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ABSTRACT
Aim: The aim of this study was (i) to evaluate the formation of 
air bubbles in the apical region of root canal (apical vapor lock) 
during syringe irrigation, using cone beam computed tomogra-
phy (CBCT) and (ii) comparative evaluation of the elimination 
of an established vapor lock by EndoActivator, ultrasonics, and 
manual dynamic agitation (MDA), using CBCT.

Materials and methods: A total of 60 extracted human single-
rooted teeth were equally divided into three groups of 20 teeth 
each. The samples were decoronated 17 mm from the apex, 
cleaned, and shaped to size F4 Protaper using 3% sodium 
hypochlorite. Samples were irrigated with 3% sodium hypochlo-
rite + cesium chloride radiopaque dye, and preoperative CBCT 
images were obtained. After formation of apical vapor lock in 
the scanned teeth, EndoActivator (group I), passive ultrasonic 
irrigation (group II), and MDA with K-file (group III) were per-
formed and the teeth were again placed in CBCT scanner and 
results analyzed using the chi-square test.

Results: The apical vapor lock was formed in all the samples. 
Out of the 20 teeth in each group, the apical vapor lock was 
eliminated in 18 samples of EndoActivator group (90%), 16 
samples of ultrasonic group (80%), while it was eliminated in 
10 samples by MDA (50%).

Conclusion: It is concluded that (1) apical vapor lock is consis-
tently formed during endodontic irrigation in closed canal systems 
and (2) sonic activation performs better than the ultrasonics and 
MDA in eliminating the apical vapor lock, with statistically signifi-
cant difference between all the three groups (p < 0.05).

Clinical significance: The results suggest that the apical vapor 
lock (dead water zone) is consistently formed during routine 
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endodontic irrigation which impedes irrigant penetration till 
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INTRODUCTION

Complete debridement of the canal system is a primary 
requirement for the long-term success of root canal 
treatment.1-4 According to Walton and Torabinejad,5 the 
important factor is the irrigation delivery system than the 
irrigating solution per se. The debridement efficacy of an 
irrigation delivery/agitation system depends on how well 
the irrigant reaches the apical region, the uninstrumented 
zones, and creates a strong enough current to carry the 
debris out of the root canal coronally.6-10 Positive-pressure 
irrigation is the most common method of introducing the 
irrigant in the root canals. Negative-pressure irrigation 
has been introduced in 2004 recently with promising 
results for apical irrigation. Application of ultrasonic and 
sonic oscillations and MDA with a K-file or a well-fitted 
gutta-percha cone provides agitation of the irrigant.11

During the cleaning and shaping, as the root is sur-
rounded by the bone socket,12-14 it acts as a closed-ended 
channel, causing gas entrapment at its closed end during 
irrigant delivery,15-17 producing a vapor lock effect.18,19

Studies conducted on apical vapor lock without ensur-
ing a closed-ended channel at the apical end cannot be 
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regarded as conclusive. The research study was taken 
up for the three irrigation techniques in terms of evalu-
ating the formation and elimination of the apical vapor 
lock, which is a very important concept in irrigation in 
endodontics.

MATERIALS AND METHODS

Experimental Design

A total of 60 extracted human single-rooted lower pre-
molars were radiographed to ensure that each tooth 
contained one canal, such that an equal number of narrow 
(25%) and wide canals (75%) was present in the three 
experimental groups. To create a closed canal system, the 
cementum of each root was coated with tray adhesive. 
The root tip was coated with flexible, hot glue which 
was allowed to solidify, and the tooth was inserted in a 
wax block.

Each tooth was decoronated at 17 mm from the ana-
tomic apex. Patency of the canal was achieved with a no. 
10 K-file (Mani, Japan). Working length was established 
at 1 mm short of the apical foramen. Each canal was 
filled with 3% NaOCl as an irrigant during instrumen-
tation. Each root was instrumented to size F4 Protaper 
(DENTSPLY, Tulsa Dental Specialties); 3% NaOCl (Asian, 
India) was delivered with a 30-G needle which was placed 
1 mm short of the working length; 1 mL of 3% NaOCl 
was used to irrigate the canal between each instrument.

