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Abstract
AIM: To evaluate the effect of priming tooth surface with 2% chlorhexidine gluconate on antibacterial activity of resin cement. 
METHOD: Ten patients in whom single missing tooth was present on both right and left side in upper or lower arch were selected. Two fixed partial dentures (FDPs) in each patient on right and left side were planned. Each FDP was assigned either in control group or test group. In control group FDP was luted with resin cement and in test group teeth surfaces were primed with 2% chlorhexidine gluconate before luting with resin cement. Bacteriologic sample were collected at base line level, as patient came to out-patient department, before start of any treatment, 5 wk prior to cementation of FDP and at 13 wk (8 wk after final cementation). Microbiologic processing of all samples were done and results were statistically analyzed. 
RESULT: In test group, predominance of aerobic/facultative gram positive cocci rod was seen which indicates healthy periodontal site whereas in control group, predominace of anaerobic gram negative rods was present which indicate unhealthy periodontal condition. This is evident by the fact that anerobic bacteria percentage in control sample is 57% and 15% in test sample after 13 wk whereas aerobic/facultative bacteria percentage is 43% in control sample and 85% in test sample after 13 wk. Percentage of gram negative bacteria in control sample is 61% and in test sample is 20% after 13 wk whereas percentage of gram positive bacteria in control sample is 39% and in test sample is 80% after 13 wk. Shift from anaerobic gram negative bacteria to aerobic gram positive bacteria is clearly seen from control to test sample after 13 wk. 
CONCLUSION: The present study demonstrated that priming the teeth surfaces with 2% chlorhexidine gluconate may enhance antibacterial activity of the resin cement. 
© 2013 Baishideng. All rights reserved.  
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Core tip: Fixed prosthodontics is one of the most sought after service by patients in dentistry. But periodontal problems around fixed partial dentures have been Achilles heel till date reducing longevity of prosthesis. Generally cements that are used for luting fixed partial dentures might not be as effective in controlling periodontal problems. Resin cement is cement of choice nowadays but lacks antibacterial activity. Role of 2% chlorhexidine in reducing periodontal problems has been established in dentistry. The present study focusses on method to increase antibacterial activity of the cement by priming tooth surface with chlorhexidine 2% before luting the fixed partial dentures.
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INTRODUCTION
The establishment and maintenance of periodontal health is a prerequisite for long term success for fixed prosthesis. The periodontal diseases have been associated with bacterial origin[1]. Retention of plaque around fixed prosthesis giving rise to periodontal problems has been Achilles heel till date[2]. 

