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ABSTRACT

Back ground and objectives: Furcation defects are challenging scenario for periodontal therapy and have an impact on 
prognosis of the teeth. The prognosis of teeth with class II furcation defects may be improved by regenerative therapy. 
Hence, the purpose of this clinico – radiographic study is to evaluate and compare the efficacy of collagen chitosan 
membrane with porous hydroxyapatite bone graft material in mandibular class II furcation defects.

Materials and methods:  Total numbers of 10 (5 male and 5 female) patients, aged between 35-65 years with bilateral 
mandibular molar class II furcation defects were selected. Clinical parameters such as Probing Pocket Depth (PPD), 
Relative Clinical Attachment (RAL), Vertical Open Probing Depth (VOPD), Horizontal Open Probing Depth (HOPD) and 
Auto -CAD radiograph analysis were assessed.   The patients were randomly divided into test and control groups, the test 
group received hydroxyapatite graft material with collagen chitosan membrane while control group received 
hydroxyapatite material alone and the  sites were examined  before the surgery ( at baseline) and after 9 months at the 
time of  surgical reentry.

Results: The gains related to PPD, RAL, VOPD and HOPD were found to be statistically significant for test and control 
groups. However, the test sites demonstrated statistically significant improvements in all parameters when compared to 
control sites. When compared to baseline intra-group comparison demonstrated statistically significant Radiographic 
bone gain in both test and control sites. While intergroup comparison demonstrated better radiographic bone gain in test 
sites when compared to control sites.

Interpretation and conclusion: Both test and control groups demonstrated statistically significant improvement in both 
clinical and radiographic parameters, but comparatively  test site have shown more reduction in PPD, gain in  RAL, VOPD, 
HOPD. However, long term studies are needed for clinical evidence that combining collagen chitosan membrane and HA 
is more beneficial compared to HA alone.

Key words: Guided tissue regeneration (GTR) HA; hydroxyapatite ( bone graft material); Chitosan (GTR  membrane); 
furcation defects.

INTRODUCTION:

Periodontal disease is one of the most prevalent 

diseases worldwide. Periodontal disease results in a 

loss of periodontal attachment apparatus, including 

loss of tooth-supporting alveolar bone. The purpose 

of periodontal therapy is to eliminate the 

inflammation of the periodontal tissues, to arrest 

the destruction of soft tissue and bone caused by 

periodontal disease, and regenerates the lost tissue, 

[1]
if possible.

Since the early 1980's, the periodontal surgeons 

were approaching a certain problems (e.g. furcation 

defects, deep intrabony defects, localized gingival 

recession), with a various therapeutic procedures 

aimed at greater, more predictable regeneration of 
[2]

the periodontal tissue and functional attachment.

Periodontal wound healing, following different 

treatment modalities, revealed that neither of the 

procedures alone nor in combination with the bone 

grafting result in the formation of a new attachment. 

These findings on periodontal wound healing led to 

the development of the “Guided tissue regeneration 
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[3](GTR)” therapy.   The goal of this therapy is to 

obtain a compatible tooth/ connective tissue 

interface simulating the tissues lost due to 

inflammatory periodontal diseases.

Among the periodontal defects, the furcation 

involvement represents one of the most challenging 

scenarios due to difficulty in achieving a predictable 

improvement regardless of the type of the 

periodontal therapy. Moreover, the presence of 

furcation involvement has been demonstrated to 

considerably impact the tooth prognosis. Class II 

furcation defects, with their unique anatomy can 
[4,5] pose a special regenerative challenge. Several 

studies have revealed that, treating a class II 

furcation defects with bone graft materials in 

combination with GTR therapy have a beneficial 
[6,7,8]effect.

Thus the objective of the present study is to evaluate 

and compare the efficacy of newly developed 

collagen chitosan membrane with porous 

hydroxyapatite bone graft materials in mandibular 

class II furcation defects.

The collagen chitosan ® membrane developed by 

Central Institute of Fisheries Technology Cochin, 

this material consists of a thin film of fish collagen 

impregnated with a layer of chitosan on one side. 