Ethylenediaminetetraacetic acid (EDTA) liquid (Dent 
Wash, Prime Dental Products, India) 17% was used as 
the final irrigant to remove the smear layer; 5 mL of 17% 
EDTA liquid was delivered with the 30-G needle and 
left in the canal for 5 minutes. Irrigants were delivered 
at the rate of 5 mL/minute. Each canal was subsequently 
irrigated with 5 mL of deionized water and dried with 
paper points.

All the teeth were then irrigated with a contrasting 
media 8M cesium chloride + 3% sodium hypochlorite 
mix in equal proportions, delivered through the 30-G 
needle 1 mm short of the working length. The needle was 
removed and the teeth were placed under Sirona CBCT 
scanner and snapshots obtained of the formed apical 
vapor lock (Fig. 1).

The formation of vapor lock was verified in the CBCT 
scanner (Fig. 1), and all the teeth were divided randomly 
into three groups of 20 teeth each and subjected to the 
three techniques. In group I, EndoActivator (DENTSPLY 
Tulsa Dental Specialties) was used at a frequency of 6000 
Hz (medium frequency) using #15 2% polymer tip 1 mm 
short of the working length for 1 minute for the teeth 
specimen.

In group II, passive ultrasonic irrigation (Irrisafe; 
Satelec, Acteon equipment) was performed for 1 minute 
at medium power setting with a #15 ultrasonic file at  
1 mm short of the working length.

In group III, MDA was performed using a No. 15 K-file 
(Mani, Japan) 1 mm short of working length and agitated 
in and out 2 to 3 mm for 1 minute. All the samples were 
again placed under the Sirona CBCT scanner and snap-
shots obtained (Fig. 2).

Statistical Analysis

The data were analyzed using Chi-square test. The statisti-
cal significance was set at p ≤ 0.05. The statistical analyses 
were performed using Statistical Package for the Social 
Sciences version 15.0 software.

RESULTS

Apical vapor lock was formed in all the samples (Fig. 1). 
Out of the 20 teeth in each group, the apical vapor lock 
was eliminated in 18 samples of EndoActivator (group I), 

Fig. 1: CBCT snapshots of vapor lock formation



Anand Agarwal et al

792

16 samples of ultrasonics (group II), while it was elimi-
nated in 10 samples by MDA (group III; Tables 1 and 2).

DISCUSSION

The area of focus in the present study was the irrigation of 
the apical third of root canal system as the importance of 
apical one-third irrigation is multifold. In closed systems, 
especially in the apical 1 mm of the root, there is signifi-
cantly more smear layer and debris remaining.20 This is 
explained by the formation of an apical vapor lock, which 
occurs when there is gas entrapment in the apical region 
of the canal. This has been described as the difficulty of 
dispersion and mixing of an irrigant in a confined space, 
whereas in an open canal system, this would not occur, 
and the irrigant would flow out of the apical foramen.21

Following balanced force instrumentation technique 
in oval canals of lower incisors, uninstrumented regions 
can be present in up to 65% of teeth, whereas 65 to 74% 
of the apical 4 mm of distal roots of lower molars remain 
untouched after shaping by rotary files.22 This implies that 
the bulk of debridement and cleaning in the apical third 
of root canal system has to be carried out by irrigation.

The studies applying engineering and physics, such 
as analytical modeling, computational fluid dynamics, 
and scaled laboratory experiments have confirmed the 
presence of a stagnation plane, beyond which root canal 
irrigant will not penetrate from the tip of the needle.21 
Greater the distance between this plane from the tip of 
the needle, better would be the penetration of the irrigant. 

During irrigation, one would desire ideally the stagnation 
plane to coincide with the working length.

Root canal morphology studies have shown that the 
canals are seldom straight or conical. The root canals 
have lateral canals, transverse anastomoses, webs, fins, 
and apical deltas, which are variations in canal morphol-
ogy frequently encountered. This further complicates the 
apical third debridement and highlights its importance.23

In the current sample design, glue was used at the 
apical end of all the samples to simulate a closed root 
canal system. The closed canal system was chosen in 
the present study owing to them being the majority of 
the routine cases for endodontic therapy, whereas cases 
with a sinus tract represent an example of an open root 
canal system.