There are various reasons for the existence of periodontal diseases. Traumatic preparations, faulty impressions procedures, poor provisional restorations with unsuitable laboratory support, improper crown contour[3,4] cause insult to the gingival tissues. Subgingival margin[5] placement is also associated with undesirable effects on the periodontium and is considered to be one of the causes for failure in fixed prosthesis. Despite advancements in materials used for castings and impression making for fixed partial dentures (FDP), we still depend on the integrity of the luting cement[6-8] to maintain the marginal seal. Ideal luting cement should possess low viscosity, optimal film thickness, low solubility, long working time with rapid set at oral temperature, high compressive and tensile strengths, high proportional limit; adhesion to tooth structure and restorative materials, radiopacity, translucency, biocompatibility and anticariogenic activity[9-11]. Microleakeagesolubility, and disintegration have been common problem among a number of luting agents (water-activated polycarboxylate cement, glass ionomer, zinc oxide–eugenol, silicophosphate, zinc phosphate, etc.). These unwanted properties cause growth of micro-organisms in and around fixed prosthesis. Therefore cements with antibacterial properties have been studied in past and have been co-related with long term success of FDP[12-15]. 
Antimicrobial efficacy of chlorhexidine gluconate (CHX) in 2% is well established. It is bactericidal against gram positive and gram negative oral microorganisms. CHX is retained on tooth surfaces, pellicle substances, plaque, and mucous membrane and is released over several hours. This phenomenon is substantial and can be accounted for the prolonged in vivo antiplaque effect of CHX. The effectiveness of CHX has been well documented for reduction of periodontal inflammation when used in form of mouth rinse[16,17]. Chlorhexidine also promotes formation of hybrid layer when resin cement is[18,19] applied to tooth surface. CHX has been seen in the past to improve the physical properties of the resin cement. It’s been found to diminish the loss of bonding effectiveness over time associated to etch-and-rinse and self-etch cements[20]. Chlorhexidine application in etch-rinse resin cement also reduced microleakeage at gingival margins after storage[21]. Antibacterial activity of zinc polycarboxylate cement was increased by using CHX based cement as compared to water based cement[22]. The same effect of CHX is also expected in resin cements. The aim of this clinical study was to evaluate the effect of priming the teeth surfaces with 2% CHX on antibacterial activity of resin cement 
MATERIALS AND METHODS
Patients who required fixed prosthodontic therapy were selected from out patient department (OPD) of Subharti Dental College, Meerut, UP. The patients were explained in detail about the procedures, and a written informed consent was taken before beginning with the treatment. Patient with any systemic disease or taking medications (including antibiotics, antimicrobials or fluoride rinses) affecting gingival health 2 mo before the baseline data collection were excluded from study. At the beginning of the study, all subjects demonstrated a mean Silness-Löe Plaque Index[23] and Löe-Silness Gingival Index[24] of less than 2, and probing sulcus depths of less than 4 mm at the abutment teeth. Clinical measurements were made at 6 points around each tooth. Ten patients in whom single missing tooth was present on both right and left side in upper or lower arch were selected. Abutment teeth were evaluated for tooth preparation. Porcelain fused to metal FPD was planned for each patient and thus two FDPs in each patient on right and left side were planned. Each FDP was assigned either in Control group or Test group. In control group resin cement (Multilink Automix, Ivoclar Vivadent, Mumbai-India) was used as luting agent and in test group abutment tooth surface was primed with 2% CHX (Hexidine, ICPA, India) before luting with resin cement. 
Cementation protocol 

Prepared tooth is etched with Total Etch (Ivoclar Mumbai India) for 15 s. Total Etch has 30% phosphoric acid. Cotton pellets saturated with 2% chlorhexidine are placed on prepared tooth for 60 s and then dried for 10 s[21]. Primer A and B are mixed in 1:1 ratio and applied on prepared tooth surface for 30 s (as per scientific docmentaion provided by manufacturer) Inner surface of FDP is sandblasted and cleaned in ultrasonic unit for 1 min. The restoration is thoroughly rinsed with water and dried. Monbond plus is applied with brush for 60 s to the inner surface of the restoration and dispersed with strong stream of air. Finally Multilink Automix luting cement is applied on to the restoration inner surface and restoration is luted. After the cementation was done, excess cement was removed and post cementation instructions were given to the patient[18]. 

Bacteriologic sample were collected 3 times. One at base line level, as patient came to OPD, before start of any treatment, second 5 wk prior to cementation of FPD and last at 13 wk (8 wk after final cementation). 

After bacteriologic samples were collected at the baseline visit, all patients received oral prophylaxis treatment and were given oral hygiene instructions. Porcelain fused to metal FDPs were fabricated with minimal trauma, and chamfer finish line was given in all preparations. The margins were located at the gingival margin. Forty teeth were prepared for FDP in total. A total of 12 subgingival plaque specimens (2 tests, 2 control samples per patient at three different sample times) were collected for each patient. Thus a total of 120 samples were collected in ten patients. 

Subgingival microbiologic samples were obtained by inserting sterile standardized endodontic paper points(Dia Dent, South Korea) for 30 s into the gingival sulcus subjacent to the restoration. Paper points were gently placed at 4 locations (mesiobuccal, distobuccal, midbuccal, and midlingual/palatal regions) on each abutment tooth after isolating the quadrant from saliva contamination with the help of cotton wool rolls and a saliva ejector. All four samples per tooth were pooled into a single broth, providing one broth sample per tooth per patient. 
Microbiological processing
The microbiologic samples obtained from all subgingival sites were inserted into a Robertson’s cooked medium broth and dispatched immediately to the Microbiology Department for anaerobic and aerobic culture procedures. For anaerobic bacteria, samples were cultured on (1) Brucella blood agar; (2) kanamycin-vancomycin laked blood agar; and (3) Bacteroides bile esculin agar (HiMedia Laboratories Pvt. Ltd., Mumbai, India). The plates were placed into an anaerobic chamber (Figure 1) containing a gas mixture of 80% to 90% nitrogen, 5% to 10% hydrogen, and 5% to 10% CO2 and biological control (Pseudomonas aeruginosa) incubated at 37°C for 48 to 72 h. Later, aerotolerance tests were performed for each different colony, prior to gram-staining, to determine the purity, spore formation, and morphologies. Catalase and pigment activities were also evaluated. API 20A and ID32A strips (BioMerieux SA, France) were used for identification of anaerobes. Categorization of bacterial pathogenicity was done according to whether the organism was associated with progressive periodontal disease (periodontally suspected bacteria or not not-periodontally suspected bacteria). 

