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Case Report 
 

Accidental extrusion of sodium hypochlorite during 
endodontic treatment: A case report 
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Root canal irrigants play a significant role in the elimination of microorganisms, removal of debris and 
smear layer from the root canals, and tissue dissolution. However, there remains a risk of extrusion of 
irrigants beyond the root canal system. Sodium hypochlorite is the most commonly used irrigant in 
endodontics due to its ability to dissolve organic soft tissue in the root canal system and its action as a 
powerful antimicrobial agent. However, if the sodium hypochlorite comes into contact with vital tissues, 
it can lead to complications ranging from minor discomfort to severe tissue damage. The present case 
report discusses the inadvertent effects and management of accidental extrusion of sodium 
hypochlorite solution into the periradicular tissues through lateral perforation of maxillary right second 
premolar in the course of root canal treatment.  
 
Key words: Sodium hypochlorite, irrigation, root canal treatment, extrusion. 

 
 
 
INTRODUCTION  
 
Success of the root canal treatment relies on thorough 
debridement and shaping of root canals. It is well 
documented that instrumentation alone cannot clean all 
the internal surfaces of the root canal as residual pulpal 
tissue, bacteria, and dentin debris may persist in the 
irregularities of canal systems (Zehnder, 2006; 
Haapasalo et al., 2005). Irrigants and disinfectants have 
become an integral parts of root canal therapy (RCT). 
Ideal antibacterial irrigants should flush out dentin debris, 
dissolve organic tissue, disinfect the canal system, and 
provide lubrication during instrumentation, without 
irritating the surrounding tissues (Mehdipur et al., 2007). 
Sodium hypochlorite (NaOCl) has been one of the most 
popular and effective irrigant, because of its physicoche-
mical and  antibacterial  properties. Though  it  has  been  

has been largely used to support the mechanical prepa-
ration of root canals, there are several reports about the 
complications of irrigation with NaOCl during root canal 
therapy (Pontes et al., 2008; Crincoli et al., 2008). This 
paper presents a case of inadvertent effects of accidental 
extrusion of NaOCl solution into the periradicular tissues 
through lateral perforation during instrumentation in the 
course of root canal treatment of maxillary right second 
premolar. 
 
 
CASE REPORT  
 
A 65-year-old male patient was referred to us with the chief 
complaint of pain and swelling in right upper premolar region since 
4 days.  Clinical  examination  revealed  erythematous,  tender  and 
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Figure 1.  Initial clinical appearance of the lesion. 

 
 
 

 
 

Figure 2. Periapical radiograph of offending tooth. 

 
 
 
soft swelling extending from right canine eminence to right maxillary 
first molar region intraorally and a sharp incised wound in the 
buccal vestibule pertaining to maxillary right second premolar. 
There was evidence of pus discharge and pale white necrotic tissue 
from the incised wound (Figure 1). Extraorally, the swelling 
extended from right infraorbital margin to right corner of the mouth 
and laterally to the right malar region measuring 3.5×4 cm. The 
swelling was tender, soft and temperature was raised. A periapical 
radiograph revealed perforation of the mesial aspect of the middle 
third of root (Figure 2). 

The history of presenting illness dates back to 10 days due to pain 
in the maxillary right second premolar region, the patient visited a 
dentist who made a clinical diagnosis of irreversible pulpitis and 
advised RCT under local anaesthesia. During the RCT, NaOCl 
used as irrigant extruded through lateral perforation of root into the 
periradicular area and buccal mucosa which presented as throbbing 
pain and swelling in the operated region. Antibiotics, analgesics and 
steroid therapy were prescribed by the dentist but the swelling 
increased. The dentist made a vestibular incision in order to drain 
out the abscess which was inadequately done. Medical history 
revealed that the patient was on medication for diabetes and 
hypertension. After 2 days of incision and drainage, the patient  had  

 
 
 
 

 
 

Figure 3. View after extraction of the involved tooth and 
debridement.  

