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The effects of pressure in vitro on three methods of root canal obturation
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Abstract
(Safai P, Farzaneh B, Fekrazad R. The effects of pressure in vitro on three methods of root canal obturation. Diving and 
Hyperbaric Medicine. 2019 March 31;49(1):16–20. doi: 10.28920/dhm49.1.16-20. PMID: 30856663.)
Introduction: The seal of root canal fillings depends on the anatomy of the root canal system and on the properties of filling 
materials and their bond to the walls of the root canal. Alterations in pressure may influence these properties. The current 
study investigated and compared microleakage in a tapered single-cone method versus lateral and vertical condensation 
after diving simulation.
Methods: One hundred and thirty five extracted single-rooted teeth were used. Following instrumentation and irrigation 
to #30.06 Mtwo rotary system, obturations were performed in three groups of 45 teeth: Group 1, tapered single-cone 
with Endoseal MTA sealer; Group 2, lateral condensation with AH26 sealer; Group 3, vertical condensation with AH26 
sealer. Then all specimens were divided into three groups and incubated at ambient room pressure (101.3 kPa), 203 kPa or
304 kPa for 120 minutes respectively 20 times over one month to simulate diving conditions. Microleakage quantitative 
analysis was recorded by using a 2% Methylene blue dye for 24 hours.
Results: The amounts of microleakage increased with increasing pressure in all obturation groups; however, the differences 
were not statistically significant (P > 0.05). At all three pressures, the least microleakage was recorded in Group 3, vertical 
condensation. Although the differences between vertical condensation, lateral condensation, and tapered single-cone 
methods were statistically significant (P < 0.001), the vertical condensation and lateral condensation groups did not differ 
from each other (P > 0.05).
Conclusions: Vertical condensation may be the best technique, based on sealing ability, for people who frequently experience 
pressure alterations.

Introduction

Appropriate nonsurgical endodontic treatment is associated 
with knowledge of root canal morphology, cleaning and 
shaping, and finally proper obturation using appropriate 
sealant, filling materials and obturation techniques.1–4  In 
addition, with the growing number of scuba divers and 
aircrew members, dentists will increasingly encounter oral 
conditions relating to pressure changes and these require 
careful attention.5−7  These phenomena are mainly related 
to Boyle’s Law which states that at a constant temperature, 
the volume and pressure of an ideal gas are inversely 
proportional. Amongst these oral conditions, barodontalgia 
is the term used to describe toothache related to ambient 
pressure changes.8–10  Odontocrexis is another term used  to 
describe tooth or restoration structure destruction associated 
with pressure changes.11  Dental barotrauma is a more 
general term describing the damage to the tooth structure 
resulting from pressure changes with or without pain. Dental 

barotrauma is a potential cause of incapacitation that could 
jeopardize the safety of scuba diving or flight.12

Pressure changes may lead to structural alterations and 
microleakage in applied dental materials.13,14  There are a few 
studies that address other physical impacts of pressures in 
pulp chamber and root canals.6,13  Previous studies reported 
trapped gas bubbles in tooth root canal and chamber after 
the completion of root canal treatment and also the existence 
of microleakage between the restoration and the walls of the 
pulp chamber.15,16  Hence, changes in pressure may influence 
the strength and physical properties of dental materials. 
This could influence recommendations about when patients 
should not dive.

The current study investigated the effect of repeated pressure 
exposure on microleakage in three different obturation 
methods after simulation in vitro of typical recreational 
diving pressures.



Diving and Hyperbaric Medicine  Volume 49 No. 1 March 2019 17

Materials and methods

The teeth used were extracted from patients for orthodontic 
reasons after written informed consents were obtained. 
The study was approved by the Ethics Committee of AJA 
University of Medical Sciences, Tehran, Iran.

SAMPLE PREPARATION

Specimens used were 135 sound, single-rooted premolars, 
with less than 20 degrees root curvature, extracted over a 
six-month period and stored in chloramine-T 1% (Sigma-
Aldrich, Nst. Louis, Mo, United States) at room temperature. 
All teeth were evaluated by a qualified endodontist via 
radiography to determine that the root canals and teeth 
were suitable for inclusion in the study. Collected teeth 
were randomly divided into three groups, 45 teeth in each 
group. Twenty-eight other teeth were excluded because of 
ribbon-shaped canal anatomy.