Samples were cultured for aerobic bacteria on (1) 5% blood agar (Figure 1B); (2) macconkey agar (Figure 1C); and (3) chocolate (Figure 1D) (with vancomycin, clindamycin, and bacitracin) agars in laminar air flow(Labline instruments, Kochi, India). Blood and macconkey agars were incubated aerobically and the chocolate agar was incubated in air + 5% carbon dioxide (CO2) at 37°C for 24 h. Isolated bacteria were identified by using both standard microbiologic methods and API automated systems. 

RESULTS
Table 1 describes overall distribution of bacteria in test and control samples at all sample times (2 test and 2 control samples per subject at baseline, 5 wk and 13 wk). Out of 338 bacterial colonies: 42.3% were facultative gram positive cocci, 13.4% were facultative gram negative bacilli, 11.8% were aerobic gram negative bacilli, 10.9% were aerobic gram positive bacilli, 9.2% were aerobic gram negative bacilli, 5 were aerobic and anaerobic gram negative cocci, 2% anaerobic gram positive cocci. Pathogenic anaerobic gram negative bacilli were significantly less in test group (1.9%) than in control group (9.3%). Pathogenic anaerobic gram negative cocci were also significantly less in test group (3.9) % than in control group (6.04%). The total number of pathogenic bacteria was less in test group (n = 20) than in control group (n = 39). 

Tables 2 and 3 represent distribution and number of bacteria isolated at all sample times. In control group at base line level, predominantly Streptococci (32.8%), Haemophilus (13.1%) and Campylobacter (7.8%) were present and aerobic/facultative gram positive cocci and rods atmosphere was there. In Test group at baseline level, predominantly, Streptococci (35.7%), Campylobacter (9.5%) and Diptheroid (9.5%) were present and aerobic/facultative gram positive cocci and rods atmosphere was there. The P value at baseline was 0.595. The application of chi square test shows that the distribution of bacteria does not differ significantly at baseline at 5% level of significance. 

At 5 wk, in control samples predominantly Streptococci (30%) and Clostridium (14%) were present and aerobic/facultative gram positive cocci atmosphere was present. In test group, predominantly Streptococci (35.8%) and Clostridium (11.3%) were present and aerobic/facultative gram positive cocci and rods atmosphere was present. The P value at 5 wk was 0.895. The application of chi square test shows that the distribution of bacteria does not differ significantly at baseline at 5 % level of significance. 

At 13 wk, in control samples, predominantly, Streptococci (19.6%), Veionella parvula (V. parvula) (17.8%), Prevotella intermedia (P. intermedia) (14.2%) and Fusobacterium nucleatum (F. nucleatum) (14.2%) were present and anaerobic gram negative rod atmosphere was present. In test group, predominantly, Streptococci (63.9%), coagulase negative Staphylococci (6.5%) and Bifidobacterium (4.9%) were present and aerobic/facultative gram positive cocci and rods atmosphere was present. The P value at thirteen wk was 0.006. The application of chi square test shows that there is a significant association between the distributions of bacteria at 13 wk between control % test groups at 5 % level of significance. 

