both clinical and radio-
graphic parameters when intragroup comparison was performed. When intergroup com-
parison was done, there was a mean difference in CAL (5.8 ± 1.398 mm) and the depth of the 
intrabony defect (3.41 ± 1.17 mm) at 9 months when compared to baseline.
Conclusion: Within the limitations of the study, it can be concluded that a 15% concentration 
of chitosan gel is a promising aid and could be used as an effective material in periodontal 
regeneration.
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Recent developments in the field of dentistry have 
revolutionised the approach towards the manage-

ment of periodontal disease1. Failure to control the pro-
gression of periodontal disease leads to the develop-
ment of intrabony defects. These osseous defects, if left 
untreated, may adversely affect the long-term prognosis 
of the tooth.

Complete removal of calculus is possible by surgical 
access to the intrabony defect. Regeneration in these 
osseous defects can be achieved with an array of avail-
able regenerative materials2,3, with guided bone/tissue 
regeneration methods using barrier membranes4 and 
a combination of bone grafts and membranes. Every 
regenerative material recorded in the literature has its 
own unique regenerative potency with certain limita-
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regeneration (GTR) membrane and bone grafts and it 
has shown high tissue compatability with no evidence 
of a inflammatory reaction20. Since chitosan has a 
good regenerative capacity, Boynuegriet al20 evalu-
ated the chitosan preparation (1% chitosan gel) alone 
for the treatment of periodontal intraosseous defects 
and reported favourable bonefill. Subsequently, an in 
vitro study by Weir et al21 in 2010 also showed that 
chitosan, at 15% concentration, was very effective and 
had a superior regenerative potential than lower con-
centrations of chitosan when amalgamated with bone 
grafts. Since 15% chitosan, when used in combination 
with bone graft has shown more promising regenera-
tive potential, it is speculated that 15% chitosan alone, 
if used in periodontal intraosseous defects, may show 
better potential as a regenerative material. However, 
there are no clinical studies to date, testing the efficacy 
of standalone chitosan preparation as a 15% chitosan 
gel in the treatment of periodontal intrabony defects. 
Hence, we aim to evaluate the efficacy of 15% chitosan 
gel alone, as a bone regenerative material in the man-
agement of intrabony defects in patients with chronic 
periodontitis.

Materials and methods

Source of data

The present split-mouth randomised controlled trial with 
80% power consisted of a total of 10 patients including 
7 males and 3 females attending the outpatient section 
of the Department of Periodontology, Krishnadevaraya 
College of Dental Sciences and Hospital in Bangalore, 
India. The study protocol was reviewed and approved 
by the institutional ethical committee and review board. 
The patients were informed about the design and nature 
of the clinical trial and the potential risks if any. Signed 
informed written consent for their participation was 
obtained.

Selection criteria

Systemically healthy patients aged ≥ 28 years with the 
presence of clinical attachment level (CAL) ≥ 5  mm20, 
associated with a 2-wall, 3-wall or a combined 2- to 
3-wall intrabony defect ≥ 3mm deep (assessed by 
transgingival probing and to be confirmed after flap ele-
vation); with the defect not extending to a root furcation 
area and associated tooth; with neighbouring teeth being 
vital with ≤ 1 mm of tooth mobility; and had no invasive 
periodontal therapy carried out in the past 6  months, 

were included in the study. Phase 1 therapy i.e. scaling 
and root planning was performed.

Re-evaluation was carried out 8 weeks20 after com-
pletion of the aetiologic therapy and patients with unac-
ceptable levels of oral hygiene (plaque index (PI) >1.5), 
pregnant and lactating women, smokers, patients with 
suspected or a known allergy to chitosan or on medica-
tions known to interfere with periodontal wound heal-
ing, and immunocompromised patients, were excluded 
from the study.

Intra-examiner calibration

Prior to the commencement of the study, intra-examiner 
calibration was achieved by examining 20 patients two 
times (24 h apart). Calibration was established if meas-
urements at baseline and 24 h were analogous within 
1 mm at the 95% level.

Presurgical therapy

Patients satisfying the inclusion and exclusion criteria 
were randomly allocated by means of flipping a coin 
into group 1 - open flap debridement (OFD) and group 
2- OFD and 15% chitosan gel. One examiner (IB) per-
formed all the surgeries while another examiner (PMLV) 
performed all the clinical and radiographic measure-
ments without knowledge of the groups. Patients were 
blinded for allocation to a particular group and treat-
ment.