 
 
 

 
 

Figure 4. Extracted tooth. 

 
 
 
no relief and there was pale white tissue protruding out of the 
wound. At this stage the patient was referred for further 
management. 

Treatment plan was made which included extraction of maxillary 
right second premolar, exploration of the wound and meticulous 
debridement of grossly necrotic tissue (Figures 3 and 4). Thick 
purulent discharge was drained through the mucosal perforation 
and direct irrigation of affected site was performed with normal 
saline and 5% betadine to create an environment conducive to 
healing. Antibiotics and analgesics were prescribed for a period of 5 
days. After 2 weeks, the extra- and intra oral swelling and symptoms 
had completely resolved. The patient was recalled after 2 months 
when clinical examination revealed uneventful and satisfactory 
healing (Figure 5). 

 
 
DISCUSSION  
 
The major objective in endodontic therapy is to achieve 
complete chemomechanical debridement of the entire root 
canal system. This can be accomplished with biomechanical 



 
 
 
 

 
 

Figure 5. Healed wound after 2 months. 
 
 
 

instrumentation and chemical irrigation. An effective 
irrigating solution in root canal preparation aids in 
cleaning and shaping and neutralizes necrotic content 
which favours root canal enlargement for subsequent 
filling. NaOCl is advocated as an irrigant of choice in 
endodontic therapy mainly due to its efficacy for pulpal 
dissolution and antimicrobial activity. Estrela et al. (2002)  
reported that it exhibits a dynamic balance as shown by 
the reaction between organic tissue or microbes and 
NaOCl: 
 

 
 
The peculiar characteristics of NaOCl observed are: 
 
(1) The high pH of NaOCl influenced by the release of 
hydroxyl ions, alters the integrity of the cytoplasmic 
membrane of microorganisms, causes irreversible 
enzymatic inhibition, biosynthetic alterations in cellular 
metabolism and phospholipid degradation by lipid 
peroxidation. 
(2) A strong dissolving action occurs in the presence of 
microorganisms and organic tissue. NaOCl degrades 
lipids and fatty acids resulting in the formation soap and 
glycerol by saponification reaction.  
(3) NaOCl neutralizes amino acids forming water and 
salt. Hypochlorous acid, a substance present in NaOCl 
solution, when in contact with organic tissue/microbes 
acts as solvent, releases chlorine that combines with the 
protein amino group and forms chloramines. This leads to 
amino acid degradation and hydrolysis and interferes in 
cell metabolism. Chlorine (strong oxidant) presents 
antimicrobial action by inhibiting bacterial enzymes 
leading to an irreversible oxidation of sulfhydryl group 
(SH group) of essential bacterial enzymes (Zairi and 
Lambrianidis, 2008). 
(4) Unique property to disrupt or to remove biofilms. It is 
distinctly more effective in rendering biofilm bacteria 
nonviable and in physically removing the biofilm than 
other commonly used irrigants (Clegg et al., 2006). 
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In contrast to these advantageous properties, NaOCl 
has been shown to exert manifold toxic effects. In direct 
contact with vital tissues, it entails acute inflammation, 
cellular destruction in all tissues except heavily 
keratinised epithelium, followed by necrosis of the tissues 
concerned (Mehdipur et al., 2007). NaOCl has a pH of 
approximately 11 to12 and induces injury primarily 
oxidation of proteins.The cytotoxic effect of NaOCl on 
vital tissues results in haemolysis, inhibition of neutrophil 
migration, damage to endothelial and fibroblast cells and 
facial nerve demyelination (Gernhardt et al., 2004; 
Hulsmann and Hahn, 2000). NaOCl promotes vascular 
permeability in blood vessels, probably as a result of 
damage to the vessels as well as the release of chemical 
mediators, such as histamine, from involved tissues. 
These properties cause immediate swelling and often 
profuse bleeding.  