The present study evaluated the formation of apical 
vapor lock and compared the three irrigation activation 
techniques (ultrasonic activation, sonic activation, and 
MDA) in terms of eliminating the vapor lock.

The vapor lock was formed in all the samples on 
conventional syringe irrigation. This can be attributed to 
the fact that the root canal is a closed canal system in a 
confined space of continuously tapering cone, and experi-
ments in physics demonstrate gas entrapment during 
fluid introduction in such narrow spaces.23

In ultrasonics, the energy is transmitted by means 
of ultrasonic waves and activates the flow of irrigant by 
acoustic microstreaming and cavitation. Cavitation occurs 
at the ultrasonic file tip, whereas acoustic microstreaming 
occurs at the sides of the ultrasonically activated file.13,24-26

Fig. 2: CBCT images after use of three techniques (postoperative)

Table 1: Distribution of apical vapor lock formation  
across study groups

Groups
Vapor locks 
eliminated, n (%)

Vapor locks not 
eliminated, n (%)

EndoActivator 18 (90) 2 (10)
Ultrasonics 16 (80) 4 (20)
Manual agitation 10 (50) 10 (50)

Table 2: Comparison of vapor lock elimination among groups
Groups Chi-square value p-value
EndoActivator vs ultrasonics 8.889 0.032*
EndoActivator vs manual agitation 5.000 0.045*
Ultrasonics vs manual agitation 5.012 0.043*

Chi-square test; *significant at p < 0.05
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Sonic irrigation differs from ultrasonic irrigation 
in that the frequencies range from 1 to 6 kHz, which is 
lower as compared with ultrasonics (25–44 kHz).27 In 
this study, the ultrasonically activated file was effective 
in eliminating the vapor lock but less effective than the 
EndoActivator, i.e., sonic system. The reason for this 
might be the fact that the numerous negative and positive 
nodes along the length of an ultrasonic file undesirably 
dampen the amplitude when the file touches the root 
canal walls. In contrast, sonic activation works at only 
one single negative and positive node, and the movement 
caused by the vibratory polymer tip did not change by 
contact laterally with the root canal walls.28

Meanwhile, during MDA, it is possible that the air 
bubble in the apical region is eliminated during manual 
K-file insertion, but the air entrapment reoccurs during 
removal of the K-file; hence, MDA can result in more 
debris in the apical regions of the root canal.29

Our results are in agreement with the previous 
study by de Gregorio et al,19 using ultrasonic and sonic 
(EndoActivator) activations in lateral canals, wherein they 
found irrigation in the apical third (at 4.5 and 2 mm from 
working length) better than that with traditional needle 
irrigation alone. The results of our study are in contrast 
to a previous study by Klyn et al,26 wherein they found 
no statistically significant difference for canal cleanliness 
between ultrasonic and sonic groups. The results of the 
present study are in contrast to a study by Jiang et al,30 
wherein they found that the ultrasonic activation was 
significantly more efficient than sonic activation.

Further studies incorporating both open and closed 
designs for the ability of these techniques to eliminate the 
vapor lock have to be validated. Future research is war-
ranted to assess the effect of ultrasonic, EndoVac, and sonic 
activation of irrigants on disinfection, debridement, and 
removal of smear layer from the apical third of root canals.

CONCLUSION

Within limitations of this study, it is concluded that
•	 Apical vapor lock is consistently formed during endo- 

dontic irrigation in closed canal systems
•	 Sonic activation performs better than the ultrasonics 

and MDA in eliminating the apical vapor lock, with 
statistically significant differences between all three 
groups.

CLINICAL SIGNIFICANCE

Results of the present study suggest that the apical vapor 
lock (dead water zone) is consistently formed during 
routine endodontic irrigation which impedes irrigant 
penetration till the working length, thereby leading to 
inefficient debridement. Hence, to eliminate this vapor 

lock, techniques, such as sonics or ultrasonics should be 
used along with the irrigant after cleaning and shaping 
of the root canal.
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