Table 4 shows distribution of bacteria isolated in the control sample at baseline, 5 wk, and 13 wk. There is increase in anaerobic bacteria from 45% at baseline level to 57% at 13 wk. There is increase in gram negative bacteria from 31% at baseline level to 61% at 13 wk. There is also increase in rod shape bacteria from 28% at base line level to 72% at 13 wk. Table 4 shows distribution of bacteria isolated in the test sample at baseline, 5 wk, and 13 wk. There is decrease in anaerobic bacteria from 29% at baseline level to 15% at 13 wk. There is decrease in gram negative bacteria from 29% at baseline level to 20% at 13 wk. There is also decrease in rod shape bacteria from 42% at base line level to 35% at 13 wk. 
DISCUSSION
Cardinal signs of gingival inflammation are redness, edema, and bleeding. Primary etiology of gingival inflammation is the presence of local irritants initiated by the presence of plaque. If plaque accumulation and growth can be limited, gingival inflammation can be controlled. Chlorhexidine is bactericidal and its role as antibacterial agent is well established. Berrin et al[22] reported increase in antibacterial activity of CHX based Zn polycarboxylate cement. 

Chlorhexidine also promotes formation of hybrid layer[18,19] and also improves the physical properties of the resin cement. It’s been found to diminish the loss of bonding effectiveness over time associated to etch-and- rinse and self-etch cements[20]. Chlorhexidine application in etch-rinse resin cement also reduced microleakeage at gingival margins after storage[21]. 

In the present study, changes in subgingival microflora were detected following the cementation of FDPs with or without priming tooth surface with 2% CHX. It was seen that the priming of tooth surface with CHX significantly affected the distribution of bacteria compared with that of the control group of patients. 

The bacteria cultivated from periodontally healthy sites consist predominantly of gram-positive facultative rods and cocci (approximately 75%). Small proportions of gram-negative species are also found. Most frequently found bacteria are P. intermedia, F. nucleatum, Capnocytophaga, Neisseria spp, and Veillonella spp[25]. The bacteria found in chronic gingivitis comprise roughly equal proportions of gram-positive species (56%) (predominantly Streptococcus sanguis, Streptococcus mitis, Actinomyces viscosus, Actinomyces naeslundii, and Peptostreptococcus micros) and gram-negative species(44%) (predominantly F. nucleatum, P. intermedia, V. parvula, Haemophilus and Campylobacter spp) as well as facultative (59%) and anaerobic (41%) microorganisms[26].

In present study, at 13 wk, the subgingival microflora of control sites had significant shift towards gram negative anaerobic rod atmosphere. It is evident as % of Fusobacterium nucleatum increased from 2.6% at baseline to 14.2% at 13 wk. Similarly Porphyromonas gingivalis was missing at baseline level in control group and was 3.2% at 13 wk in control group. Prevotella intermedia increased from 1.3% at baseline level to 14.2% at 13 wk in control group. Veionella parvula increased from 1.3% to 17.8% from baseline to 13 wk in control group. In contrast to this, subgingival microflora in test group at 13 wk, had composition that was similar to the microflora at baseline. The difference which was present at these two sample times in test group at 13 wk was increase % of Coagulase negative Staphylococci from 4.7% to 6.5%, increase in Streptococci from 35.7% to 63.9%. Neisseria was 4.7% at baseline in test group and was found missing at 13 wk. Gemsella was missing at baseline level and was 3.2% at 13 wk. % of anaerobic and gram negative bacteria decreased from 29% to 15% and 29% to 20% consecutively. Thus it was found that in test group ,atmosphere of aerobic/facultative gram positive cocci rod was present which indicates healthy periodontal site whereas in control group, anaerobic gram negative rod atmosphere was present which indicates unhealthy periodontal condition. To evaluate only the effects of CHX treatment, no professional scaling, root planing, or oral prophylaxis was performed after cementation of the crowns in this study. 

In the present study, the tooth preparation margins were completed with a chamfer finish line and crown margins placed at the gingival margin. Many luting agents show bacteriostatic/bactericidal properties but polycarboxylate cement and resin cement does not show such properties. This study shows favourable shift in distribution of bacteria towards gram positive facultative aerobes in test group as compared to control group in which shift in distribution of bacteria towards gram negative facultative anaerobes was observed. 