In this case, accidental extrusion of NaOCl solution into 
the periradicular tissues occurred through lateral 
perforation of maxillary right second premolar in the 
course of root canal treatment. This lead to severe tissue 
damage associated with chemical necrosis over a period 
of days. Depending upon the nature and severity of the 
incident, management of the lesion included extraction of 
the offending tooth, exploration of the wound and 
meticulous debridement of grossly necrotic tissue. 
Wound debridement is required where there is extensive 
soft tissue necrosis, which if left, would lead to secondary 
infection. Appropriate antibiotic therapy is highly 
recommended in almost all such cases to prevent the risk 
of infection being forced from the root canal into the 
periradicular tissues and to avoid secondary infection, 
which can be easily promoted by the presence of necrotic 
tissue and osseous lesions. 

 
 
How to prevent NaOCl extrusion 
 
(1) Good access cavity design and ensure adequate 
coronal preparation. 
(2) A pre-operative periapical radiograph to assess 
angulation of the root canal system and correct 
handpiece positioning to prevent root perforation. 
(3) Use of side delivery needles that are specifically 
designed for endodontic purposes. 
(4) Calculate working length accurately and stop if 
bleeding continues, which might indicate a perforation. 
(5) Do not lock the syringe in the canal and keep the end 
of the syringe well short of the working length. 
(6) Use very low digital pressure but not the thumb, to 
trickle the irrigant into the canal and observe irrigant 
leaving the canal through the access cavity. 
 
 
How to recognize a NaOCl accident 
 
(1) Immediate severe pain (for 2 to 6 min). 
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(2) Ballooning or immediate edema in adjacent soft 
tissue, because of perfusion to the loose connective 
tissue. 
(3) Extension of edema to a large site of the face such as 
cheeks, periorbital region, or lips. 
(4) Ecchymosis on skin or mucosa as a result of profuse 
interstitial bleeding. 
(5) Profuse intraoral bleeding directly from root canal. 
(6) Chlorine taste or smell, because of injected NaOCl to 
maxillary sinus. 
(7) Severe initial pain replaced with a constant discomfort 
or numbness, related to tissue destruction and 
distension. 
(8) Reversible or persistent anesthesia. 
(9) Possibility of secondary infection or spreading of 
former infection. 
 
 
How to treat a NaOCl accident 
 
(1) Remain calm and inform the patient about the cause 
and nature of the complication. 
(2) Immediately irrigate with normal saline to decrease 
the soft-tissue irritation by diluting the NaOCl. 
(3) Let the bleeding response continue as it helps to flush 
the irritant out of the tissues. 
(4) Recommend ice bag compresses for 24 h (15 min 
intervals) to minimize swelling. 
(5) Recommend warm, moist compresses after 24 h (15 
min intervals). 
(6) Recommend rinsing with normal saline for 1 week to 
improve circulation to the affected area. 
(7) For pain control: (a) initial control of acute pain could 
be achieved with anesthetic nerve block; (b) 
acetaminophen-based narcotic analgesics, if not 
contraindicated, for 3 to 7 days (NSAID analgesic should 
be avoided to decrease the amount of bleeding into the 
soft tissues); (c) prophylactic antibiotic coverage for 7 to 
10 days to prevent secondary infection or spreading of 
the present infection; (d) steroid therapy with 
methylprednisolone for 2 to 3 days to control inflamma-
tory reaction; (e) daily contact to monitor recovery; (f) 
reassure the patient about the lengthy resolution of the 
inflammatory reaction; (g) provide the patient with both 
verbal and written home care instructions; (h) monitor the 
patient for pain control, secondary infection, and 
reassurance. 
 
 
Conclusion 
 
NaOCl is an effective antibacterial agent but can be 
highly irritating when it comes in contact with vital tissue.  
 
 
 
 

 
 
 
 
Extrusion of NaOCl beyond the root canal can occur 
when there is iatrogenic widening of the apical foramen, 
lateral perforation, or wedging of the irrigating needle.  