The bone graft material Periobone-G® (porous 

hydroxyapatite) is synthetic hydroxyapatite with 

the clinical formula Ca10 (PO4)6(OH) 2. It has the 

Ca/P ratio close to 1.67 and granule size of 0.15-

0.35mm. They are prepared by precipitation 

method.. This granule was developed by the bio-

medical technology wing of Sree Chitra Tirunal 

Institute for medical sciences and Technology, 

Trivandrum

METHODOLOGY

This clinical & radiological study was carried out in 

the department of Periodontics in association with 

the department of oral medicine & radiology, 

S.D.M.College of dental sciences & hospital, 

Dharwad. 

Total number of 10 (5 Male + 5 Female) patients 

with bilateral Class II furcation defects in 

mandibular molars, resulting from moderate to 

advanced periodontitis were selected. All patients 

were treated in split mouth design and were 

followed up for a period of 9 months. Among the 

patients, one patient did not return for recall.

 INCLUSION & EXCLUSION CRITERIA 

Systemically healthy individual in the age group of 

25-65 years, with no history of any medication, 

periodontal therapy in past 6 months were 

included. Defects around carious, mobile or non 

vital teeth were excluded. 

STUDY DESIGN

A written informed consent form, explaining the 

nature of the study and surgical procedure were 

signed by the patients. 

CLINICAL PARAMETERS

The following clinical parameters were assessed to 

the nearest millimeter on a UNC- 15 (with an 

occlusal stent) periodontal probe, by a single 

examiner for each surgical site before surgery 

(baseline) & after 9 months at the time of surgical re-

entry. Naber's color- coded probe was used  for the 

detection of class II furcations (3-6mm). 

Gingival index (Loe& Silness, 1963), Probing pocket 

dept (PPD), Relative attachment level: Is the vertical 

distance from the land mark (fixed point marked on 

the stent) to the base of the periodontal pocket, 

Horizontal open probing depth (HOPD): Horizontal 

distance from the depth of the furcation defect till 

the inner surface of the rubber stopper, Vertical 

open probing depth (VOPD): From the base of the 

furcation defect to the stent marking.

RADIOLOGICAL PROCEDURE 

Intra- oral periapical radiographs were taken by 

paralleling cone technique at baseline and after 9 

months of postoperative. These radiographs were 

scanned under a transmission scanner and were 

enlarged uniformly for ease of measurement. 

Images were analysed by Automatic Computer 

Aided Design Software (Auto CAD).

PRESURGICAL PROCEDURE
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All the patients were subjected to routine blood 

examination including an ELISA test to rule out for 

HIV and Hepatitis screening. 

All the patients were subjected to full mouth scaling, 

root planning, curettage, oral hygiene instructions, 

and occlusal adjustment wherever indicated. 

Reevaluation was done after initial therapy.

SURGICAL PROCEDURE:

After an adequate local anesthesia, a sulcular 

incision was made on the buccal & lingual aspect of 

one tooth distal to the defect site. The full thickness 

muco- periosteal flap (envelope) was elevated, 

thorough debridement was carried out, scaling and 

root planning performed. Both vertical and 

horizontal measurement of the furcation defect was 

recorded, appropriate amount of the bone graft 

(Periobone –G ® )  was placed at control site. 

In a test site, after the defect was filled with 

periobone –G®, the membrane was reduced to the 

required dimensions and soaked in normal saline 

solution in order to remove excess alcohol & 

improve its adhesion properties.  It  was 

subsequently adapted over the defect extending 2-

3mm apical to the crest of the existing bone, so as to 

provide a broad base during the placement, the 

coronal portion of the membrane was tightly 

secured to the CEJ of the tooth with pre placed 

bioresorbable 4-0 vicryl sutures. The flaps were 

secured with the vertical mattress suture to obtain 

primary closure of interdental tissue over the 

membrane. A periodontal dressing was given at the 

surgical site. All patients were prescribed an 

analgesics Ibuprofen 400mg tid x 3 days and 

Doxycycline hyclate 200mg for the first day followed 

by 100 mgs per day for 13 days.

PROCEDURE FOR SURGICAL RE-ENTRY

The area was anesthetized, crevicular incision was 

made extending one tooth mesially & distally from 

the defect site. Care was taken so as not to disturb 

the underlying tissue matrix, measurements were 

taken and the flap was sutured back into place with 

interrupted sutures, then periodontal pack was 

placed. Post surgical instructions were repeated, 

Suture removal was done after one week.