In conclusion, this study has shown that the priming tooth surfaces with 2% CHX before luting FDPs with resin cement significantly increased inhibition of periodontally suspected bacteria. This is evident from the finding that the number of aerobic/facultative gram positive cocci rod which enhances the periodontal health has increased in test group from 1.6% at baseline to almost 4% at 13 wk. And at the same time the number of anaerobic gram negative rod which decreases the periodontal health was significantly found in the control group. Thus we can conclude that priming tooth surfaces with 2% CHX may enhance antibacterial activity of the cement and create favorable distribution of bacteria towards aerobic/facultative gram positive cocci rods atmosphere at least 13 wk post-cementation of the prostheses. 
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Figure 1 Jar and media used for the study. A: Anaerobic Jar; B: Blood agar; C: Mckonkey agar; D: Choclate agar.
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A Shows Anaerobic Jar
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B Shows Blood agar
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C Shows Mckonkey agar
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D Shows Choclate agar

Table 1 Overall distribution of bacteria isolated in control and test groups n (%)
	Bacteria type
	Control (n = 182)
	Test (n = 156)
	Total

	
	PSB
	N-PSB
	PSB
	N-PSB
	

	Facultative GNB
	2 (1.1)
	17 (9.3)
	5 (3.2)
	21 (13.5)
	45 (13.4)


	Aerobic GPB
	6 (3.2)
	11 (6.04)
	—
	20 (12.8)
	37 (10.9)


	Aerobic GNC
	—
	9 (4.9)
	—
	8 (5.1)
	17 (5.02)


	Facultative GPC
	3 (1.64)
	62 (34.1)
	6 (3.9)
	72 (46.2)
	143 (42.3)

	Anaerobic GNB
	17 (9.3)
	21 (11.5)
	3 (1.9)
	—
	40(11.8)


	Anaerobic GPB


	- —
	16 (8.8)
	—
	15 (9.6)
	31 (9.2)

	Anaerobic GNC
	11 (6.04)
	—
	6 (3.9)
	—
	17 (5)


	Anaerobic GPC


	—
	7 (3.8)
	—
	—
	7 (2.1)

	Totals


	39
	143
	20
	136
	338


PSB: Periodontally suspected bacteria; N-PSB: Not periodontally suspected bacteria; GNB: Gram-negative bacilli; GPB: Gram-positive bacilli; GNC: Gram-negative cocci; GPC: Gram-positive cocci.

Table 2 Distribution and bacteria isolated at control and test sites at baseline, 5 and 13 wk
	
	Baseline
	5 wk
	13 wk

	
	Control
	Test
	Control
	Test
	Control
	Test

	Actinomycesnaeslundii FG+veR
	3 (3.9)
	—
	—
	—
	1 (1.7)
	1 (1.6)

	Actinomycesviscosus FG+veR
	2 (2.6)
	—
	—
	—
	1 (1.7)
	1 (1.6)



	Bifidobacteriumspp FG+veR
	4 (5.2)
	3 (7.1)
	2 (4)
	2 (3.6)
	1 (1.7)
	 3 (4.9)



	Clostridium spp FG+veR
	· 
	—
	7 (14)
	6 (11.3)
	—

	—



	Diphtheroid bacilli AG+veR
	2 (2.6)
	4 (9.5)
	2 (4)
	2 (3.6)
	3 (5.3)

	1 (1.6)



	Escherichia coli FG-veR
	· 
	—
	 1 (2)
	 2 (3.6)
	—
	—

	Eubacterium spp FG+veR1
	1 (1.3)
	—
	· 
	3.6% (2)
	—
	—

	FusobacteriumnucleatumAnG-veR1
	2 (2.6)
	—
	3 (6)
	 4 (7.5)
	8 (14.2)

	—



	Haemophilus spp FG-veR
	10 (13.1)
	3 (7.1)
	4 (8)
	2 (3.6)
	5 (8.9)

	3 (4.9)



	Coagulase-negative Staphylococci FG+veC
	2 (2.6)
	2 (4.7)
	2 (4)
	1 (1.8)
	—

	4 (6.5)



	Neisserria spp AG-veC
	8 (10.5)
	2 (4.7)
	2 (4)
	2 (3.6)
	1 (1.7)