Clinical and radiographic measurements

Prior to surgery, the clinical parameters recorded were 
pocket probing depth (PPD) and relative attachment lev-
el (RAL), from the apical extent of a grooved custom-
ised acrylic stent to the base of the defect with a UNC-
15 (University of North Carolina -15 periodontal probe 
– Hu Friedy, Illinois, USA) manual probe, to ensure 
reproducible placement of the probe for each successive 
measurement. All the radiographs were recorded using 
a paralleling technique of Radiovisiography (RVG), pre-
operatively at baseline and postoperatively at 3, 6 and 
9  months. For measurements, calibrated measurement 
software called Digimizer (version 4.0, Image analys-
is software, MedCalc software, Ostend, Belgium) was 
used. The cementoenamel junction (CEJ), the crest of 
the alveolar bone (AC) and the base of the defect (BD) 
were marked on the image. A line was drawn from CEJ 
to BD. The software then displayed the distance between 
these two points. The same procedure was then repeated 
to obtain the distance between CEJ and AC. Subtract-
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ing the two measurements; the depth of the osseous 
defect was obtained. The total bonefill was measured 
subtracting the depth of the osseous defect at 9 months 
from the baseline measurement. All clinical and radio-
graphic measurements were performed by one examiner 
(PMLV), who was blinded to the surgical procedures 
performed.

Formulation of 15% chitosan gel

Chitosan was used after purification by dissolution-pre-
cipitation and dialysis, and reacetylation up to a 50% 
degree. Fifteen percent chitosan solution (chitosan and 
sterile distilled water at pH 7.2) was used to produce gels 
at 37°C following simple neutralisation with sodium 
hydroxide, although with very slow gelation and a weak 
increase in viscosity. In order to produce a stable formu-
lation for a medical application, thermosetting proper-
ties were tested before and after lyophilisation. Addi-
tion of trehalose preserved the thermosetting properties. 
The 15% concentration of chitosan gel was prepared in 
accordance with Weir et al21 in a laboratory (Essence 
biotech research laboratory, Kochi, Kerela).

Surgical procedure

After administration of local anesthesia with 2% lig-
nocaine hydrochloride (Lignox 2%; Indoco Reme-
dies, Goa, India) and an epinephrine concentration of 
1:80,000, sulcular incisions were made on the buccal 
and lingual aspects of the involved sites, with full thick-
ness mucoperiosteal flaps raised. Area-specific curettes 
and ultrasonic scalers were used for thorough debride-
ment (Fig 1). In group 2, 15% chitosan gel was used as 
a bone regenerative material to fill the intrabony defect 
(Fig 2). Thereafter, the flaps were sutured to its original 
position with 3-0 silk sutures (Mersilk, Ethicon, Johnson 
& Johnson, Himachal Pradesh, India). Simple interrupt-
ed sutures were given to achieve primary closure fol-
lowed by placement of periodontal dressing (Coe pack, 
GC America, Illinois,USA).

Postoperative wound management

Immediately following surgery, 500 mg of amoxicillin 
every 6 h for 5 days, 400 mg of Ibuprofen every 8 h and 
0.2% chlorhexidine digluconate twice daily for 4 weeks 
post-surgically was prescribed to the patient. Patients 
were re-evaluated for pain, sensitivity and discomfort, if 
any. Patients were recalled after 7 days for suture remov-
al. Hard and soft tissue measurements were taken at 3, 6 
and 9 months post-surgically (Figs 3 and 4).

Fig 1  The surgical procedures for group 1: A) Intrasulcular 
incision given; B) raising the full thickness mucoperiosteal flap 
followed by debridement; C) primary closure with simple inter-
rupted sutures; D) the periodontal dressing given.

Fig 2  The surgical procedures for group 2: A) Intrasulcular 
incision given; B) raising the full thickness mucoperiosteal 
flap followed by debridement; (C and D) 15% chitosan gel 
packed in the defect; e) primary closure with simple interrupted 
sutures; F) periodontal dressing given.

Statistical analysis

The data collected was entered in Microsoft Excel and 
statistical analyses were performed using the Statistical 
Package for Social Sciences (SPSS version 10.5, Illinois, 
USA) software. The Shapiro-Wilks test was carried out 
to test the normalcy of the data and the data was found to 
be normally distributed. Therefore, parametric statistical 
tests were applied. Intragroup analysis was carried out 
by performing Analysis of Variance (ANOVA) at differ-
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Discussion

Chitin is the second most copious polysaccharide found 
in nature, after cellulose22 from the exoskeleton of spe-
cies of different crustaceans (shrimps, crabs, etc). The 
alluring ability of this polysaccharide graft to potenti-
ate the differentiation of osteoprogenitor cells that may 
facilitate bone formation8 makes it a very promising 
scaffold material in tissue engineering.