RESULTS

Gingival Index

The mean gingival index in test and control group, at 

base line and 9 months of post surgery have shown 

statistically significant difference at 1% level 

(Table–1) while, on  comparison at 9 months the 

difference in test group and control group was not 

statically significant  at 1% level. (Table-6 and 

Graph-1).
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Group Period Mean Std. Dv n Mean Diff SD Diff Paired 

t-value 

p-value Signi. 

 

Test Baseline 1.6400 0.2626 

 

9 0.0489  0.0553 2.6509 0.0292  S 

9 months 1.5911 0.2512 

Control Baseline 1.6533 0.2525 9 

 

0.0533  0.0665 2.4053 0.0428 S 

9 months 1.6000 0.2077 

 

Table 1: Comparison of baseline and 9 months Gingival index Values in test and control groups
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Table6: Comparison of test and control groups of baseline, 9 months and change gingival index scores

Variable  Groups M ean SD t-value p-value S ignificance 

Base Line Test  1.6660 0.2609 0.0877 0.9311 NS  

Control  1.6760 0.2486 

9 months Test  1.5911 0.2512 0.0818 0.9358 NS  

Control  1.6000 0.2077 

Change Test  0.0489 0.0553 0.1541 0.8795 NS  

Control  0.0533 0.0665 
 

Graph I: Comparison of test and control groups of baseline, 9 months and change gingival index scores

Probing Pocket Depth

The mean probing pocket depth in test group was 4.6mm at baseline and 2.1mm at the end of 9 months. Thus a 
reduction of 2.6mm was achieved which was statistically significant at 1% level and in control group it was 
4.8mm at baseline and 3.1mm at the end of 9 months, a gain of 1.7 mm was achieved which was also 
statistically significant at 1% level. (Table- 2)  when compared to control group additional improvement of 
0.9 mm was observed in test group which was statistically significant at 1% level. (Table-7 and Graph- 2).

Table 2: Comparison of baseline and 9 months PPD scores in test and control groups

G ro up  Period  M ean  Std. D v  n  M ean D iff S D  D iff Paired  

t-value  

p-

value  

S igni. 

 

T es t B aseline  4.6667  0.7071  9 2 .5556  0 .5270  14.5465  0.0000  S  

9 m onths 2 .1111  0.6009  

C ontrol B aseline  4.7778  0.8333  9 

 

1 .6667  0 .7071  7.0711  0.0001  S  

9 m onths  3.1111  0.7817  
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Table 7: Comparison of test and control groups of baseline, 9 months and change PPD scores

V ariab le  G roups M ean  SD  t-value p -value S ign ificance 

Base L ine T est  4.6000   0.699  -0 .000  1.000  N S  

C ontro l  4.6000  0.966  

9 m onths T est  2.1111  0.6009  -3 .0426  0.0078  S  

C ontro l  3.1111  0.7817  

C hange T est  2.5556  0.5270  3.0237  0.0081  S  

C ontro l  1.6667  0.7071 
 

 

Graph II: Comparison of test and control groups of baseline, 9 months and change PPD scores

Relative attachment level (RAL)

The mean relative attachment level in test group was 8.40 mm at baseline and 6.56 mm at the end of 9 
months. Thus a gain of 1.78 mm was achieved which was statistically significant at 1 % level and in control 
group it was 7.80mm at baseline and 8.22 mm at the end of 9 months with a loss of 0.42mm which was 
statistically not significant at 1 % level (Table -3). On comparison between test group & control groups the 
difference of 4.54mm was found at the end of 9 months, which was statistically significant at 1 % level. 
(Table -8 and Grah-3)

Table 3: Comparison of baseline and 9 months RAL scores in test and control groups

G ro up  Period  M ean  Std. D v  n  M ean D iff SD  D iff Paired  

t-value  

p-

value  

Signi.  