This report demonstrates destructive effect of 
concentrated NaOCl solution on soft tissues following 
inadvertent extrusion through lateral perforation of root 
canal, and subsequent management of the case. 
Injudicious use of the irrigant should be avoided to 
prevent the NaOCl accidents. If a perforation or open 
apex exists, then great care should be exercised to 
prevent a NaOCl accident or an alternative irrigation 
solution should be considered. The result of accidental 
NaOCl extrusion is unpredictable with no set level in 
terms of concentration and volume that determine the 
severity of patient symptoms. The early recognition and 
appropriate management of these complications by the 
dental practitioner is essential in case an extrusion 
occurs to ensure best clinical practice.  
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The purpose of this study was to evaluate the effect of self-bonding polymer (SBP) (KISSCARE® 
Concentrated Gel, KISS-COTE Inc., Tampa, FL, USA) in relation to plaque attachment and subsequent 
gingival inflammation. This randomized blinded clinical study followed a split-mouth design and 
examined prospectively 15 participants over a 6-month period. The average plaque index (PI) and 
average gingival index (GI) were measured for the control and SBP groups at baseline (week 0) and 
again after 2, 4, 12, and 24 weeks. Within the SBP groups, mean PI and GI at baseline, respectively, were 
compared to the same measures at the follow-up visits. Additionally, the control and SBP groups were 
compared in terms of the change in PI and GI from baseline to each of the follow-up points. For most 
part, the average PI and the average GI improved in both the control and SBP groups. The improvement 
in GI was statistically significant in both groups at weeks 2 and 4, while the improvement in PI was 
statistically significant at all follow-up visits. Among the areas to which polymer was applied, the 
average PI was statistically significantly lower than baseline at all follow-up visits. The SBP group 
showed significantly greater decrease in GI values when compared with the control group at week 2 
(P<0.005). The overall potential benefit of SBP was too small to be clinically substantial as it may be 
compounded by an increase in subjects’ attention to their oral hygiene during the clinical study.  
 
Key words: Self-bonding polymer, gingival index, plaque index.  

 
 
INTRODUCTION 
 
Application of self-bonding polymers (SBP) has shown to 
be an effective method of surface coating in reducing 
staining of restorative resins (Park et al., 2006, 2008). 
The efficacy of SBP application was especially 
pronounced in the absence of brushing procedures. In 
addition to color stability, microbial attachment is unques-
tionably one of the most important clinical requirements 
of restorative materials. It plays a significant role in 
achieving ultimate clinical success in terms of preventing 
caries and periodontal disease.  

The oral flora harbors a wide range of bacterial species 
responsible for a multitude of infections in the oral cavity. 
In cases of caries and periodontal disease, the initial 

attachment of critical microorganisms to the tooth surface 
is an essential prerequisite for infection. Complex 
bacterial compositions comprise dental plaque, which 
accumulates readily on the tooth surface. Dental plaque 
formation is initiated by the enamel salivary pellicle 
followed by adherence of bacteria to the pellicle. 
Colonization of critical indigenous species on tooth 
surface is an essential step in the occurrence and 
development of caries and periodontal disease (Rosan 
and Lamont, 2000; Liljemark and Bloomquist, 1996; 
Marsh and Bradshaw, 1995). Despite numerous efforts in 
promoting preventive dental care, dental caries is still the 
most common disease of children in the United States
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(Roackwille, 2000). Recurrent caries is the leading cause 
of short and long-term failure of dental restorations. 
Periodontal diseases have been associated with systemic 
diseases providing evidence of relationship between oral 
and systemic systems (Roackwille, 2000; Grossi and 
Genco, 1998). Research supports the link between 
specific microbial compositions of supra- and subgingival 
plaque and the occurrence of periodontitis (Ximenez-
Fyvie et al., 2000a, b; Socransky et al., 1993; Löe et al., 
1965). These oral infections can have profound systemic 
and local effects if left untreated. 