In this study, the effect of chitosan gel alone on 
periodontal regeneration was compared with open flap 
debridement. To the best of our knowledge, this is the 
first study in which chitosan gel at a concentration of 
15% was evaluated for the purpose of repairing bone 
defects. The results of the present study demonstrated 
that there were significant improvements observed in 
both clinical and radiographic parameters. 

Intrabony defects when treated with 15% chitosan 
gel that was used as a bone graft (Group 2) exhibited 
a significant PPD reduction of 5.8 ± 1.39 mm, a CAL 
gain of 5.8 ± 1.39 mm, a greater reduction in IBD 
depth of 3.41 ± 1.17 mm and a defect resolution of 
80.49 ± 7.50 % at 9 months. This data was statistically 
significant when compared to open flap debridement 
(Group  1), where PPD reduction was 2.6 ± 1.26 mm, 
CAL gain was 2.6 ± 1.26 mm, IBD depth reduc-
tion was 1.81 ± 0.89 mm and defect resolution was 
47.87 ± 14.28% at 9 months.

In the present study, inflammation was assessed 
based on the plaque index (PI) and gingival bleeding 
index (GBI), since these indices reflect the status of 

ent time intervals. Intergroup analysis was done using an 
unpaired student t- test. In the above tests, P < 0.05 was 
considered to be statistically significant.

Results

A total of 20 defects in 10 patients were evaluated. The 
treated sites were evaluated for clinical parameters at 
baseline, and 3, 6 and 9 months postoperatively. No 
patient dropped out during the study and uneventful 
healing was observed. Good oral hygiene was main-
tained by the patients during the study period. 

Both groups exhibited a significant reduction in 
clinical attachment level (CAL) gain at 9 months. The 
mean difference in CAL gain was significantly higher in 
Group 2 (8.50 ± 1.354 mm vs 2.70 ± 1.337 mm) com-
pared to Group 1 (7.70± 1.337mm vs 5.10 ± 1.287mm) 
at 9 months (Table 1).

The mean amount of defect fill observed in 
Group 2 and Group 1 from baseline to 3 months 
(0.96 ± 0.48 mm vs 0.32 ± 0.07 mm), 6 months 
(2.19 ± 0.69 mm vs 1.14 ± 0.15 mm) and 9 months 
(3.41 ± 1.17 mm vs 1.81 ± 0.89 mm) was recorded 
(Table 1). Statistically significant differences in the 
amount of defect fill were observed between the two 
groups at 6 and 9 months. The percentage of defect fill 
observed for Group 2 and Group 1 at 9 months was 
80.49 ± 7.50 and 47.87 ± 14.28, respectively (Table 2). 
Intragroup analysis demonstrated statistically signifi-
cant results for both groups at different visits for PPD, 
CAL and defect fill (Table 3).

Fig 3  radiographic analysis for group 1 to determine the 
depth of the intrabony defect with three reference lines i.e the 
yellow line represents the cementoenamel junction (CeJ) of 
the tooth; the green line represents the level of the alveolar 
crest (AC) and the red line represents the base of the alveolar 
defect (BD) using a software known as Digimizer (ver 4.0). 
Standardisation of the radiograph (S). X is the distance from 
CeJ to BD and Y is the distance from CeJ to AC. The depth 
of the intrabony defect = X-Y. A) Preoperative radiograph; B) 
9-month postoperative radiograph.

Fig 4  radiographic analysis for group 2 to determine the 
depth of the intrabony defect with three reference lines i.e. 
the yellow line represents the cementoenamel junction (CeJ) 
of the tooth; the purple line represents the level of the alveolar 
crest (AC) and the blue line represents the depth of the alveo-
lar defect (BD) using a software known as Digimizer (ver 4.0). 
Standardisation of the radiograph (S). X is the distance from 
CeJ to BD and Y is the distance from CeJ to AC. The depth 
of the intrabony defect = X-Y. A) Preoperative radiograph; B) 
9-month postoperative radiograph.
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Table 1  Intergroup comparative evaluation of clinical attachment level (CAl) and radiographic bonefill in millimeters (mm) between 
group 1 and group 2 at different visits

Parameters Visit Group N Mean SD P value

CAl

Baseline
group 1 10 7.70 1.337

0.200
group 2 10 8.50 1.354

3 months
group 1 10 6.80 1.549

0.411
group 2 10 6.30 1.059

6 months
group 1 10 6.10 1.370

0.024*
group 2 10 4.70 1.160

9 months
group 1 10 5.10 1.287

0.001*
group 2 10 2.40 1.337

Bonefill

Baseline
group 1 10 4.11 1.19

0.912
group 2 10 4.17 1.24

3 months
group 1 10 3.79 1.124

0.190
group 2 10 3.21 0.76

6 months
group 1 10 2.97 1.04

0.017* 
group 2 10 1.98 0.55

9 months
group 1 10 2.20 0.95

0.001*
group 2 10 0.76 0.30

*P ≤ 0.05 is statistically significant

Table 2  Percentage of defect fill observed for group 1 and group 2 at 9 months.