ENDODONTIC TREATMENT

A single endodontist (PS) with special training in the 
respective filling techniques performed all root canal 
preparations and obturations in a standardized manner in 
order to minimize procedural variations. In all groups, 
access cavity preparation was done by D+Z diamond 
burs 837 (D+Z, KalletalT, Diamant GmbH, Germany) 
and working length was determined by inserting a size
15 K-file (Dentsply Maillefer) into the root canal until it 
was visible at the apical foramen and subtracting 1 mm from 
that length. The preparation of root canals was executed 
with the Mtwo rotary system, starting with #15.05 and 
continued to #30.06 (VDW, Munich, Germany). Irrigation 
with 5 ml 2.5 % sodium hypochlorite was done between 
successive instruments. At the end of preparation, the canal 
was irrigated with distilled water. After drying the canal 
with sterile paper points, specimens were obturated by the 
following techniques;

Group 1: Teeth were obturated using the tapered single cone 
method. Sealing cement Endoseal (MTA Endoseal, Maruchi, 
South Korea) was inserted into the canal with its syringe. 
Then, the master cone (#30.06 tapering) was impregnated 
with sealing cement and positioned to the working length.

Group 2: Teeth were obturated using a cold lateral 
condensation technique and sealing cement AH 26 (AH 26, 
Dentsply Maillefer, Ballaigues, Switzerland) was prepared 
and inserted into the canal with a lentulo. Then, the master 
cone (#30.02 tapering) was impregnated with sealing cement 
and positioned to the working length. Accessory gutta-
percha cones with spreader #25 were applied in this group .17

Group 3: Teeth were obturated with a vertical condensation 
method and sealing cement AH26. In this group, gutta- 
percha and pluger were utilized for obturation.18

Finally, all obturated teeth were radiographically evaluated 
by another, blinded endodontist (BF) and the specimens in 
each of the three groups were randomly divided into three 
subgroups for the pressure simulations (n = 15 in each 
subgroup). For setting of the root canal sealers, the access 
cavity was sealed with temporary restoration material 
(Cavisol, Golchai, Karaj, Iran) and the teeth were stored for 
24 hours (h) at 37°C and humidity of 90%. Prior to pressure 
simulation, all the specimens were sectioned mesiodistally 
at the cementoenamel junction with a diamond disc
(D+Z, KalletalT, Diamant GmbH, Germany).

PRESSURE SIMULATION

To simulate pressure changes typical of shallow water diving, 
a custom-made chamber with an external pressure gauge 
was used. The chamber was pressurised with air, and an 
air vacuum pump was used to decrease pressure. In each of 
the three groups, one subgroup was exposed 20 times over 
one month to a pressure of 203 kPa for 120 min; a second 
subgroup to 304 kPa and the third acted as a control group 
at ambient room pressure. In the control group, specimens 
were incubated in 90% humidity, 37°C for one month. 
The pressurised subgroups were kept in the same ambient 
conditions as the control group between compressions.

MICROLEAKAGE TEST

Except for 2 mm in the coronal part, the entire tooth surfaces 
were covered with two layers of nail polish. The root 
apices were sealed with sticky wax. The specimens were 
immersed in 2% methylene blue for 24 h then rinsed under 
running water to remove excessive dye. The teeth were 
subsequently sectioned buccolingually with a diamond disc
(D+Z, KalletalT, Diamant GmbH, Germany). Two sections 
of each specimen were examined under the stereomicroscope 
at 16X magnification. In order to quantitatively assess 
microleakage, dye penetration was measured (millimetre) 
from orifice to apical constriction via stereomicroscopy 
(SZX9, Olympus, Japan) and OLYSIA Zoom soft imaging 
system GmbH software by an experienced oral and 
maxillofacial radiologist (BF) blinded to the pressure 
grouping.

STATISTICAL ANALYSIS

Sample size was based on a similar study,19 due to the 
nature of the study in which rigorous inclusion criteria 
were required to make specimens as similar to each other 
as possible. Data analysis was carried out using SPSS 
software (SPSS version 18.0, SPSS, Chicago, IL, USA).
A Kolmogorov-Smirnov test determined that the data were 
not distributed normally. Therefore, a Kruskal-Wallis H test 
was used as a nonparametric analysis to evaluate the statistical 
significance of all results and pair-wise comparisons 
(P < 0.05).
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Results

AMBIENT ROOM PRESSURE

Stereomicroscopy photographs showed the least dye 
penetration with the vertical condensation method at all 
three pressures (Group 3). Mean of dye penetration for each 
group at each pressure are shown in Table 1. The difference 
between lateral and vertical condensation techniques was 
not statistically significant (P = 1). However, vertical and 
lateral condensations methods had significantly less dye 
penetration in comparison with the tapered single-cone 
method (P = 0.001).

