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ABSTRACT 

Materials commonly used in endondontic treatment lack the ability to prevent 

microleakage into the root canal system. The aim of this study was to evaluate if adding a 

plug of Coltosol can prevent coronal microleackage in endodontically treated teeth by in 

vitro dye penetration method.  

In part one in this study 33 single canal human teeth was decoronized, mechanically 

prepared and obturated with Gutta-percha and AH-plus sealant using the cold lateral 

condensing technique. Specimens where randomly divided into three groups with 10 

specimens in each group. Two teeth served as positive and one as negative control. Group 

1 only GP/sealant was used, no plug was placed in the orifice. Specimens in group 2 and 3 

where prepared with a 1 mm respectively 3 mm depth coronal cavity and the orifice-

cavities was filled with Coltosol. Dye penetration was measured after immersed 30 days.  

In part two, eight teeth was prepared and canals were instrumented and filled in the same 

procedure as in part one. A 3 mm depth coronal cavity was prepared in four specimens in 

the remaining four teeth a 3 mm depth apical cavity was prepared. The cavities were filled 

with Coltosol. Dye penetration was measured after immersed 45 days and 90 days.  

No difference in leakage was observed after immersed in 30 and 45 days. A significant 

difference in leakage was observed after immersed 90 days (p=0.018), Specimens with a 

plug of Coltosol showed less dye penetration compared to the ones with only Gutta-percha 

and sealer.
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INTRODUCTION 

The aim of endodontic treatment is to cure or prevent infection. After disinfection of the 

canal system, a root-canal filling is placed to obturate the canal system in order to prevent 

penetration of microorganism and toxins from the oral cavity into periradicular tissues. 

Still, more than 25% of endodontically treated teeth are reported to show apical 

periodontitis (Frisk et al., 2008, Skudutyte-Rysstad and Eriksen, 2006). There are several 

suggested causes of endodontic failures, and it has been shown that the coronal seal might 

be an important factor for avoiding endodontic failures (Ray and Trope, 1995, Gomes et 

al., 2015). In a study by Torabinjead et al, it was shown that despite that the canals were 

filled with gutta-percha and sealer, >50% of the canals was contaminated to their fully 

length after 19 and 42 days, when exposed to the oral cavity (Torabinejad et al., 1990). 

Other studies evaluated in vitro coronal microleakage over time when the obturation 

material in obturated canals was exposed to artificial saliva. Coronal microleakage was 

evident after days of exposure (Madison et al., 1987, Swanson and Madison, 1987, 

Siqueira et al., 2000). The results from the studies above demonstrates that gutta-percha 

combined with sealer does not give an efficient seal and also the importance of coronal 

leakage as a possible cause of failure of root canal treatment.  

Ray and Trope examined the radiographs of endodontically treated teeth where success 

was measured by absence of periapical inflammation. They found that a root canal filling 

of good quality combined with an adequate restoration had a success rate of 91.4%.  Poor 

quality of both root canal filling and restoration resulted in 18.1% success. A poor quality 

of the root canal filling combined with an adequate restoration led to a success rate of 

67.6% (Ray and Trope, 1995). Their results point out that a good coronal restoration result 

in less apical periodontitis compared to a good quality of the root canal filling alone. This 

indicates that the coronal seal may be as important as the apical seal in root canal therapy. 

As the root canal filling seems to lack the ability to prevent micro leakage into the root 

canal system (Lee et al., 2015) the coronal seal is important. In a study in dogs it was 
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demonstrated that by adding a coronal plug (IRM or composite resin) a reduction in apical 

periodontitis was achieved compared to sealing with gutta-percha and sealer alone. By 

placing a coronal plug of IRM or composite resin, only 38% respectively 39% developed 

apical inflammation compared to 89% of those without plug (Yamauchi et al., 2006). This 

suggests that placing an additional barrier, a coronal plug, after root canal filling could 

prevent or delay coronal microleakage. 

Coltosol F is a non-eugenol temporary material containing zinc oxide, calcium sulphate 

and zinc sulphate. It is designed as a short-term material (1-2 weeks) for class I and II 

cavities and is a temporary material common used in between endodontic treatments. 

Coltosol is a dental material with good sealing properties (Milani et al., 2017) due to its 

expansion when hardening and hygroscopic expansion to ensure a well- sealed margin.  

The aim of this study is to evaluate if a plug of Coltosol can prevent coronal 

microleackage in endodontically treated teeth ex vivo. 
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MATERIAL AND METHODS 

Selection and preparation of specimens 

This study was approved by the ethics committee, department of odontology Umeå. 