In a previous study, the efficacy of SBP in reducing 
extrinsic stains was evaluated in an in vitro model (Park 
et al., 2006). This research showed that the SBP group 
exhibited significantly less discoloration as compared to 
both the control and sealer groups (P<0.05). Application 
of SBP has shown to be a highly effective method of 
surface-coating to reduce staining of restorative resins, 
especially in groups with poor oral hygiene procedures 
(Park et al., 2006). Therefore, it is also important to verify 
the effect that the surface coating material will have on 
plaque attachment and gingival health when it is applied. 

Studies have indicated that color stability of resin 
restorations is influenced by different finishing treatments 
of the material surfaces (Gross and Moser, 1977; 
Shintani et al., 1985; Yap et al., 1997).  The surface 
finishing affects the overall surface roughness attributing 
to staining and plaque accumulation, which could result in 
discoloration and secondary caries requiring replacement 
of restorations (Jefferies, 1998; Weitman and Eames, 
1975). Therefore, it is important to elucidate the effect of 
SBP application in accumulation of dental plaque. This 
SBP, which is made of a pure poly(dimethylsiloxane), 
provides a mono-molecular layer of an inert protective 
coating that could potentially discourage microbial attach-
ment and growth. It is an extremely thin coating, which 
changes the surface chemistry of the surface to which it 
is applied, but provides no mechanical protection (Park et 
al., 2006, 2008).    

There is a need in restorative dentistry for a novel, 
conservative treatment approach to develop advanced 
biomaterials and restorative techniques. An ideal 
restorative material should satisfy color stability through 
preventing discoloration and help reduce the adhesion of 
dental plaque to teeth, periodontium, and restorative ma-
terials. This study hypothesized that understanding the 
characteristics of the SBP and its application may help 
reduce the adhesion of plaque on tooth surfaces. The 
aim of this study was to investigate the effect of a self-
bonding polymer on plaque attachment and subsequent 
gingival inflammation during the course of six months.  
 
 

MATERIALS AND METHODS 
 
Study population 
 
A total of seventeen human subjects were recruited, but two 
participants  failed  to  follow  through  with   recall   visits  and  were 

 
 
 
 
eliminated from the clinical pilot study. Fifteen (7 women) subjects 
were included in the final analysis. Recruitment of subjects took 
place at the Harvard School of Dental Medicine, Faculty Group 
Practice. Exclusion criteria included subjects with complete 
edentulism in any arch. Existing restorative restorations, such as 
amalgams, resins, crowns, and bridges, were not exclusion criteria. 
All included subjects ranged from 20 to 46 years of age and 
reported no significant medical history, such as heart disease, 
diabetes, immune deficiencies, etc. None of the female subjects 
was pregnant for the duration of the study. There were no specific 
inclusion criteria to subject selection related to gender, ethnic back-
ground, medication, smoking, etc., however, 3 patients reported a 
history of smoking. Due to the small sample size, this variable was 
not calculated in the pilot study. All subjects were able to tolerate 
dental treatment and were competent to provide basic self-care, 
including oral hygiene practices. The project was explained to all 
subjects, and each person signed an informed consent form prior to 
enrollment. The project was approved by the Harvard Medical 
School Committee on Human Subjects.   
 
 
Application of SBP 
 
Subjects received an oral prophylaxis (cleaning and prophy), after 
which the KISSCARE

®
 Concentrated Gel (KISS-COTE Inc., Tampa, 

FL, USA) was applied according to manufacturer’s instructions in 
one quadrant of the maxillary arch and another quadrant of the 
mandibular arch on the opposite side. The test quadrants were 
randomly selected. The remaining two quadrants served as controls. 
This split-mouth design was chosen to control for individual- and 
time-dependent factors. For each quadrant, 1 to 2 drops of the 
KISSCARE

®
 Concentrated Gel was applied on a prophy cup using 

a slow-speed hand piece to spread the material completely over the 
tooth surfaces. Any excess material was wiped off with gauze. Only 
light pressure was required to assure that the surface was 
thoroughly wetted with the material. One operator was responsible 
for the application of the material for the study. Subjects were given 
oral hygiene instructions and advised to brush their teeth twice daily 
(morning and evening) for 2 min with an American Dental 
Association approved dentifrice and soft-bristled toothbrush. 
 