203 kPa PRESSURE

Stereomicroscopy again showed the least dye penetration 
in the vertical condensation group. The difference between 
lateral and vertical condensation techniques was not 
statistically significant (P = 1). However, vertical and lateral 
condensations methods had significantly less dye penetration 
in comparison with tapered single-cone method (P = 0.001 
and 0.01 respectively) (Table 1).

304 kPa PRESSURE

Stereomicroscopy showed the least dye penetration in 
vertical condensation group (Figure 1). The difference 
between lateral and vertical condensation techniques was 
not statistically significant (P = 1). However, both of them 
had significantly less dye penetration in comparison with 
tapered single-cone method (P = 0.01) (Table 1).

Discussion

Simulated root canals in plastic blocks or extracted 
natural teeth have proved to be useful in systematically 
examining root fillings in vitro. In this context, natural 
teeth are superior to plastic blocks since they better reflect 
the dentin surface and the resulting mechanical properties 
at the interface between dentin and root filling material. 

Depending on the configuration of the root canal, natural 
teeth differ widely in the anatomy of the root canal system. 
In addition, root curvature plays an especially important role 
in the preparation and obturation of the root canal system. 
Therefore, in this study, only single-root extracted teeth with 
a root canal curvature of less than 20 degrees were used in 
order to facilitate comparisons.

Microorganisms present inside root canals may remain 
active in the dentinal tubules even after vigorous chemico-
mechanical preparation. Thus, perfect apical sealing is 
desirable to prevent bacteria and their endotoxins from 
reaching the root apex. Coronal leakage is considered to be 
the common cause for endodontic failure and is influenced 
by many variables such as different filling techniques, 
chemical and physical properties of root canal filling 
materials and the presence or absence of a ‘smear’ layer. 
There are several assessment methods for microleakage 
such as dye penetration, dye extraction or dissolution, 
bacteria and toxin infiltration, air pressure, scanning electron 
microscopy, transmission electron microscopy and micro-
computed tomography.20  In the present study, methylene 
blue penetration was used as it is relatively inexpensive, 
safe and results in high penetration because the dye is a 
small molecule.21

In the current study, AH-26 and Endoseal MTA were used 
as sealers. For a sealer to penetrate the narrow root canal, 
its flowability should be good. The flowability of Endoseal 
MTA which is prepared from a powder, is not significantly 
different from the paste type AH-26.22  The penetration 
of the sealer within dentinal tubules improves the sealing 
ability by increasing the contact surface between the filling 
material and dentin.23  Penetration of Endoseal MTA to 
dentinal tubules is significantly lower than AH-26.24  On 
the other hand, MTA has been shown to be an effective root 
apex filler and Endoseal MTA was better than other MTA 
products for root canal filling.24,25

A variety of systems are available for obturating root canals.26 
Gutta-percha is the most widely used filling material. It is 

Obturation method
Mean of dye penetration (mm)

Ambient room pressure 203 kPa 304 kPa

Single cone 8.0 (8.0, 6.5–9.2) 8.0 (8.0, 6.7–9.1) 8.2 (8.1, 7.9–9.2)

Lateral condensation 4.5 (4.0, 2.9–5.0) 4.8 (4.4, 3.2–5.2) 4.8 (4.7, 3.1–5.1)

Vertical condensation 3.9 (2.8, 1.9–3.8) 4.1 (3.6, 2.6–4.0) 4.1 (3.6, 2.8–4.1)

Table 1
Dye penetration (mm) after repeated exposure to three different pressures; mean (median, interquartile range);

see text below for statistical differences between methods
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suitable for both cold and warm obturation techniques. In 
the literature, studies comparing cold and warm methods 
of obturation in terms of leakage under standard conditions 
are not uniform. Cold lateral condensation is one of 
the most widely used obturation techniques. Compared 
with thermoplastic obturation techniques, cold lateral 
condensation is reported to have possible disadvantages 
such as inhomogeneity, an increased risk of canal fracture 
and poor adaptation to the canal walls.27

Regarding the microleakage test, this study showed 
statistically significant differences between the tapered 
single-cone method and other methods. Possible explanations 
are a potentially increased proportion of sealer in the root 
filling or a poor marginal seal under higher pressure levels. 
Contradictory results reported by different studies may be 
because of the variations in leakage evaluation techniques, 
test conditions, cavity design and dimensions, type of teeth 
and observation time. These contrasting results underline 
the obvious importance of standardizing testing parameters 
of leakage studies.28

Regarding the effects of pressure, no significant differences 
were seen between the control and pressure-cycled groups. 
Although after repeated pressure exposure there was a 
tendency towards increasing microleakage, these differences 
were not statistically significant. Although the pressure 
changes had no effect on the root canal filling irrespective 
of the method used, the use of vertical condensation 
appeared to have superior sealing ability compared to lateral 
condensation and the tapered single-cone method and, 
therefore, may be the most suitable method for use in divers 
and aviators. According to our literature review, this study 
is the first evaluation of various environmental pressures on 
microleakage after endodontic treatment.