 

T es t B aseline  8.333 3  1.500 0  9 1 .7778  0.8333  6.4000  0.0002   S  

9 m onths 6 .555 6  1.236 0  

C ontrol B aseline  7.888 9  1.453 0  9 -0 .3 333  1.1180  -

0 .8944  

0.3972   N S  

9 m onths  8.222 2  1.301 7  
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Table 8 : Comparison of test and control groups of baseline, 9 months and change RAL scores

V ariable  G roups M ean SD  t-value p-value S ignificance 

Base L ine Test  8.4000  1.4298  0.9487  0.3553  N S  

C ontrol  7.8000  1.3984  

9 m onths Test  6.5556  1.2360  -2.7854  0.0132  S  

C ontrol  8.2222  1.3017  

C hange Test  1.7778  0.8333  4.5419  0.0003  S  

C ontrol  -0.3333  
 

1.1180  

 
Graph III Comparison of test and control groups of baseline, 9 months and change RAL scores

Vertical open probing depth (VOPD)

The mean vertical open probing depth in test group was 9.6mm at baseline and 8.2mm at the end of 9 months, 
a gain of 1.3 mm was achieved and in control group it was 9.6mm at baseline and 9.1mm at the end of 9 months 
with a gain of 0.4mm was achieved. Improvements in both groups were statistically significant at 1 % level. 
(Table-4) The difference in VOPD between test & control group at the end of 9 months was 2.6mm which was 
statistically significant at 1 % level. (Table -9 and Graph- 4)

Table 4: Comparison of baseline and 9 months VOPD scores in test and control groups

Gro up Period M ean Std. Dv n M ean Diff SD Diff Paired 

t-value  

p-

value 

Signi. 

 

Tes t Baseline  9.555 6  0.527 0 9 1.3333  0.7071 5.6569 0.0005  S  

9 months 8.222 2  0.833 3 

Control Baseline  9.555 6  0.726 5 9 0.4444  0.7265 1.8353 0.1038  S  

9 months 9.111 1  0.781 7 
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Table 9: Comparison of test and control groups of baseline, 9 months and change VOPD scores

V a ria b le   G ro u p s M ea n  S D  t-v a lu e  p -v a lu e  S ig n ifica n ce  

Base  L in e  T est  9 .5 0 0   0 .5 2 7 0  0 .3 2 0  0 .7 5 4 1  N S  

C o n tro l  9 .4 0 0   0 .8 4 3 3  

9  m o n th s T est  8 .2 2 2 2   0 .8 3 3 3  -2 .3 3 3 8  0 .0 3 3 0  S  

C o n tro l  9 .1 1 1 1   0 .7 8 1 7  

C h an g e  T est  1 .3 3 3 3   0 .7 0 7 1  2 .6 3 0 4  0 .0 1 8 2  S  

C o n tro l  0 .4 4 4 4   
 

0 .7 2 6 5  
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Graph IV Comparison of test and control groups of baseline, 9 months andchange VOPD scores

Horizontal open probing depth (HOPD)

The mean horizontal open probing depth in test group was 4.0mm at baseline and 1.7mm at the end of 9 
months, thus a horizontal defect fill of 2.3mm was achieved. In control group HOPD was 3.4mm at baseline 
and 2.2mm at the end of 9 months with a horizontal defect fill of 1.2mm.  Thus both groups showed 
reduction in HOPD which statistically significant at 1 % level. (Table-5) The Comparison of test group with 
control after 9 months of post surgery was 5.0mm which was statistically significant difference at 1 % 
level.(Table-10 & Graph-5)

G ro up  Period  M ean  Std. D v  n  M ean D iff S D  D iff Paired 

t-value  

p-

value  

S igni. 