41 extracted human teeth was used in this study; 33 in part one of the study, and 8 in part 

two. All teeth were anonymously donated from patients at Folktandvården and 

Specialisttandvården, Västervik, Kalmar läns landsting. Patients were informed that the 

teeth were to be used at the dental school in Umeå, and that the teeth could not be traced 

back to the patient. Approval were given verbally. 

For inclusion, teeth with straight single-canaled roots, showing no caries and no fracture 

lines. Single rooted teeth and palatinal roots from upper molars that fulfilled the inclusion 

criteria was selected. A minimum length of the roots was set to 12 mm. During the 

collection time the teeth was stored moist in Isopropyl alcohol (35%).  

Before initiating root canal treatment the teeth were X-rayed to determine number of 

canals. Root surfaces with calculus was carefully instrumented with a scaler not to remove 

unnecessary parodontal tissue and cementum thus of its sealing capacity. 

With a highspeed handpiece and tapered fissure carbide bur under water-cooling, the 

crowns of the teeth was removed at the cemento-enamel junction. Palatinal roots of upper 

molars was separated with the same procedure. Apical terminus of each root was 

determined by passing a #10 K-file to apex until visible and working length was set 1 mm 

short of the length determination. The canals were instrumented to a #20 K-file and then 

shaped using the Wave one system (25.06). Dakins solution (NaOCl, 0,5%) was used for 

thorough irrigation to eliminate debris throughout the instrumentation process. Canals 

were dried with paper points and then obturated with Gutta-percha (GP; Wave One) and 

AH-plus (Dentsply, Konstanz, Germany) sealant using the cold lateral condensing 

technique. The gutta-percha was cut with a heated instrument at the coronal margin of the 

tooth.  



	 5	

All teeth in the study were instrumented in the same manner by one operator. Flowcharts 

of method are illustrated in Fig.1 a-b. 

Part 1 – 30 days incubation 

One specimen was set to side to serve as a negative control. Two specimens were not 

obturated, to serve as a positive controls. 30 specimens was randomly divided into three 

experimental groups. In group 1, only GP/sealant was used, no plug was placed in the 

orifice. In group 2, GP/sealant was covered with a 1 mm plug of Coltosol 

(Coltene/Whaledent AG, Altstätten, Switzerland). In group 3, a 3mm plug of Coltosol 

covered the GP/sealant. GP was cut with a heated instrument at 1mm or 3mm from the 

coronal margin. Extra care was taken to remove any GP on the cavity walls. Coltosol was 

applied in small pieces using a paper point to condense the material. All specimens were 

stored in a humid environment for the sealer to cure (24 hours). 

The specimens were coated twice with nail varnish except 1mm around the coronal cavity 

(Fig. 1c), then left to dry for 2 hrs. The negative control was completely coated. All 

specimens were then immersed in 1% Methylene Blue (S.A.L.F. S.p.A, Italy). After 30 

days, the specimens were rinsed under tap water for 10 min and then air dried. The nail 

varnish was removed using a scaler. Using a diamond disc, a mid-sagital cut was made 

without water-cooling to prevent dye removal. 

Dye penetration was observed in a microscope and the depth of dye penetration was 

measured on the canal walls with a periodontal probe (Fig. 3c). 

 

Part 2, Pilot – extended incubation - 1,5 -3 months 

In this part, eight teeth were included. Specimens were prepared and the canals were 

instrumented in the same procedure as described above. A Gates Glidden Drill #4 

(Dentsply, Maillefer, Switzerland) was used through the whole canal. The apical part of 

the specimens was reduced with a highspeed handpiece and tapered fissure carbide bur 
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under water-cooling to establish a 1 mm dentin wall around the apical foramen. Canals 

were obturated both coronally and apically using GP and AH-plus sealant using the cold 

lateral condensing technique. The GP was cut with a heated instrument at the margins of 

the tooth. In four of the specimens GP was cut with a heated instrument 3mm from the 

coronal margin and the remaining four, GP was cut 3 mm from the apical margin. 

Coltosol was applied in small pieces in all the cavities using a paper point to condense the 

material resulting in four specimens with a 3 mm thick coronal plug of Coltosol and four 

specimens with a 3 mm thick apical plug of Coltosol. The non cavitated side with only 

GP/Sealer served as control. All specimens were stored in a humid environment for the 

sealer to cure (24 hrs). 

The specimens were coated twice with nail varnish except 1 mm around the cavities 

(coronal and apical). Specimens was left to dry for 2 hrs then immersed in 1% Methylene 

Blue and stored in a 37°C room. 