 
Measurements 
 
Baseline measurements of plaque index (PI) and gingival index (GI) 
scores were made at the day of application. The PI and GI were 
measured again at 2, 4, 12, and 24 weeks. One operator was 
responsible for the measurements for consistency. The PI was 
measured using the Turesky Plaque Index System

 
to access the 

amount of plaque on the facial and lingual surfaces of all of the 
teeth after using a disclosing agent (Turesky et al., 1970; Mandel, 
1974). For each split-mouth treatment area, an average PI score 
was calculated. 

For the measurement of GI, four gingival units (the distofacial 
papilla, facial margin, mesiofacial papilla and entire lingual gingival 
margin) were scored according to the Loe-Silness Gingival Index 
System (Löe and Silness, 1963; Löe, 1967). All of the scores were 
totaled and divided by the number of teeth examined, providing the 
average GI score per split-mouth treatment area. The GI can be 
used to differentiate severity of clinical gingivitis (0.1 to 1.0:  mild 
gingivitis, 1.1 to 2.0:  moderate gingivitis, and 2.1 to 3.0:  severe 
gingivitis) (Löe, 1967). 
 
 

Statistical analysis 
  
Descriptive statistics were calculated for the study sample.  The PI 
and GI were  measured  for  the  treatment and  control  split-mouth 
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Figure 1.  Mean average gingival index (GI) by week and treatment. 
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Figure 2. Mean average plaque index (PI) by week and treatment. 

 
 
 
treatment areas at baseline (week 0) and follow up visits at 2, 4, 12, 
and 24 weeks. Plots of the mean GI and PI by group were 
constructed. To determine the effect of treatment on change on the 
GI and the PI, respectively, two sets of comparisons were 
performed.  First, within category of treatment, each follow-up visit 
measure was compared to the baseline measure using a paired t-
test. Second, the difference in each index at each of the follow-up 
visits as compared to baseline was calculated, and these 
differences were compared between the SBP split-mouth halves 
and the control split-mouth halves using a paired t-test.   

All analyses were conducted in Stata 8.2 (Stata Corp., College 
Station, Texas), and in all instances, alpha was set to 0.05. 

RESULTS 

 
The plots of average GI and PI values over time by 
groups are shown in Figures 1 and 2. In the SBP groups, 
the baseline average GI was 1.19, and the average PI 
was 2.73. In the control group, the baseline average GI 
was 1.04, and the baseline average PI was 2.69. The 
baseline and follow-up GI and PI measures, accounting 
for loss to follow-up, are shown in Tables 1 and 2, res-
pectively. For most part, both the control and  SBP  areas  
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Table 1.  Gingival index (GI) at week 0 and follow-up, by treatment. 
 

Week 
SBP  Control 

Week 0 GI P*  Week 0 GI P* 

2 1.17 0.74 0.0005  1.01 0.73 0.003 

4 1.12 0.78 0.07  0.96 0.70 0.07 

12 1.07 1.15 0.70  0.91 1.04 0.49 

24 1.01 0.92 0.62  0.86 0.84 0.89 
 

*Paired t-test. 
 
 
 

Table 2.  Plaque index (PI) at week 0 and follow-up, by treatment. 
 

Week 

SBP  Control 

Week 
0 

PI P* 
 Week 

0 
PI P* 

2 2.70 2.30 0.03  2.66 2.05 0.001 

4 2.72 1.76 0.0008  2.68 1.80 0.002 

12 2.75 1.56 0.0004  2.72 1.59 0.001 

24 2.46 1.42 0.0003  2.57 1.46 <0.0001 
 

*Paired t-test. 
 