 

Tes t Baseline  4.0000  0.8660  9 2.3333  0 .5000  14.0000  0.0000  S  

9 m onths 1.6667  0.8660  

Control Baseline  3.4444  0.5270  9 1.2222  0 .4410  8.3152  0.0000  S  

9 m onths 2.2222  0.4410  

 

Table 5: Comparison of baseline and 9 months HOPD scores in test and control groups
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Table 10: Comparison of test and control groups of baseline, 9 months and change HOPD scores

V ariable  G roups M ean SD  t-value p-value S ignificance 

Base L ine Test  4.0000  0.8165  1.960  0.0652  N S  

C ontrol  3.400  0.5164  

9 m onths Test  1.6667  0.8660  -1 .7150  0.1056  N S  

C ontrol  2.2222  0.4410  

C hange Test  2.3333  0.5000  5.0000  0.0001  S  

C ontrol  1.2222  0.4410 
 

 
Graph V Comparison of test and control groups of baseline, 9 months and change HOPD scores

The mean percentage of furcation defect fill in the test group was 57.5% as compared to 35.29% in the control 
group. The mean gain in AutoCAD analysis of radiographic bone levels in test group and control groups were 
0.48mm and 0.09mm respectively, with a gain of 2.65mm

In test group the difference was shown to be statistically significant at 1 %. (Table-11 and Graph -6)

Table 11: Comparison of test and control groups of baseline, 9 months and change AutoCAD analysis of 
radiographic bone levels

V ariable  G roups M ean SD  t-value p-value S ignificance 

Base L ine T est  0.7784  0.6548  2.630  0.0168  S  

C ontrol  0.2051  0.2118  

9 m onths T est  0.3297  0.2944  1.9012  0.0754  N S  

C ontrol  0.1262  0.1283  

C hange T est  0.4845  0.4260  2.6586  0.0172  S  

C ontrol  0.0940 
  

0.1124  
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earth. It is biocompatible, biodegradable, safe and 

nontoxic. Chitosan has a good healing and 

haemostatic potential. It also accelerates formation 
[13,14]of osteoblast . 

Synthetic porous hydroxyapatite bone graft 

materials (Periobone –G) is used in this study, these 

are type of bioceramic alloplasts, considered to be 

o s t e o c o n d u c t i v e  i n  n a t u r e .  T h e s e  a r e  

biocompatible, slow resorbing bone substitutes. 

The porous nature of the material is responsible for 

direct bonding of these materials to existing bone. 

In current study, after nine months at surgical 

reentry test site revealed, thin pinkish fibrous 

connective tissue on newly formed hard tissue and 

very compact and resistant bone graft material. 

These findings were in accordance with Yukna et 
[15, 16]

al.  The control sites revealed newly formed 

tissue which was pebbly in appearance, partially 

calcified, hard and resistant to penetration of probe. 

These findings were in accordance with the Rabalais 
[17]

et al. 

[18]
Becker et al  proposed a time of 4-6 weeks for the 

membrane to stay in a place to a achieve a proper 

regeneration. The collagen –chitosan membrane 

used in this study is considered to resorb completely 

within 12 weeks, as per the animal subcutaneous 

implantation done in the parent institute. 

[19]Iglhaut et al  (1988)  was stated that the 

amplifying division of periodontal ligament cells 
[20]might be completed in 21 days. Pitaru et al (1989)  

in his study found that, if collagen barrier were 
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Discussion:

Regeneration of periodontium to its pre diseased 

state is the optimal therapeutic goal for clinicians. 

Various treatment modalities such as bone grafting, 

GTR membrane placement, root conditioning have 

shown a promising results in periodontal 
[8]

regeneration.  Several non absorbable and 

absorbable materials are used as barrier devices in 
[9]periodontal guided tissue regeneration.

The present split mouth study evaluated the efficacy 

of resorbable collagen chitosan membrane and 

porous hydroxyapatite in the treatment of 

mandibular class II furcation defects in patients 

with moderate to severe adult periodontitis. The 

control site was grafted with synthetic porous 

hydroxyapatite bone graft material alone and the 

test site was grafted with synthetic porous 

hydroxyapatite bone graft material over which 

collagen – chitosan barrier was applied.  

 As a collagen is the most abundant protein in the 

human body and the main constituent of 
10

periodontium.  Collagen when infiltrated by 

vascular channels may act as a lattice allowing 
11,12migration of periodontal ligament cells.  

Considering the importance of collagen in 

periodontal regeneration, the fish collagen 

absorbable material have been  used in this study 

with a layer of chitosan. Chitosan is linear 

polysaccharide which s produced commercially by 

deacetylation of chitin which is second most 

ubiquitous natural polysaccharide after cellulose on 

Graph VI Comparison of test and control groups of baseline, 9 months and change AutoCAD analysis of 
radiographic bone levels
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resorbed before 30 days, a new cementum could be 

found in the area but not a new bone. However, it 

was found that 10 days duration seemed long 

enough to avoid apical migration of epithelium. 