Conclusion

Within the limitations of this study based on the sealing 
ability of three assessed obturation methods, vertical 
condensation would seem to be the most suitable technique 
for use in divers and aviators. Typical diving pressure cycles 
demonstrated no significant adverse effects on sealing in 
endodontically treated teeth. However, further investigation 
is required applying new assessment methods and more 
highly sensitive detectors.

References

1 Hosseinpour S, Kharazifard MJ, Khayat A, Naseri M. Root 
canal morphology of permanent mandibular premolars 
in Iranian population: a systematic review. Iran Endod 
J. 2016;11:150–6. doi: 10.7508/iej.2016.03.001. PMID: 
27471522. PMCID: PMC4947835.

2 Naseri M, Kharazifard MJ, Hosseinpour S. Canal configuration 
of mesiobuccal roots in permanent maxillary first molars in 
Iranian population: a systematic review. J Dent (Tehran). 
2016;13:438–47. PMID: 28243306. PMCID: PMC5318501.

Figure 1
Stereomicroscopy of three sectioned teeth after repeated exposure 
to 304 kPa pressure (magnification x16); A) tapered single-cone 
method, B) lateral method and C) vertical condensation method; 
microleakage of methylene blue is obvious between gutta-percha 
and canal walls in tapered single-cone method but in other methods 
microleakage mostly occurs through dentinal tubules in the coronal 

region not covered by nail polish



Diving and Hyperbaric Medicine  Volume 49 No. 1 March 201920

3 Kulkarni G, Balakrishnan R, Shetty HHK, Praveena G. A 
quantitative evaluation of the sealing ability of three different 
obturation techniques using the glucose leakage test: an in 
vitro study. Int J Dent Oral Health. 2016;8:787. doi: 10.2047/
jioh-08-07-09.

4 Tomson PL, Simon SR. Contemporary cleaning and shaping 
of the root canal system. Prim Dent J. 2016;5:46–53. doi: 
10.1308/205016816819304196. PMID: 28826433.

5 Zadik Y. Aviation dentistry: current concepts and practice. Br 
Dent J. 2009;206:11–6. PMID: 19132029.

6 Von See C, Rücker M, Koch A, Kokemueller H, Schumann 
P, Ziebolz D, et al. The influence of pressure changes on 
endodontically treated teeth during simulated dives. Int Endod 
J. 2012;45:57–62. doi: 10.1111/j.1365-2591.2011.01947.x.  
PMID: 21899567.

7 Peker I, Erten H, Kayaoglu G. Dental restoration dislodgement 
and fracture during scuba diving: a case of barotrauma. J Am 
Dent Assoc. 2009;140:1118–21. PMID: 19723944.

8 Jagger RG, Shah CA, Weerapperuma ID, Jagger DC. The 
prevalence of orofacial pain and tooth fracture (odontocrexis) 
associated with SCUBA diving. Prime Dent J. 2009;16:75–8. 
doi: 10.1308/135576109787909463. PMID: 19366523.

9 Zadik Y, Drucker S. Diving dentistry: a review of the dental 
implications of scuba diving. Aust Dent J. 2011;56:265–71. 
doi: 10.1111/j.1834-7819.2011.01340.x. PMID: 21884141.

10 Kollmann W. Incidence and possible causes of dental pain 
during simulated high altitude flights. J Endod. 1993;19:154–
9. PMID: 8509756.

11 Calder IM, Ramsey JD. Ondontecrexis – the effects of rapid 
decompression on restored teeth. J Dent. 1983;11:318–23. 
PMID: 6142064.

12 Zadik Y. Barodontalgia: what have we learned in the past 
decade? Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2010;109:e65–9. doi: 10.1016/j.tripleo.2009.12.001. PMID: 
20303049.

13 Musajo F, Passi P, Girardello G, Rusca F. The influence of 
environmental pressure on retentiveness of prosthetic crowns: 
an experimental study. Quintessence Int. 1992;23:367–9. 
PMID: 1502314.

14 Lyons KM, Rodda JC, Hood JA. Barodontalgia: a review, 
and the influence of simulated diving on microleakage and on 
the retention of full cast crowns. Mil Med. 1999;164:221–7. 
PMID: 10091498.

