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Abstract 
      This study evaluated the adjunctive use of locally delivered carbonate apatite (CHA) membrane 
with scaling and root planing (SRP) as compared with SRP alone in the treatment of chronic 
periodontitis.  
      Split-mouth study, 22 patients with two sites in the contralateral quadrants with probing pocket 
depth ˃5 mm were selected. The test site received SRP with CHA membrane application, and the 
control site received SRP alone. The amounts of matrix metalloproteinase-8 (MMP-8) in gingival 
crevicular fluid were measured by ELISA. Measurements were obtained at baseline (day 0) and 30 
days after SRP (day 30).  
      The mean MMP-8 levels at baseline and 30 days in the test groups were 1865.04 (±414.44) 
and 1013.04 (±608.32) pg/mL, respectively. By contrast, the mean MMP-8 levels of the control 
group were 1635.30 (±593.91) and 1121.62 (±614.99) pg/mL, respectively. Significant differences 
in MMP-8 levels before and after SRP were observed in both groups (P<0.001). CHA membrane 
application with SRP decreased significantly MMP-8 at 30 days compared with SRP alone.  
     The application of the CHA membrane after SRP showed a marked decrease in MMP-8 gingival 
crevicular fluid levels compared with the use of SRP alone. 
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 Introduction 
 
 The inflammatory disease “Periodontitis” 
is characterized by connective tissue damage 
well as alveolar bone.1 Despite the important role 
played by pathogenic microbes in the etiology, a 
mixture of host-derived and environmental 
factors were implicated in the disease onset and 
progression.2 The immune products generated 
by the host are locally synthesized, and are 
consequently identified in the gingival crevicular 
fluid (GCF). The indicating markers comprises 
prostaglandin, cytokines, host- and bacteria-
derived enzymes, as well as the degradation 
products of connective tissues.3 Furthermore, 
periodontal tissue infection by pathogenic 
microorganisms play an important role in 

triggering the inflammatory defense mechanisms, 
responsible for the production of enzymes and 
cytokines. For example, the matrix 
metalloproteinases (MMPs) generated leads to 
degradation of tissues and subsequently bone 
resorption.4 This is a form of neutrophil-
synthesized collagenase, considered to be the 
major MMP in extracellular matrix degradation 
and remodeling. Also, MMP-8 has a formidable 
affinity for an abundant collagen present in the 
periodontal tissue, also known as type I.5 

Moreover, the most conspicuous 
collagenase in connection with periodontitis is 
reported in GCF, existing in an active form, and 
also in high quantities for chronic sufferers. 6 
Therefore, the MMP-8 levels tend to further 
increase under this circumstances with time.7 
The reduction in MMP-8 gingival crevicular 
sulcus level after mechanical scaling and root 
planing (SRP) shows that MMP-8 is one of the 
molecules with diagnostic potential that can be 
used to indicate the improvement in the 
inflammatory response in periodontitis.8 
Meanwhile, mechanical debridement performed 
by SRP is adopted in conventional periodontal 
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treatment, and is aimed at eliminating the 
infected tissues as well as the subgingival 
microbiota present within the inflamed pocket. 
The deeper pockets, alongside the involvement 
of furcation or root concavities inhibits the 
procedural effectiveness.9 

 Additional therapy to optimize 
periodontal tissue healing after initial treatment 
can be carried out with local treatment in the 
periodontal pocket.10 The discovery of material in 
the form of a membrane containing basic 
carbonate apatite (CHA) is worthy of further 
examination regarding its effect on periodontal 
treatment success. It was developed as a chip 
preparation known as CHA membrane.11 CHA is 
an apatite mineral ((Ca10F2(PO4)6) in the form of 
tissue graft material with good compatibility and 
bioresorption.11  Liao et al. used a combination of 
various carrier materials with active 
hydroxyapatite or nano carbonate to prove that 
cell adhesion and proliferation can be increased 
in the periodontal ligament by 30%.12   
 The use of material from the 
combination between n-CHA and collagen can 
be applied in various medical fields due to its 
flexibility, mechanical strength, easy to 
manipulate, good biocompatibility, and controlled 
bioresorption.13 Previous research has been 
conducted to analyze the effect of CHA 
membrane on reducing bleeding on probing.14 
Only a few studies have examined the effect of 
CHA on gingival health. Less is known about the 
effect of subgingival administration of the CHA 
membrane on periodontitis. The research 
hypothesis is that the application of CHA 
membranes improves healing after scaling and 
root planing, with decreased levels of MMP-8 
gingival crevicular fluid. The present study aimed 
to evaluate the therapeutic effect of SRP along 
with the adjunctive use of locally delivered CHA 
membrane as compared with SRP alone in 
patients with chronic periodontitis. 
 