Both test  and control groups after nine months of 

post surgery, showed statistically significant 

reduction in PD, gain in CAL, reduction in VOPD and 

HOPD at 1% level. On the comparison between test 

and control groups statistically significant 

difference at 1% level was found in all parameters.  

These findings were in accordance with Yukna et al 
[16] [21]

(1997) , Houser et al (2001)  , Yukna et al  
[15] [22]

(2001) , Rosen PS (1999)  Gain in CAL could be 

due to tissue repair and the formation of long 
[22]

junctional epithelium  Houser et al (2001) . 

The test group exhibited 57.50% of defect fill as 

compared to 35.29% in control group. The bone fill 

was due to clot stabilization and osteoconductive 

properties of the graft material which was covered 

by membrane. The mean gain in the Auto CAD 

analysis of radiographic bone levels in the test and 

control groups was statistically significant at 1% 

level. At the end of 9 months the difference between 

test & control group was not statistically significant 

at 1%level.

The present study revealed that, no complete 

furcation closure was achieved in any of the defect 

sites. There was a considerable change from class II 

to class I in all of the defects studied, it may be 

suggested that partial change in class II furcation to 

class I furcation may improve the prognosis of the 

tooth. This is in agreement with studies by Yukna et 
[16] [23]al (2001) , Anderegg et al (1999) , and Leonardis 

[24]et al (1990) .

This result confirms that many variables may 

render the treatment of Class II furcation defects 

unpredictable.  Among these factors,  the 

morphology of the bony defect, the anatomy of the 

roots and the radicular trunk and the amount of 
[24,16]

remaining periodontium may play a major role.  

The use of membrane materials resulted in clinical 

improvement in furcation defects. Test sites 

demonstrated statistical improvement over the 

control sites in probing attachment gains. This 

suggests that combined use of collagen chitosan 

with HA graft in class II furcation defects leads to 

significant regeneration than HA graft alone.
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Fig I (a) Pre- operative detection of furcation
defect using naberGÇÖs probe at control site

Fig I (b) Pre- operative VOPD measurement
with occlusal stent at Control site

Fig I (c) Pre -operative HOPD measurement
at Control site

Fig I (d) Pre -operative radiograph at Control site
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Fig IV Bone graft and Membrane placed at Test site

Fig II (b) Pre -operative HOPD measurement
at Test site

Fig II (a) Pre- operative VOPD measurement with
occlusal stent at Test site

Fig II (c) Pre -operative radiograph at Test site

Fig III Bone graft placed at control site

Fig V (c) HOPD measurement on
Surgical reentry at control site

Fig V (a) Surgical reentry at control site

Fig V (b) VOPD measurement with occlusal
stent on Surgical reentry at control site

Fig VI (a) Surgical reentry at Test site

Fig V (d) Post -operative radiograph at Control site
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Fig VI (b) VOPD measurement with occlusal stent
on Surgical reentry at Test site

Fig VI (d) Post -operative radiograph at Test site

Fig VII (a) Preoperative and Post operative
Auto CAD analysis at Control site

Fig VII (b) Preoperative and Post operative
Auto CAD analysis at Test site

CONCLUSION:

The study was aimed at evaluating the efficacy of 

resorbable collagen chitosan membrane and porous 

hydroxyapatite in the treatment mandibular class II 

furcation defects. Collagen chitosan membrane had 

an excellent handling characteristics and biologic 

acceptance. The use of collagen-chitosan membrane 

and bone material was not associated with any local 

or systemic adverse reaction or clinically detectable 

allergic reactions. Thus combined use of resorbable 

collagen chitosan GTR membrane & bone graft 

material can be effectively used in the treatment of 

class II furcation defects. Histological examination 

and future studies evaluating the long term effects of 

the treatment with more precise techniques for 

assessment of regeneration would be required to 

draw conclusive evidence about regenerative 

potential of these GTR membranes and bone graft 

materials in treatment of various periodontal 

defects.
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