After 45 days two specimens, one with an apical and one with a coronal plug of Coltosol 

was rinsed under tap water for 10 min and then air dried. The nail varnish was removed, a 

mid-sagital cut was made and dye penetration was observed in a microscope, depth was 

measured (Fig.3c). Remaining six specimens was left in total 90 days before observed and 

measured as above. 

 

Statistical analysis 

All analyses were performed by means of SPSS (SPSS Inc., Chicago, IL). Independet T- 

test was used to analyze the coronal leakage between the experimental groups in part one 

and two. The level of statistical significance was established at P<0.05. 

 

Literature search 

The Pubmed database was used for litterature search to locate most of the articles.  
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Free text search was used with the main keywords; Coronal microleakage, Orifice plug, 

dye penetration, methylene blue, obturation and obturation technique. Information was 

also collected from manufacturers homepage, dissertations and textbooks related to 

endodontics. 
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RESULTS 

The positive controls showed dye penetration throughout the entire length of the canals. 

Negative control showed no dye penetration into the canal. Fig. 2 contains boxplots 

showing differences of mean and standard deviations of dye in penetration for all tested 

groups. 

Part 1 – 30 days incubation 

The data form part one in this study showed that all experimental groups had dye 

penetration that extended into the root canals in similar depths, most cases 1-2 mm. No 

significant differences (p>0.05 ) was found between the experimental groups. 

Part 2, Pilot – extended incubation - 1,5 -3 months 

Specimens immersed in 45 days showed similar penetration as the groups in part one. A 

significant difference was found in the groups immersed 90 days (p=0.018). Teeth without 

a coronal plug showed deeper dye penetration compaired to canals sealed with Coltosol.  

 

Table 1 shows a summary of the dye penetration of specimens with and without a 3mm 

plug of Coltosol.
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DISCUSSION 

The results from part one in this study showed no significant difference between the 

experimental groups. All experimental groups showed similar mean dye penetration 

during a 30 day period. This could be due to the good sealing properties of the used 

materials or indicate that time is an infuencing factor. Different materials coronally make 

it difficult to compare depth penetration, which is why measurements was taken from the 

canal walls. Due to a small deviation between the groups with similar meandyes, more 

time was necessary to determine if a difference excists, and confirm that measurements 

was not a result of the dyes contact through dentin tubules. 

One study by Savariz et al. 2010 compared two sealers, AH PlusTM and GuttaFlow® using 

two different obtruation techniques; cold lateral condensation and singe-cone techniques 

ex vivo. Dye penetration was measured after 3, 30 and 120 days. GuttaFlow® showed 

greater sealing abilities, though leakage occurred in both sealing materials (Savariz et al., 

2010). Fransen et al. used a split-chamber bacterial leakage model with Enterococcus 

facealis to compare the sealing ability of three sealers; ActiV GP/glass ionomer sealer, 

Resilon/Epiphany, and gutta-percha/AH Plus. All three obturation systems showed 

varying degrees of leakage, resulting in no statistically significant differences in resistance 

to leakage between the groups (Fransen et al., 2008). Another study compared three 

sealers (AH-Plus, Apexit, and Ketac-Endo) using a lateral condensation technique. E. 

faecalis was used to determine leakage. The total time to penetrate the obturated canals 

from the coronal part to apex of the root was observed daily for 30 and 60 days. AH-plus 

showed greater sealing abilities, though leakage occurred in all three sealing materials 

after 30 and 60 days (Timpawat et al., 2001). This indicates that leakage occurs 

independent sealing materials and techniques.  

Visual examination of the specimens in the present study showed that penetration occured 

coronally and through dentin tubules (Fig. 3a). Examination of the plugs by splitting them 



	 10	

in half mid-sagital, reveled an interesting dye distribution (Fig 3b). Dye was only found in 

the margins, showing no dye in the centre of the plug. 

Observing the results from part two in this study, (90 days) showed a greater deviation. 

The specimens with a coronal plug of Coltosol had a meandye of 2 mm, while the 

specimens without a plug of Coltosol showed a mean penetration of 5 mm. 

The visual examination of the Coltosol plugs in part two, showed same penetration pattern 

as in part one.(Fig. 3c-d). The specimens with GP/sealer coronally showed a clear 

extension of dye deeper down the canal and sealer. Comparision of the spesimens with 

and without plugs suggests that the Coltosol prevent further penetration of dye. 

Do to fewer specimens in part two, the data could be missleading. This implies that more 

studies are necessary with larger groups to determine if the plug actually prevents futher 

penetration. 