15 Romieu OJ, Jacquot B, Callas-Etienne S, Dutilleul P-YC, 
Levallois B, Cuisinier FJ. Gas permeability: a new quantitative 
method to assess endodontic leakage. Biomed Tech (Berl). 
2008;53:181–4. doi: 10.1515/BMT.2008.030. PMID: 18652559.

16 Ximenez-Fyvie LA, Ximenez-Garcia C, Carter-Bartlett PM, 
Collado-Webber FJ. Accuracy of endodontic microleakage 
results: autoradiographic vs. volumetric measurements. J 
Endod. 1996;22:294–7. PMID: 8934988.

17 Gade VJ, Belsare LD, Patil S, Bhede R, Gade JR. Evaluation of 
push-out bond strength of endosequence BC sealer with lateral 
condensation and thermoplasticized technique: an in vitro 
study. J Conserv Dent. 2015;18:124–7. doi: 10.4103/0972-
0707.153075. PMID: 25829690. PMCID: PMC4379651.

18 Robberecht L, Colard T, Claisse-Crinquette A. Qualitative 
evaluation of two endodontic obturation techniques: tapered 
single-cone method versus warm vertical condensation and 
injection system: an in vitro study. J Oral Sci. 2012;54:99–104. 
PMID: 22466893.

19 Zare Jahromi M, Barekatain M, Ebrahimi M, Askari B. The 
effect of three irrigants on the coronal leakage of the root 
canals system irrigants. Iran Endod J. 2010;5:121–4. PMID: 
23130037. PMCID: PMC3471578.

20 Verissimo DM, do Vale MS. Methodologies for assessment 
of apical and coronal leakage of endodontic filling materials: 
a critical review. J Oral Sci. 2006;48:93–8. PMID: 17023739.

21 Alani AH, Toh CG. Detection of microleakage around dental 
restorations: a review. Oper Dent. 1997;22:173–85. PMID: 
9484158.

22 Lee JK, Kwak SW, Ha JH, Lee W, Kim HC. Physicochemical 
properties of epoxy resin-based and bioceramic-based 
root canal sealers. Bioinorg Chem Appl. 2017;2582849. 
doi: 10.1155/2017/2582849. PMID: 28210204. PMCID: 
PMC5292198.

23 Moradi S, Ghoddusi J, Forghani M. Evaluation of dentinal 
tubule penetration after the use of dentin bonding agent as a 
root canal sealer. J Endod. 2009;35:1563–6. doi: 10.1016/j.
joen.2009.08.001. PMID: 19840648.

24 Kim H, Kim Y, Nam S, Kwon T, Kim H. Evaluation of sealing 
effect and working time of root canal filling MTA materials. 
J Korean Acad Pediatr Dent. 2016;43:129–36. doi: 10.5933/
JKAPD.2016.43.2.129.

25 Hwang JH, Chung J, Na HS, Park E, Kwak S, Kim HC. 
Comparison of bacterial leakage resistance of various root 
canal filling materials and methods: Confocal laser‐scanning 
microscope study. Scanning. 2015;37:422–8. doi: 10.1002/
sca.21231. PMID: 26114421.

26 Yilmaz Z, Deniz D, Ozcelik B, Sahin C, Cimilli H, Cehreli 
ZC, et al. Sealing efficiency of BeeFill 2in1 and System B/
Obtura II versus single-cone and cold lateral compaction 
techniques. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod. 2009;108:e51–5. doi: 10.1016/j.tripleo.2009.07.057. 
PMID: 19913719.

27 Nelson EA, Liewehr FR, West LA. Increased density 
of gutta-percha using a controlled heat instrument with 
lateral condensation. J Endod. 2000;26:748–50. doi: 
10.1097/00004770-200012000-00021. PMID: 11471647.

28 Alptekin T, Ozer F, Unlu N, Cobanoglu N, Blatz MB. 
In vivo and in vitro evaluations of microleakage around 
Class I amalgam and composite restorations. Oper Dent. 
2010;35:641–8. doi: 10.2341/10-065-L. PMID: 21180003.

Conflicts of interests: nil

Funding

The study was funded by a grant provided by the Vice-Chancellor 
of Research of AJA University of Medical Sciences, Tehran.

Submitted: 11 February 2018; final revision 23 January 2019
Accepted: 30 January 2019

Copyright: This article is the copyright of the authors who grant 
Diving and Hyperbaric Medicine a non-exclusive licence to publish 
the article in electronic and other forms.