Materials and methods 
 

The Health Research Ethics Committee 
Universitas Padjadjaran, approved this study 
protocol with registration number 
4534/UN6f1/LT/2016. Therefore, a total of 
twenty-two chronic periodontitis patients (male 
and female, age range 36–62 years) were 
selected to the periodontal clinic at the faculty of 
Dentistry. The patients were enlightened on the 

clinical trial design, and a written consent for 
voluntary participation was subsequently 
obtained. This was followed by a split-mouth 
design, where two sites were chosen in 
contralateral quadrant on maxilla and mandible, 
with probing pocket depths ˃5 mm at baseline. A 
total of 44 posterior site were selected and 
randomly divided into the test and control groups, 
respectively provided with SRP combined with 
CHA membrane, and SRP alone. The patients 
included in this study were stage II moderate 
periodontitis with a bilateral probing depth of ˃5 
mm, alongside a plaque score <10%. The 
exclusion criteria includes those with a smoking 
history, presence of systemic diseases, currently 
pregnant or breastfeeding mothers, systemic 
antibiotics intake within the previous 3 months, 
exposed to periodontal surgical procedures in the 
last 6 months, as well as subjects presently 
partaking in orthodontic treatment.15  

The number of samples was determined 
using a confidence level of 99% with 95% power 
test. The formula for the number of samples was 
used to compare the two mean values, the 
average difference was -10.25 (11.27-21.52) and 
S pool = 3.105.16 The CHA membrane was 
fabricated by TIER Research Group, Department 
of Dental Biomedical Sciences, Faculty of 
Dentistry -Universitas Gadjah Mada. First, 0.25 
gr bovine gelatin (Type B gelatin from bovine 
bone, Nitta Gelatin Inc., Osaka, Japan) and 5 mL 
of distilled water were blended using magnetic 
stirrer (IKA-RCT basic, Germany) for 30 mins 
with 200 rpm rotational speed at 37ºC until fluffy. 
In a separate container (Beaker Glass, Pyrex), 
calcium hydroxide (Ca(OH)2, Wako, Tokyo, 
Japan) and 5 mL of distilled water were mixed 
together until homogeneous (20 min). Third, the 
mixture of gelatin and distilled water was placed 
in a water bath at 37°C until it was completely 
melted. (Ca(OH)2) and homogeneous distillates 
were mixed together with melted gelatin and 
distillate and then stirring using a magnetic stirrer 
by adding phosphoric acid (H3(PO)4, Merck). 
Fourth, the pH was measured and adjusted to pH 
7.4 by using a pH meter to equalize the acidity of 
the material in accordance with the acidity of 
human body fluids, which is 7.4. The material 
was molded using polypropylene molds and 
cooled at 4°C in the refrigerator to dry.  

The CHA film membrane was dried and 
separated from the mold. Hydrothermal treatment 
with a vacuum oven at 140 °C was carried out for 
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72 h. Finally, the CHA membrane was cut to the 
size of 5 mm × 4 mm × 0.3 mm [Figure 1]. The 
CHA membrane characterization has been 
performed by Ardhani et.al., using gelatin: 
carbonate apatite ratio of 7:3.17 

 

 
Figure 1. Carbonate apatite (CHA) membrane 
(5mm × 4mm).  
 

A piezoelectric ultrasonic scaler was 
employed for full-mouth, while Gracey curette 
was applied to the control and test sites for root 
planing (Osung, Korea) in specific areas. These 
selected sites were then isolated using cotton 
rolls and dried, before inserting the CHA 
membranes deeply into the periodontal pocket to 
ensure the subgingivally resting membranes 
present at base are not exposed. The CHA 
membranes locally delivered inside the pockets 
were maintained using periodontal dressing 
(Coe-Pak, GC America, Inc., Chicago, IL) for 1 
week. This was followed by providing patients 
with instructions on the avoidance of chemical 
mouthwashes and also to promote regular tooth 
brushing. In addition, directives were specified on 
the need for consistent report back to the clinic, 
in order to ensure the proper management of 
discomfort or irritation. 