The apical penetration in part two, showed a lesser dye penetration after 90 days with 

Coltosol (0.8mm) compaired to GP/sealer (1.7mm).  These specimens showed same 

penetration pattern as the coronal leakage, Coltosol prevent further penetration of dye.  

Methylene Blue was used as a substrate for oral fluids and microorgansims to demonstrate 

the penetration in to the canals.  Methylene blue was used to its simplicity, it is water 

soluble, easily diffusible and detectable under visible light (Limkangwalmongkol et al., 

1991), which allows qualitative measurement of the penetration depth. Because of its low 

molecular weight it penetrates more deeply than other dyes along the root canal filling 

(Ahlberg et al., 1995). From the infected root canal, bacteria by-products leak into the 

periapex causing inflammation in the periapical tissues (Nair, 2004). The molecular size 

of some of these products e.g butyric acid is comparable of the molecular size of 

methylene blue (Kersten and Moorer, 1989). The clinical relevance of this study is lacking 

due to use of dye, which is not fully comperable to the oral enviroment, because it is still 

not claryfied if these small-size products them selves can cause periapical disease (Kersten 

and Moorer, 1989). The aim of endodonic treatment is to cure and prevent infection. 
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Study made by Byström and Sundqvist shows that by using 0.5% NaOCl during canal 

preparation, 12/15 canals became bacteria free after 5 appointments (Byström and 

Sundqvist, 1983). If we are not fully capable to get canals free from bacteria by chemo-

mecanical treatment, one way to prevent bacteria to survive in the root canal is to arrest 

the access of nutrition e.g small-size products by placing a proper coronal seal. 

If leakage in endodonically treated teeth occur as in suggested in this study, the placement 

of a orifice plug should preferable be placed below the bone margin. The enamel, 

cementum and parodontal tissue serves as sealant on the outside of the tooth. In the 

cervical area the cementum meet the enamel in the cemento-enamel junction sealing the 

cervical area, but in aprroximely 40% of the teeth there is a gap between the cementum 

and the enamel (Astekar 2014). All surfaces not covered with cement or enamel must be 

considered permeable for bacteria, i.e  all surfaces coronally of the bone margin. Although 

the enamel does not allow bacterial penetration, the tooth crown has often been a subject 

to restorative procedures, espacially enodontically treated teeth. Fillings are also an 

imminent risk of microbial leakage (Khvostenko et al., 2015, Shetty et al., 2015). 

A common material used after endodonic treatment is dentin adhesive composite resins. 

Even though Yamauchi et al. could show a significant reduced rate of inflammation by 

adding a orifice plug compared to no plug, 39% still showed apical inflammation 

(Yamauchi et al., 2006). This indicates that blocking is not sufficient and a material with 

better sealing properties to prevent microleakage is necessary. To establish an efficient 

system for orofice plug placement, more long-term studies are desireable, to compare 

vairous materials with good sealing properties. 

In conlusion, several studies indicates that coronal microleakage should be considered a 

potential etiological factor in failure of root canal treatment (Ray and Trope, 1995). Even 

though the result in the present study did not show a difference in leakage during a 30 

days period, a difference was observed after 90 days, despite a limited number of 

specimens (Table 1). 
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The results from this study indicates that studies extended immersion (>45days) and 

greater quantity of specimens is necessary to determine the efficiency of a plug of 

Coltosol. The effects of a plug of Coltosol remains uncertain in the question to prevent 

microbiological leakage. An efficient system for placing a orifice plug is needed, 

preferable to prevent the microorganisms to penetrate both from the coronal cavity but 

also from dentine tubules and lateral canals. 
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Table 1 Mean dye penetration of tested specimens with and without a 3mm Coltosol 

plug.
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Fig. 1.  

a-b Flowcharts of method in part 1 and 2.  

c. A Schematic illustration showing the preparation and coating of the specimens. Upper: one sagittal 

view and two lateral cross sectional views. Lower: Cross sectional view. 
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Fig. 2.  Boxplots showing differences of mean and standard deviations of dye in penetration for tested 

groups. 

 



	 19	

 

Fig. 3 . Lateral cross sections. 

a. Tooth showing coronal dye penetration through dentin tubules, immersed 30 days in methylene 

blue 1%.  

b. Plug of Coltosol, immersed 30days. 

c. Tooth immersed 90days. Showing how dye penetration was measured on canal walls, *coronal 

measurement, #apical measurement.  

d. Tooth and plug of Coltosol, immersed 90 days. 

 

 

 

 

 