 
 

experienced improvements in average GI and PI values.  
Among the areas to which polymer was applied, the 
average PI was statistically significantly lower than 
baseline at all follow-up visits. For the SBP group, 
average GI was statistically significantly lower than 
baseline at week 2, while the improvements at weeks 4 
and 24 were not statistically significant. At week 12, the 
GI was higher than at baseline, though this difference 
was not statistically significant.  

For each individual, the differences between the base-
line measures and those at each follow-up visits were 
calculated. The summary statistics of these differences 
are shown in Table 3. These statistics demonstrate im-
provement in both the PI and GI regardless of treatment 
group. The exception was the difference between week 
12 and baseline GI, where both the SBP and control 
groups experienced an increase in the average GI values 
relative to the baseline values of 0.074 in the SBP group 
and 0.14 in the control group; these values were not sta-
tistically significantly different (paired t-test P-value=0.41). 
The SBP and control groups demonstrated a statistically 
significant difference only at week 2. The control group 
had a greater reduction in PI from baseline (-0.60) than 
the SBP group (-0.39) (P-value=0.02, paired t-test). By 
contrast, the control group had a smaller reduction in GI 
values from baseline (-0.29) than did the SBP group (-
0.43) (P=0.004, paired t-test). 
 
 
DISCUSSION 
 
The results of the clinical pilot study showed a statistically 
significant   decrease  in  PI  scores  for  both  the  control  

 
 
 
 
group and the SBP group throughout the visits. These 
observations could be in accordance with the findings of 
other studies stating that frequent follow up visits and 
repeated oral hygiene instructions alone could improve 
the oral hygiene in patients without further interventions. 
A study measuring the effect of different treatment 
modalities in achieving a healthy microflora through 
differential counts indicated that improved oral hygiene 
was achieved from monthly recalls, with or without 
treatment (Zee et al., 2006). In another study, gingival 
health at baseline and dental knowledge were considered 
significant predictors of good oral health (Hugoson et al., 
2007).  Frequency of the follow up visits was more critical 
than any treatment intervention including professional 
tooth cleaning for the clinical result. Needleman et al. 
(2005) concluded that repeated oral hygiene instructions 
might have a similar effect as professional mechanical 
plaque removal. 

At week 2, the control group experienced a small, but 
statistically significantly greater decrease in PI than the 
SBP group. Despite extremely careful effort to separate 
the treatment groups during clinical application, it is 
possible that excess polymer could have spread to the 
control sites inadvertently or the material could have 
remained intra-orally and could have adhered to the 
remaining surfaces through saliva. Under these circum-
stances, the effect of the SBP may be indistinguishable 
from the unaffected areas. Another interpretation of the 
result may be that general improved oral hygiene could 
have been attributed to the application of SBP in all tooth 
surfaces in both study groups, known as the Hawthorne 
effect (Kohli et al., 2009). 

The GI score exhibited a more complex pattern over 
time than the PI score.  Both the control and SBP groups 
experienced a statistically significant improvement in 
average GI score at week 2, with results that bordered on 
statistical significance at week 4. As opposed to the effect 
seen in the PI, the polymer treated areas showed a 
statistically significant larger improvement in GI than did 
the control. However, at the 12th week visit, the GI 
scores slightly exceeded the baseline levels. This worse-
ning was not statistically significant, and improvement 
relative to baseline was again seen at the 24th week visit. 
One reason for the worsening could have been the effect 
of a longer lapse in oral hygiene instructions during this 
period. Another point of interest is that the 12 week 
follow-up visits took place around and immediately after 
the winter holiday season, which has been linked to 
increased stress level (Phillips et al., 2004). Studies have 
shown that stress related to socioeconomic and various 
other conditions could pose as potential risk indicators for 
poor periodontal conditions and recommend intervention 
measures  including  stress reduction for preventing and 
treating periodontal disease (Spalj et al., 2008; Akhter et 
al., 2005). Johannsen et al. (2006) showed that women 
with stress-related depression and exhaustion had poor 
oral health leading to compromised periodontal health as 
compared to the control group in measures  of  more  plaque 
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Table 3.  Difference between week 0 and follow-up plaque (PI) and gingival (GI) indices, by treatment . 
 