	—



	Peptostreptococcus AnG+veC
	5 (6.5)
	—
	—
	—
	· 
	—

	Porphyromonasgingivalis AnG-veR1
	· 
	—
	—
	—
	2 (3.2)
	—

	Prevotellaintermedia AnG-veR1
	1 (1.3)
	1 (2.3)
	 1 (2)
	1.8%(1)
	8 (14.2)

	—



	Propionibacteriumgranulosum FG+veR
	· 
	1 (2.3)
	—
	—
	-
	—

	Staphylococcus aureus FG+veC
	2 (2.6)
	1 (2.3)
	3 (6)
	7 (13.2)
	—

	2 (3.2)

	Veillonellaparvula AnG-veC1
	1 (1.3)
	1 (2.3)
	3 (6)
	1 (1.8)
	 10 (17.8)

	1 (1.6)



	Streptococci AG-veC
	25 (32.8)
	15 (35.7)
	15 (30)
	19 (35.8)
	11 (19.6)
	 39 (63.9)

	Campylobacter rectus FG-veR
	6 (7.8)
	4 (9.5)
	 3 (6)
	—
	4 (7.1)
	2 (3.2)

	Treponemadenticola AnG-veC1
	1 (1.3)
	2 (4.7)
	1 (2)
	1 (1.8)
	—
	—

	Gemella spp FG+veC
	· 
	—
	
	—
	· 
	2 (3.2)

	Filifactoralocis FG+veR
	1 (1.3)
	3 (7.1)
	1 (2)
	1 (1.8)
	1 (1.7)
	2 (3.2)

	Total (n)
	76
	42
	50
	53
	56

	61



	
	P = 0.595
	P = 0.895
	
	P = 0.0062


1Periodontally suspected bacteria; 2Association are significant by χ2 analysis (P < 0.05). AnG-veC: Anaerobic gram-negative cocci; AG-veC: Aerobic gram-negative cocci; AnG-veR: Anaerobic gram-negative rods; FG-veR: Facultative gram-negative rods; AnG+veC: Anaerobic gram-positive cocci; FG+veC: Facultative gram-positive cocci; FG+veR: Anaerobic grampositive rods; FG+veR: Facultative gram-positive rods; AG+veR: Aerobic gram-positive rods. 
Table 3 Statistical data on the distribution of bacteria isolated in control and test groups for gram stain, atmosphere of growth, morphologic properties, andpathogenicity at baseline, 5 and 13 wk
	Type of bacteria
	Control
	Test
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2
	P

	Baseline
	

	Aerobic/facultative
	55
	71
	4.913
	0.0839

	Anaerobic
	45
	29
	
	

	Gram-positive
	69
	71
	2.391
	0.00521

	Gram-negative
	31
	29
	
	

	Cocci
	72
	58
	2.598
	0.00181

	Rods
	28
	42
	
	

	5 wk
	

	Aerobic/facultative
	60
	62
	0.721
	0.02511

	Anaerobic
	40
	38
	
	

	Gram-positive
	75
	75
	0.593
	0.01341

	Gram-negative
	25
	25
	
	

	Cocci
	65
	51
	0.398
	0.00311

	Rods
	35
	45
	
	

	13 wk
	
	
	
	

	Aerobic/facultative
	43
	85
	5.821
	0.00511

	Anaerobic
	57
	15
	
	

	Gram-positive
	39
	80
	6.321
	0.00321

	Gram-negative
	61
	20
	
	

	Cocci
	38
	55
	7.229
	0.00051

	Rods
	72
	35
	
	


1Association are significant by χ2 analysis (P < 0.05).
Table 4 Distribution of bacteria isolated in the control group at baseline, 5 and 13 wk

	
	Bacteria (control group)
	Bacteria (test group)

	Time
	Anaerobic
	Gram-negative
	Rod-shaped
	Anaerobic
	Gram-negative
	Rod-shaped

	Baseline
	45%
	31%
	28%


	29%
	29%
	42%



	5 wk
	40%
	25%
	35%
	38%
	25%
	45%

	13 wk
	57%
	61%
	72%


	15%
	20%
	35%
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2
	6.0219
	2.091
	5.412


	10.171
	5.021
	6.118

	P
	.0892
	.0211*
	.0983


	0.0813
	0.285
	0.1923


1Association are significant by χ2 analysis (P < 0.05).