Parameter Group N Mean (%) Standard deviation P value

Defect resolution
group 1 10 47.87% 14.28% 0.003*

group 2 10 80.49% 7.50%

*P ≤ 0.05 is statistically significant

Table 3  Intragroup comparative evaluation of clinical attachment level (CAl) and radiographic bonefill in millimeters (mm) for group 
1 and group 2 at different visits.

Groups Visits CAL (Mean ± SD) Bonefill (Mean ± SD)

group 1

Baseline 7.70 ± 1.337 4.30 ± 1.160

3 months 6.80 ± 1.549 3.90 ± 1.101

6 months 6.10 ± 1.370 3.00 ± 1.155

9 months 5.10 ± 1.287 2.30 ± 0.823

P value 0.002 0.001*

group II

Baseline 8.50 ± 1.354 4.30 ± 1.252

3 months 6.30 ± 1.059 3.20 ± 0.919

6 months 4.70 ± 1.160 2.00 ± 0.471

9 months 2.70 ± 1.337 0.80 ± 0.422

P value 0.001* 0.001*

*P ≤ 0.05 is statistically significant 
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gingival inflammation. No inflammatory reactions 
along with the total biological acceptance were noticed. 
Furthermore, statistical analysis revealed that there is 
no statistical difference between the group selection, 
with respect to clinical and radiographic parameters. 
To ensure standardisation, properly calibrated examin-
ers recorded the measurements and randomisation (flip 
a coin) was performed for unbiased allocation of the 
groups.

When the results of our study are compared to a 
previous study conducted by Boyneugri et al20 on 1% 
chitosan gel for intraosseous defects, it was reported 
that there was a reduction in PPD by 1.60 mm for 1% 
chitosan and 2.0 mm for open flap debridement. Even at 
6 months the results showed a PPD reduction of 3.8 mm 
for 15% chitosan, which is superior. Also, according 
to Boyneugrietal20, the mean amount of defect fill 
observed at 6 months was 1 mm in comparison to 
2.19 ± 0.69 mm observed in the current study.

Similarly, our results were better in comparison 
with another study where chitosan gel was applied for 
the treatment of chronic periodontitis. It was noted 
that after 6 months there was a reduction in PPD by 
1.21 mm for chitosan and 0.94 mm for the control14.

Furthermore our results are in accordance with the 
previous studies where they combined chitosan with 
hydroxyappetite, PDGF-BB and chitosan in combina-
tion with collagen membrane, indicating that chitosan 
improves clinical parameters and radiographic bone 
resolution20.

The noteworthy improvements noticed in the cur-
rent study can be substantiated by reviewing the com-
mendatory properties of chitosan on regeneration. The 
structural characteristics of chitosan are similar to the 
glycosaminoglycans, specifically hyaluronic acid that is 
found in extracellular matrices of numerous tissues and 
may mimic its functional behaviour. Hyaluronic acid 
is thought to facilitate the migration and proliferation 
of progenitor cells facilitating tissue regeneration23. 
Chitosan may enhance osteoblastic differentiation and 
interfere with the fibroblast function to inhibit bone 
formation and indirectly facilitate osteogenesis8. The 
significant advantage of chitosan is that its degradation 
product is neutral to weak base sugar as opposed to 
certain graft materials that generate acidic degradation 
by products evoking an undesirable tissue reaction21.

However, the results of this study should be inter-
preted with caution as there are certain inherent limita-
tions. Chitosan itself has some limitations despite the 
fact that it is a propitious material. This polysaccharide 
has poor solubility24 and lacks long-term stability. The 
mechanical strength of the chitosan scaffold needs to 

be improved25. In order to attain the desired mechani-
cal properties of chitosan scaffold, hydroxyapatite26 or 
gelatine27 can be used. In the future, there is a need for 
long-term randomised clinical trials and histometric 
analysis should be conducted in order to ratify the out-
come of this study.

With the limited evidence available, it can be con-
cluded that 15% chitosan gel may have osteogenic 
regenerative potential and may be used in the manage-
ment of intraosseous defects.
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