Week 
PI Difference from week 0 

P* 
 GI Difference from week 0 

P* 
SBP Control  SBP Control 

2 -0.39 -0.60 0.02  -0.43 -0.29 0.004 

4 -0.96 -0.88 0.30  -0.34 -0.26 0.44 

12 -1.17 -1.13 0.84  0.074 0.14 0.41 

24 -1.04 -1.11 0.37  -0.093 -0.02 0.44 
 

*Paired t-test. 

 
 
 
accumulation, GI and increased levels of IL-6 and cortisol 
in gingival crevicular fluid (Johannsen et al., 2006). 

A limitation of this study is the loss to follow-up that oc-
curred. The resultant reduction in sample size may have 
impacted the statistical power to make comparisons at 
the later follow-up visits.  Despite this limitation, in the 
short term, these results demonstrate that the application 
of the polymer may even improve the PI and GI. This, in 
combination with the previous in vitro findings of reduced 
staining with polymer treatment, nominates the approach 
as a potentially useful complement to the existing treat-
ment approaches for staining and plaque accumulation. 
The SBP could possibly reduce plaque accumulation, 
although the beneficial effect may be compounded by 
increased patient attention to oral hygiene. 

The duration of the coating still needs to be explored to 
determine whether multiple applications are required and 
the optimal frequency of application. The time over which 
the treatment might continue to have a beneficial effect is 
not clearly defined. The wear resistance affected by daily 
tooth brushing with a dentifrice is another factor that 
needs to be explored further. As observed in our in vitro 
study, application of SBP was an effective method of 
surface coating in reducing staining of restorative resins, 
especially in groups without brushing procedures (Park et 
al., 2006). The overall efficacy of SBP could be more 
pronounced in patient population with poor oral hygiene.   

To better understand the effect on PI, further investiga-
tions of the effect of the polymer on microbial adherence 
are required. Microbial adherence is an essential step in 
the formation of dental plaque leading to colonization and 
pathogenesis (Marsh, 2003). The early colonizers of the 
tooth surface attach through non-specific physiochemical 
interactions between microorganisms and host surface 
and the later colonizers bind to the existing organisms by 
adhesin-receptor mechanisms (Marsh, 2003; Busscher 
and van der Mei, 1997). Glycoproteins, mucins, and 
enzymes found in saliva are present in the pellicle 
covering the tooth surface and can be recognized by the 
early colonizers. The salivary components for specific 
binding by bacteria have been studied, such as acidic 
proline-rich proteins as the receptor for Streptococcus 
gordonii (Kolenbrander and London, 1993). 

The patient population in the current pilot study did not 
have   any  significant  medical  complications  leading  to  

decreased salivary flow. Research has shown that 
decreased salivary flow is an important risk factor for root 
caries for the elderly (Almståhl et al., 1999). Application 
of the SBP in patients suffering from xerostomia, such as 
in Sjögren’s syndrome, irradiation therapy, and medica-
tion use for various medical conditions, may have a more 
profound benefit. The effect of saliva, pH, and the 
presence of a multitude of microorganisms that coexist 
within the oral environment and their possible effects on 
plaque attachment should be considered in future studies.  
 
 
Conclusion 
 
The SBP and control groups both displayed 
improvements in PI and GI scores. The potential clinical 
significance of self-bonding polymer on plaque and 
gingival health was marginal in this clinical study.  The 
long-term benefit for its use as a complement to the 
existing treatment for preventing staining and plaque 
accumulation need to be further investigated. 
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