The GCF was collected and the 
periodontal examination including PPD  was 
conducted in the deepest pocket at baseline and 
30 days after SRP to measure PPD and MMP-8 
levels. The GCF samples were obtained from the 
deepest site of the pocket. After the cotton rolls 
were applied and dried, Periopaper strips 
(Oraflow Inc., Plainview, NY, USA) were placed 
at the margin of the crevice and inserted into the 
gingival sulcus to a depth of about 2 mm, 
avoiding soft tissue damage. The paper strips 
were left in place for 30 s and then transferred 
into 5 mL Eppendorf tubes containing PBS.18,19 

Samples that were analyzed by ELISA were 
stored at -20°C. 

The highly sensitive ELISA kit (Cloud-
Clone Corp., Houston, TX, USA) adopted during 
assays were commercially available, and used in 
accordance with the manufacturer’s instructions. 
This accurately detects the levels of enzymes in 
duplicate samples. In addition, the kit utilized the 
avidin–biotin–peroxidase complex as well as 
biotinylated anti-human MMP-8 antibody, and all 
standards, samples, and reagents were freshly 
prepared. A total of 100 µL samples or standards 
were introduced to each well, and was followed 
by incubation at 37°C for 2 h. Therefore, liquid 
contained in the respective wells were aspirated, 
and then 100 μL of the detection reagent A was 
added before incubating at 37°C for 1 h. This 
aspiration and washing process was performed 
three times, before adding 100 µL of the 
detection reagent B prepared, followed by 
incubation at 37°C for 30 min. The liquids were 
subsequently aspirated and washed for a total of 
five times, before adding about 90 µL of 
substrate solution. Furthermore, the standards or 
samples were incubated at 37°C for 10 to 20 min 
before adding 50 μL stop solution, and then the 
ELISA reader (Rayto, RT-6500 Microplate 
Reader) was used to immediately read the 
substrate color reaction absorbance at 450 nm. 
The MMP-8 level in total was verified in picogram 
(pg), and the concentration present in the 
respective samples were evaluated by dividing 
the enzyme quantity sample volume (pg/mL). 

SPSS 20.0 (NY, USA) was applied in 
statistical analysis, while data normality was 
determined using the Shapiro–Wilk test. 
Furthermore, all data were presented in the 
form of mean (±SD), while Wilcoxon test and 
Mann-Whitney tests were used to evaluate the 
differences in MMP-8 levels between the control 
and test groups, at a statistical significance of 
P<0.05. 
 

Results 
 
The study was conducted on 22 subjects 

with chronic periodontitis, consisted of 11 men 
and 11 women with an age range of 36–62 years 
(Table 1). 

Mean MMP-8 levels at baseline and 30 
days in the test groups were 1865.04 (±414.44) 
and 1013.04 (±608.32) pg/mL, respectively, 
whereas those in the control group were 1635.30 
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(±593.91) and 1121.62 (±614.99) pg/mL, 
respectively (Table 2).   

 

 
Table 1. Patients’ characteristics (n=22). 
n – Total number of patients; X(SD) – Mean (Standard Deviation). 
 

 
Table 2. Difference in MMP-8 levels between the 
test and control groups. 
MMP-8 – Matrix Metalloproteinase-8; SD – Standard Deviation; P – 
Probability; pg/mL – picogram/milliliter;  
n – Total number of patients; *P<0.05 was considered as 
statistically significant. 
 

The difference between mean MMP-8 
levels between the groups was significant 
(P<0.001). The decrease in MMP-8 levels 
between 30th day and baseline was found to be 
higher in the test group using CHA membrane 
than in the control group. Reductions in MMP-8 
levels in the test and control groups were 852.01 
and 513.69 pg/mL, respectively, indicating a 
statistically significant difference [P<0.001; Table 
2]. The change in PPD in those site was the 
decrease of PPD (Table 3).  

 

 
Table 3. Means of PPD value decreasing from 
baseline to 30th days. 
PPD – Probing Pocket Depth; t – T-Test. 
  

There was difference in PPD level post 
treatment between the test and control group 
(Table 4). There was positive correlation between 
change in MMP-8 and PPD, respectively, and 

P<0.05 indicating a statistically significant 
difference (Table 4). 

 

 
Table 4. PPD and MMP-8 correlation between 
the test and control groups. 
PPD – Probing Pocket Depth; MMP-8 – Matrix Metalloproteinase-8; 
P – Probability; D30 – Day 30th; rs = Rank Spearman correlation 
coefficient, *P<0.05 was considered as statistically significant. 
 

Discussion 
 
This study aimed to evaluate the effects 

of CHA membrane as adjunctive therapy SRP on 
GCF MMP-8 in chronic periodontitis patients. The 
results of this study indicated a significant 
decrease in MMP-8 levels in the test and control 
groups. The test group with CHA membrane 
application showed a decrease in MMP-8 levels, 
it was higher than the group with SRP alone. The 
CHA induces the expression of genes such as 
type I collagen, alkaline phosphatase, and 
osteocalcin in human bone marrow cells, as well 
as increases the local concentration of calcium 
and phosphate ions that are necessary for new 
bone formation.20 The CHA membrane inserted 
into the periodontal pocket after initial treatment 
helps the wound healing process and improves 
the periodontal tissue conditions. It is expected to 
degraded in a pocket in about 7 days. Porous 
membrane morphology can increase cell 
proliferation and facilitate oxygen transport and 
nutrient supply to surrounding tissues.11 Previous 
research on CHA by Ardhani et al, stated that 
gelatin–CHA has the potential to be a delivery 
system for metronidazole in periodontal tissue; 
thus, gelatin–CHA can be designed as a thin 
membrane.17 

The characterization of periodontal 
disease was initially based on the destruction of 
basement membrane subjacent to the junctional 
epithelium, and extracellular matrix, 
accompanied with the collapse of deeper 
connective tissue.7 In addition, MMP-8 has been 
identified as a key mediator during the onset of 
irreversible tissue destruction. The most 
significant cellular source is neutrophils, and are 
observed to be present in the periodontal tissues 
of affected patients at higher concentrations. 
Furthermore, bacterial proteinases recognized in 
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the microbial plaque have the capacity to activate 
the production of MMP-8 through neutrophils, 
and the result shows improvements clinically, 
marked by reduced levels at the GCF. SRP 
evaluated in the respective groups were proven 
to be an effective initial therapy of chronic 
periodontitis. Miller et al. identified MMP-8 as an 
essential enzyme in matrix degradation 
extracellularly. This is principally derived from 
PMNs at the acute disease stages, and properly 
correlate with the periodontal parameters.6,21 

The conventional clinical diagnostics 
performed, including probing pocket depth (PPD) 
to provide sufficient information on study site and 
monitor therapeutic response. Therefore, 
elevated MMP-8 levels within the GCF and the 
consequent activities reflect a future risk of 
disease and are considered key biochemical 
indicators.22 The GCF constituents originate from 
the gingival tissues, serum, bacterial and host 
response cells present in the surrounding tissues. 
Therefore, data assortment and analysis were 
performed through noninvasive means, in order 
to assess the host’s response.18 In addition, 
MMP-8 levels in saliva and GCF are related to 
the disease inception as well as progression, and 
also reflects the severity. The recorded levels 
tend to be higher in GCF than in saliva, proving 
that GCF is a better diagnostic sample than 
saliva.5,23 The assessment of humoral factors, 
including MMP-8, in GCF can be a good 
diagnostic tool for monitoring periodontitis cases. 
Moreover, the measurement of the mediators in 
GCF may help in estimating the effect of 
periodontal treatment.24,25 

According to Yuan et al., a positive 
correlation is established between the MMP-8 
levels and clinical periodontal indices, including 
the bleeding index or probing depth. This 
suggests the possible application as a biomarker 
for diagnostic purposes.26  A study by Kiili et al. 
designed to compare the amount of MMP-8 
present in the GCF of chronic periodontitis 
patients and the control subjects at the baseline 
and at 3 months post-nonsurgical therapy, 
demonstrated a relatively higher level amongst 
the sufferers.27  Emingil et al. reported on the 
usefulness of GCP MMP-8 levels in monitoring 
the beneficial effect of sub-antimicrobial 
doxycycline, administered as an adjunct 
medicine.28 The report by Azmak et al. 
demonstrated the reducing clinical parameters 
including PD and improvement of CAL of 

applying chlorhexidine after SRP chips over a 
period of 6 months.16 This is a novel study 
focused on analyzing the effects of CHA 
membrane on MMP-8 levels in chronic 
periodontitis patients. It is essential to conduct 
further longitudinal researches with more 
complete clinical measurement and longer 
evaluation time. 
 

Conclusions 
 

The application of the CHA membrane 
after SRP showed a marked decrease in MMP-8 
gingival crevicular fluid levels compared with the 
use of SRP alone. 
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